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Abstract
To report the first case of dellen-like keratopathy with 
superior corneal thinning associated with implantation 
of glaucoma drainage devices. A 70-year-old male with 
a history of primary open angle glaucoma and dry eye 
disease underwent placement of glaucoma drainage de-
vices with antimetabolite application in both eyes. Prior 
to placement, minimal refractive error was noted on 
manifest refraction. Several years later, the patient was 
referred for decreased vision and corneal irregularity. 
Examination showed pathologic corneal curvature, su-
perior corneal thinning, and epithelial demarcation lines 
immediately anterior to the glaucoma drainage devices 
in both eyes. The epithelium remained intact with no 
evidence of limbal stem cell deficiency. Manifest refrac-
tion revealed a large change in both eyes. Topography 
was used to confirm the presence of irregular corneal 
curvature anterior to the glaucoma drainage devices. 
Dellen-like keratopathy with superior thinning is a 
rare sequela after implantation of a glaucoma drain-
age device that must be considered in elderly patients 
who undergo glaucoma surgery. It is likely related to a 

combination of tear film alteration related to previously 
large anterior blebs, antimetabolite application, and 
aqueous humor flow patterns around the drainage de-
vices. Treatment should focus on lubrication.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Dellen-like keratopathy; Delle; Glaucoma 
drainage device; Corneal thinning

Core tip: Corneal abnormalities are not uncommon 
findings in patients with longstanding glaucoma. Topi-
cal medication-related and antimetabolite-related 
keratopathies are conditions that have been well docu-
mented. This case report identifies an entity related 
to glaucoma drainage devices. Dellen-like keratopathy 
is a condition similar in appearance to that of a delle, 
but larger in size. Early identification is important in 
preventing excessive corneal thinning and irregular 
corneal curvature.

Fenzl CR, Moshirfar M, Gess AJ, Muthappan V, Goldsmith J. 
Dellen-like keratopathy associated with glaucoma drainage de-
vices. World J Clin Cases 2014; 2(1): 1-4  Available from: URL: 
http://www.wjgnet.com/2307-8960/full/v2/i1/1.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i1.1

INTRODUCTION
Dellen keratopathy is characterized by localized thinning 
and dryness in the cornea. It often develops adjacent to 
areas of  ocular surface changes and elevation, such as 
pterygia. Chronic dellen formation can lead to diffuse 
thinning. This is the first reported case of  delle-like kera-
topathy with superior corneal thinning resulting from the 
implantation of  glaucoma drainage devices.
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CASE REPORT
A 70-year-old male was referred by his glaucoma spe-
cialist for gradual worsening of  vision in both eyes. The 
patient had a history of  primary open angle glaucoma for 
ten years for which he underwent multiple surgeries. He 
also suffered from moderate dry eye disease for which 
he was being treated with frequent topical lubrication. 
The right eye had placement of  ExPRESS shunt (Alcon 
Laboratories, Fort Worth, TX) with use of  mitomycin-C 
(MMC), which required two subsequent revisions in the 
right eye, both of  which also used MMC. The left eye 
underwent a trabeculectomy with MMC, followed by 
Ahmed tube shunt (New World Medical, Rancho Cu-
camonga, CA). The patient was also pseudophakic in 
both eyes and denied any history of  refractive surgery, 
excessive eye rubbing, bleb massage, and collagen vascu-
lar disease.

Eleven months prior to presentation he had stable 
best corrected visual acuity of  20/40 in the right eye and 
20/50 in the left eye. Manifest refraction was -1.25 + 1.50 
× 010 and -0.75 + 0.75 × 080 respectively.

At the time of  presentation, the patient was being 
treated with brinzolamide twice daily, brimonidine/timo-
lol combination twice daily, latanoprost once daily, and 
preservative free artificial tears three times per hour in 
both eyes. The patient’s best-corrected visual acuity was 
20/70 in the right eye and 20/100 in the left eye with sig-
nificantly increased astigmatism on manifest refraction: 
-6.25 + 7.75 × 060 in the right eye and +2.25 + 2.50 × 
047 in the left eye. Intraocular pressure was 34 mmHg in 
the right eye and 18 mmHg in the left eye. Central cor-
neal thickness was 511 microns in the right eye and 533 
microns in the left eye.

Externally, no eyelid pathology was present. Anterior 
segment examination revealed thinning of  the superior 
one-third of  the corneal stromal with an clear epithelial 
demarcation line in each eye (Figure 1). The epithelium 
was intact bilaterally. A slight elevation of  the conjunctiva 
was present posterior to the limbus in each eye, but no 
perilimbal bleb was identified. The glaucoma drainage 
device tubes inside each anterior chamber were in appro-

priate posterior position with no corneal contact. Topo-
graphic analysis with Pentacam (Optikgerate GmbH, 
Wetzlar, Germany) revealed diffuse corneal thinning as 
well as irregular corneal curvatures adjacent to the glau-
coma drainage devices. At the thinnest point, the right 
cornea was 421 microns and the left cornea was 450 mi-
crons (Figure 2).

DISCUSSION
Corneal dellen are localized areas of  drying and thin-
ning in the peripheral cornea, usually adjacent to an area 
of  ocular surface abnormality. With chronic dellen, a 
keratopathy mimicking ectasia can occur with a combina-
tion of  drying, thinning, and a reduced corneal tensile 
strength.

Keratopathy resulting from glaucoma surgery is ex-
ceedingly rare. To our knowledge, only two cases of  kera-
topathy after glaucoma surgery have been documented 
in the literature, both following trabeculectomy (there are 
no reported cases after tube shunt surgery). One report-
ed case utilized MMC[1] and the other used 5-Fluorouracil 
(5-FU)[2]. In one bilateral case of  superior corneal changes 
observed 15 years after surgery, the cause was thought 
to be due to either bleb compression from prominent 
avascular blebs or chronic corneal toxicity from MMC 
application[1]. The other case of  keratopathy following 
trabeculectomy was attributed to excessive eye rubbing[2].

MMC and 5-FU have long been used adjunctively in 
trabeculectomy to improve surgical outcomes. Resultant 
epitheliopathy is common due to the effect of  antime-
tabolites on actively replicating tissue[3], and effects are 
seen well beyond the time of  surgery[4]. Stromal kerato-
cytes are also affected by antimetabolite medications; in 
an in vitro human cornea model, Rajan et al[5] documented 
a significant delay in keratocyte repopulation as well as 
decreased anterior stromal thickness four weeks after 
photorefractive keratectomy combined with MMC.

In our patient, thinning and significant alteration in the 
corneal curvature were present in a location immediately 
anterior to each drainage device. Given this patient’s his-
tory of  multiple glaucoma surgeries, it is likely that dellen 
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Figure 1  Photograph of right eye demonstrating epithelial demarcation line, fluorescein pooling, and ExPRESS shunt immediately below superior eyelid 
margin (A) and photograph of left eye showing epithelial demarcation line, superior stromal thinning, fluorescein pooling, and Ahmed valve immediately 
below superior eyelid margin (B).
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formed at some stage in each eye. This may have been 
the result of  previously large, anterior blebs causing tear 
film alteration[6]. In the left eye, a tissue allograft placed 
adjacent to the limbus during the Ahmed valve placement 
may have provided a nidus for delle formation. The an-
timetabolite use during these surgeries may have acceler-
ated this process. It is also possible that the fluid dynam-
ics of  the aqueous humor at the opening of  the drainage 
device may play a role in inducing thinning superiorly 
through low grade inflammation that may impair normal 
corneal healing, repair, and maintenance functions. Retro-
grade flow of  inflammatory cells has also been postulated 
as a source of  corneal complications[7], and focal endo-
thelial irregularities related to drainage devices have been 
reported[8].

A combination of  chronic dellen formation and low 
grade inflammation in the posterior cornea likely led 

to the diffuse superior corneal thinning and resultant 
astigmatism in this patient. We term this a dellen-like 
keratopathy, rather than a dellen keratopathy, due to the 
diffuse nature of  the thinning that covered nearly 50% of  
the superior cornea and encroached into the visual axis, 
mimicking a superior keratoconus. To the patient, we 
recommended continued use of  frequent lubrication and 
fitting for rigid gas-permeable contact lenses to maximize 
his visual potential. He has not followed up with us since 
his initial visit.

This is the first reported case of  glaucoma drainage 
device associated keratopathy, a rare but serious compli-
cation of  glaucoma surgery. Keratopathy resulting direct-
ly from device placement cannot be proven, and is likely 
multifactorial. The focal thinning immediately adjacent 
to both drainage devices suggests a causal relationship. 
Glaucoma and cornea specialists should be aware of  this 
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Figure 2  Oculus Pentacam of right eye (A), left eye (B) showing corneal thinning and irregular curvature.
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cant corneal curvature abnormalities on topographic imaging.
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possibility in patients presenting with worsening vision 
and corneal changes after glaucoma surgery.

COMMENTS
Case characteristics
The main symptom was blurry vision.
Clinical diagnosis
The main clinical findings include corneal thinning, epithelial demarcation lines, 
and pathologic corneal curvature.
Differential diagnosis
The differential diagnosis focuses on potential causes of corneal thinning and 
change in corneal curvature including dellen-like phenomena, antimetabolite 
complications, and aqueous humor fluid dynamics at the opening of the drain-
age devices.
Laboratory diagnosis
No laboratory testing was performed.
Imaging diagnosis
Imaging revealed dramatic change in refraction as well as irregular corneal cur-
vature identified by topography.
Pathological diagnosis
No specimens were obtained for pathology.
Treatment
Treatment includes frequent lubrication and gas-permeable contact lenses.
Related reports
Similar reports are included as references one and two.
Term explanation
A delle is an area of localized thinning and dryness of the cornea adjacent to an 
elevated area.
Experiences and lessons
Dellen-like areas of corneal thinning can occur anterior to glaucoma drainage 
implants and should be treated in a similar manner as dellen.
Peer review
Strengths include evidence of change in manifest refraction as well as signifi-
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Abstract
Inflammatory pseudo-tumour (IPT) of the liver is a rare 
condition with the appearance of a tumour-like space 
occupying lesion. Aetiology and natural history is not 
known for these benign lesions, as they are commonly 
diagnosed as malignant lesions and frequently undergo 
surgical resection since spontaneous resolution is very 
rare. Multifocal IPT involving both lobes of liver are 
rarely reported. Here we report a unique case of mul-
tifocal IPT of the liver which resolved spontaneously 
within 5 wk period.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Multifocal; Inflammatory pseudo-tumour of 

liver; Spontaneous regression

Core tip: Inflammatory pseudo-tumour (IPT) is ex-
tremely rare pre-operative diagnosis. It’s a benign con-
dition which does not require surgical management and 
it rarely self resolves. Our case so unique in appearance 
that IPT generally are solitary and if multiple generally 
confined on lobe of liver. In our case this tumour mim-
icked metastasis and presented in bilobar presentation. 
It resolved in 5 wk something which is never reported 
in medical literature.

Puri Y, Lytras D, Luong TV, Fusai GK. Rare presentation of self-
resolving multifocal inflammatory pseudo-tumour of liver. World 
J Clin Cases 2014; 2(1): 5-8  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i1/5.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i1.5

INTRODUCTION
Inflammatory pseudo-tumours (IPTS) represent a chal-
lenging clinico-pathologic entity due to their similar-
ity with malignant lesions. Histo-pathologically these 
tumours are inflammatory myofibroblastic tumours or 
plasma cell granulomas. They were initially observed in 
the lung by Brunn et al in 1939, and subsequently in  the 
liver by Pack et al[1] in 1953. Although in the liver they 
may rarely lead to biliary obstruction, portal hypertension 
and even cirrhosis, their clinical importance is primarily 
related to the difficult differential diagnosis from malig-
nant tumours[2]. For this reason the main pattern of  di-
agnosis is on post-resection histopathological processing. 
However, spontaneous resolution of  these lesions has 
been reported as well. Here we present a case of  multifo-
cal liver IPT, which spontaneously resolved without any 
type of  therapeutic intervention.
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CASE REPORT
A 37-year-old Caucasian female was referred to our ter-
tiary hepatopancreatobiliary surgical unit with symptoms 
of  weight loss and malaise since one month. There are 
no pre-existing medical co-morbidities. Bloods results 
showed derangement of  liver function tests with alkaline 
phosphatase of  174 U/L (normal range: 38-126), aspar-
tate transaminase of  40 U/L (9-36), alanine transaminase 
of  43 U/L (10-28), and normal bilirubin. Regarding in-
flammatory markers only erythrocyte sedimentation rate 
was raised at 58 mm/h (2-12). Abdominal ultrasound re-
vealed multiple bilobar lesions in the liver with maximum 
size of  3.5 cm adjacent to the porta hepatis. Multiditector 
computed tomography with a liver protocol demonstrated 
5 lesions, non-enhancing and of  low attenuation highly 
suspicious of  metastatic origin (Figure 1). According to 
decision of  the multidisciplinary team meeting, the patient 
was considered harbouring metastatic diseases of  un-
known primary and she underwent detailed investigations 
with upper gastrointestinal endoscopy, positron emission 
tomography (PET) scan, mammography, chest computed 
tomography scan and tumour markers as well. Apart from 
an abnormal uptake in the right lobe of  the liver on PET 
scan there was no pathology revealed in any other study.

After failure in locating the primary, a percutaneous 
biopsy of  a liver lesion was decided as next step in the 
diagnostic workup. Histopathology revealed a parenchy-
ma of  normal architecture but replaced by collagenous 
stroma admixed with inflammation. The stroma was 
composed of  dense areas of  fibrosis, myofibroblasts and 

fibroblasts. The inflammation consisted of  a mixture of  
plasma cells, lymphocytes and eosinophils. Aggregates of  
xanthomatoushistiocytes were also seen. There was mild 
portal inflammation. Also few epithelioid granulomas 
were seen. Immunohistochemistry showed positivity of  
the spindle cells for smooth muscle actin and negativ-
ity for ALK-1 (Figures 2 and 3). Epstein barr virus and 
cytomegalovirus immunostains were negative as well. 
Ziel-Neelsan showed no evidence of  acid-fast bacilli in 
specimen. The tissue sample was considered as highly 
suggestive of  inflammatory pseudo-tumour.

Based on the existed evidence and according to pa-
tient’s consent, a wait and watch policy with follow-up 
imaging in 3 wk was decided. Magnetic resonance imag-
ing (MRI) demonstrated significant reduction in the size 
of  all liver lesions, measuring a maximum diameter of  1.5 
cm as compared to the previous 3.5 cm. Follow-up MRI 
at two months showed almost complete resolution of  the 
lesions. She was put on annual follow up with liver MRI 
and she remains asymptomatic and without evidence of  
any lesions on 2 year follow-up (Figure 4).

DISCUSSION
An IPT is a benign, tumour like lesion characterised by 
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Figure 1  Computed tomography at presentation demonstrating multiple 
liver lesions.

Figure 2  Lesional area composed of cytologically bland, spindle- or 
stellate-shaped cells arranged in a collagenous stroma with scattered 
inflammatory cells with predominance of plasma cells.

Figure 3  Immunostaining for smooth muscle actin shows that many of 
the spindled cells are myofibroblasts.



presence of  certain chronic inflammatory cells namely 
plasma cells, lymphocytes and eosinophils. Although 
uncommon in presentation, they represent a challenge in 
differential diagnosis since they might lead to unnecessary 
surgical interventions if  they are interpreted as malignant 
disease[3].

Their aetiology remains unclear. IPTs are known to 
be associated with chronic inflammatory conditions like 
Crohn’s disease[4], autoimmune disorders  related to IgG4[5] 
or infective agents like Escherichia coli[6]. The main location 
in the liver is the right lobe but multifocal IPTs although 
extremely rare have been described as well[7]. In the present 
case, there was multifocal, bi-lobar distribution of  these 
lesions while there was no association with any chronic 
condition. This is first of  its kind case report from our unit 
who performs around 100 liver resections per year.

Diagnosis of  IPT is considered quite difficult since 
the radiological features of  these tumours are often mis-
taken as of  malignant origin[1,8]. Definitive diagnosis is 
only possible following fine needle aspiration cytology 
or core biopsy[9]. Histologically, these tumours appear as 
densely hyalinised structures with dense collagen matrix 
and a whorl like pattern infiltrated by chronic inflamma-
tory cells[10]. Similar histological pattern was observed in 
the present case.

Natural history of  IPT is not well defined since the 
current evidence is mainly after an incidental radiological 
diagnosis which often leads to surgical resection. How-
ever complete spontaneous resolution of  these lesions 
has been also observed within months[10]. Raised values 

of  tumour markers as CA19-9 might confuse further the 
final diagnosis, but this was not observed in our case.

In conclusion, IPT might represent a considerable 
diagnostic challenge requiring high index of  suspicion. 
The characteristic of  spontaneous resolution highlights 
the necessity of  regular, short-term, imaging follow-up in 
order to avoid aggressive unnecessary interventions.

COMMENTS
Case characteristics
A 37-years-old female without any medical co morbidities presented with short 
term history of weight loss and malaise and diagnosed with multiple liver lesions.
Clinical diagnosis
Multiple liver lesions.
Differential diagnosis
Metastatic disease in liver, multifocal hepatocellular carcinoma, inflammatory 
pseudotumour.
Laboratory diagnosis
Bloods results showed derangement of liver function tests with alkaline phos-
phatase of 174 U/L (normal range: 38-126), aspartate transaminase of 40 U/L 
(9-36), alanine transaminase of 43 U/L (10-28), and normal Bilirubin. Erythro-
cyte sedimentation rate was raised at 58 mm/h (2-12). Other blood tests includ-
ing tumour were normal.
Imaging diagnosis
Multiditector computed tomography with a liver protocol demonstrated 5 lesions, 
non-enhancing and of low attenuation highly suspicious of metastatic origin.
Pathological diagnosis
Histopathology revealed a parenchyma of normal architecture but replaced by 
collagenous stroma admixed with inflammation. The stroma was composed of 
dense areas of fibrosis, myofibroblasts and fibroblasts. Immunohistochemistry 
showed positivity of the spindle cells for smooth muscle actin.
Treatment
This patient did not require any treatment as inflammatory pseudo-tumour self-
resolved completely and patient was completely asymptomatic even at 2 years 
follow up.
Related reports
There are very case reports of this particular condition but these lesions are 
more frequently diagnosed because of routine use of cross sectional imaging. 
It is important to be aware of this particular condition to spare patient of major 
surgical procedure.
Experiences and lessons
The biology pathophysiology and disease history of this particular condition is 
not completely known. This case report highlights importance of serial radiologi-
cal examinations and unique place of fine-needle aspiration cytology in diagno-
sis of inflammatory pseudo tumours.
Peer review
This is a brief, easy to read and interesting case report in which the authors 
show a patient with a usual clinical presentation.
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Figure 4  Magnetic resonance imaging of the liver at 2 year follow up dem-
onstrating complete resolution of liver lesions.
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Abstract
Gastrointestinal stroma tumours (GIST) are the most 
common mesenchymal tumour in the digestive tract 
and commonly found in the stomach. The patient de-
scribed in this report presented with collapse and a pal-
pable abdominal mass. He was found to have a large 
gastric GIST that penetrated through the mesocolon. 
Resection of the GIST was technically challenging but 
facilitated by a new generation ultrasonic scalpel de-
vice. In resection of gastric cancer the use of ultrasonic 
scalpels has been shown to reduce operating time, 
blood loss and length of stay. We feel that in technically 
challenging cases of gastric GIST the use of an ultra-
sonic scalpel device may be justified as well.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Gastrointestinal stroma tumours; Ultrasonic 
scalpel; Harmonic; Giant tumour; Stomach

Core tip: This case report about a giant gastric gastroin-
testinal stroma tumours focuses on surgical technique. 
Because of its bulk the giant tumour was penetrating 
through the transverse mesocolon. Dissecting the tu-
mour of the mesocolon and avoiding a concomitant 
colectomy was facilitated by using a new generation 
ultrasonic scalpel device.

Schneider C, Hewin DF. Resection of giant gastric GIST 
with a new generation ultrasonic scalpel device. World J Clin 
Cases 2014; 2(1): 9-11  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i1/9.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i1.9

INTRODUCTION
Gastrointestinal stromal tumours (GISTs) are the most 
common mesenchymal tumour of  the digestive tract. 
Most GISTs are found in the stomach and although 
bleeding is a frequent complication, they usually present 
with non-specific symptoms[1]. We present a case of  a gi-
ant gastric GIST in a patient presenting with collapse and 
a palpable abdominal mass. Intra-operatively the tumour 
was found to penetrate the transverse mesocolon. Resec-
tion of  the GIST without requiring a colectomy was fa-
cilitated using a new generation ultrasonic scalpel device 
(HARMONIC ACE®+).

CASE REPORT
This 71-year-old man with a past medical history of  hy-
pertension and peptic ulcer disease was admitted to the 
local Emergency Department with a sudden onset of  ab-
dominal pain followed by collapse. Clinical examination 
revealed a large epigastric abdominal mass. The patient 
was haemodynamically stable and initial full blood count 
and biochemistry tests were unremarkable. The patient 
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was discharged home and booked in for an ultrasound 
scan (USS), which revealed a large heterogeneous soft 
tissue mass extending from the epigastrium into the pel-
vis. CT scan of  the abdomen and pelvis was performed 
immediately, revealing a large mass inseparable from the 
greater curve of  the stomach and the body of  the pan-
creas. A large proportion of  the tumour had low attenu-
ation indicating cystic change or necrosis. The Radiology 
report concluded that the differential diagnosis should 
include cystadenocarcinoma of  the pancreas, neuroen-
docrine tumour and GIST (Figure 1). The patient was 
urgently referred to the oesophago-gastric department. 
After multi-disciplinary discussion and outpatient review 
the patient was scheduled for surgery. 

Surgery
The operation was performed via a midline laparotomy. 
Intraoperative findings were that of  a large tumour aris-
ing from the greater curve of  the stomach. The tumour 
was firmly attached and penetrating completely through 
the mid-portion of  the transverse mesocolon, without 
invading it. It was difficult to establish a safe plane of  dis-
section between tumour and colonic vessels. At this stage 
the HARMONIC ACE®+ proved valuable as it aided 
in the careful separation of  tumour and mesocolon. A 
novel feature added to the latest generation of  the device 
is the audible “tissue sensing” feedback. As the device is 
activated a constant tone starts, similar to older versions. 
The dissecting shears “sense” when tissues have been 
divided and the quality of  tone changes which signals to 

the surgeon to stop activation of  the device. In our view 
the main benefits of  this feature were reduced heat dis-
sipation thereby enabling us to dissect the tumour off  the 
transverse mesocolon without inadvertently damaging the 
colonic blood supply. There was also a marked increase 
in speed of  dissection as the audible feedback reduced 
the overall activation time during dissection. 

The gastro-colic omentum was divided and the tu-
mour dissected from the mesocolon where possible. 
Several densely adherent branches of  the middle colic 
vessels were sacrificed and the transverse colon checked 
for viability. The tumour was carefully dissected from its 
attachments to the duodenum and pancreas. A standard 
distal gastrectomy with a retrocolic Roux-en-Y recon-
struction was carried out.

The patient made an unremarkable recovery and was 
discharged on the seventh postoperative day. He was re-
admitted on the 19th postoperative day with haemateme-
sis. Gastroscopy was performed and showed ulcerations 
around the staple line of  the gastro-jejunal anastomosis 
but no active bleeding was found. The patient remained 
haemodynamically stable throughout his second admis-
sion and was discharged after two days.

Postoperative outcome
Histopathological macroscopic examination revealed a 
greyish, pale, soft tumour with cystic haemorrhagic and 
necrotic areas. Tumour weight was measured at 2.6 kg 
and dimensions were 19 cm × 18 cm × 16 cm (Figure 2). 
A massive central area of  haemorrhage was noted. On 
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Figure 1  Preoperative computed tomography scan of the abdomen and 
pelvis showing a large mass inseparable from the greater curve of the 
stomach. A: Coronal view; B: Axial view. 
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B

Figure 2  Fully mobilised gastrointestinal stroma tumours attached to the 
distal stomach (A) and Resected specimen (B).



immunostaining the tumour stained positive for KIT (CD 
117) and CD 34. Mitotic rate was seven out of  ten and 
immunostaining for Ki-67 showed an increased prolifera-
tion index of  seven percent. Microscopic examination 
and immunostaining were compatible with a GIST of  
the spindle cell type. Resected lymph nodes did not show 
any metastatic spread. All of  the above histopathological 
findings were congruent with a completely excised GIST 
with high risk for malignant potential. Following further 
multidisciplinary team discussion the patient was referred 
to oncology services for adjuvant chemotherapy.

DISCUSSION
This case highlights an unusual clinical presentation of  
a Gastrointestinal Stromal Tumour and a successful ap-
proach to the intraoperative challenges.

The patient presented with acute collapse and an 
abdominal mass. Only a small number of  GIST present-
ing as a palpable abdominal mass have been reported in 
the world literature[2]. The patients collapse was prob-
ably a result of  an acute bleed into the tumour; however 
no clinical or haematological signs of  haemodynamic 
compromise were evident on presentation to emergency 
services.

The challenges of  the operation described above 
were the large size of  the tumour and the penetration 
of  its bulk through the transverse mesocolon. The tissue 
sensing properties of  the HARMONIC ACE®+ enabled 
us to preserve most of  the middle colic vessels, thereby 
avoiding the added trauma of  a concomitant colectomy.

To our knowledge, use of  an ultrasonic scalpel has 
not been reported in open surgery for gastric GIST, 
however its benefits have been reported in the open re-
section of  gastric cancer. One group found the device to 
decrease operating time, blood loss and operator stress 
during lymphadenectomy[3]. These findings were recently 
confirmed in a trial that, in addition to the above, showed 
a shorter length of  hospital stay and a higher number of  
lymph nodes harvested in the group undergoing gastrec-
tomy with an ultrasonic scalpel[4]. Overall hospitalisation 
costs were found to be equal between the traditional and 
ultrasonic scalpel surgery groups.

This technically challenging case demonstrates that 
utilisation of  the new generation ultrasonic scalpel in 
the open resection of  giant GIST of  the stomach is fea-
sible. The device’s tissue sensing technology may help in 
preserving vital structures and therefore may lessen the 
extent of  resection, reducing morbidity.

COMMENTS
Case characteristics
A technically challenging case of a giant gastric gastrointestinal stromal tumours 
(GIST) resection facilitated by the HARMONIC ACE®+ ultrasonic scalpel.
Clinical diagnosis
A giant gastric GIST presenting with collapse and a palpable abdominal mass.
Differential diagnosis
The main differential diagnosis in a patients presenting with collapse and an 
abdominal mass is an abdominal aortic aneurysm rupture. 
Laboratory diagnosis
Routine blood tests performed on admission included a full blood count, liver 
function tests, urea and electrolytes and C-reactive protein; all of which were 
unremarkable.
Imaging diagnosis
The abdominal ultrasound scan showed a large abdominal mass and computer 
tomography revealed a large tumour inseparable from the greater curve of the 
stomach with a central necrotic area.
Pathological diagnosis
Histopathological macroscopic examination revealed a greyish, pale, soft tu-
mour which on microscopic examination and immunostaining was compatible 
with a GIST.
Treatment
Resection of the GIST was performed via a midline laparotomy and following mul-
tidisciplinary team discussion adjuvant treatment with Imatinib was commenced.
Term explanation 
GIST. Ultrasonic scalpel - a surgical device that cuts and coagulates tissues by 
generating friction.
Experiences and lessons
Dissection in proximity to vulnerable structures may be facilitated by the HAR-
MONIC ACE®+ ultrasonic scalpel.
Peer review
Authors describe a case of a giant gastric GIST respected by HARMONIC 
ACE+ (as stated in the title). The manuscript is well written. Gastric GISTs are 
very well known entity.
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Abstract
We report a case of a traveler who visited Uganda for 8 
d, and took mefloquine one tablet/week for malaria pro-
phylaxis. After the second dose, he suffered from two 
episodes of loss of consciousness with seizures, there-
fore mefloquine was discontinued. During the flight back 
after full recovery, seizures reoccurred while he was on 
board, he was disembarked in Addis Ababa and then 
transferred to Nairobi. After repatriation to Italy, he ex-
perienced four other similar episodes. The patient was 
still on full dose anticonvulsant therapy one year and a 
half after, as any attempt at reduced dose was unsuc-
cessful. Currently, three agents (mefloquine, atova-
quone/proguanil, and doxycycline) are recommended 
for malaria chemoprophylaxis, with similar efficacy but 
different adverse event profiles, regimens, and prices. 
Considering that mefloquine is associated with a higher 
risk of neurologic and psychiatric adverse events than 
the alternative regimens, we suggest considering meflo-
quine as a second line choice after atovaquone/progua-

nil and doxycycline for short-term travelers.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Mefloquine; Neuropsychiatric disorders; 
Epilepsy; Antimalarial chemoprophylaxis; Side effects

Core tip: We report a case of epilepsy due to meflo-
quine chemoprophylaxis. Considering that mefloquine is 
associated with a higher risk of neurologic and psychi-
atric adverse events than the alternative regimens, we 
suggest considering mefloquine as a second line choice 
after atovaquone/proguanil and doxycycline for short-
term travelers.

Gobbi F, Rossanese A, Buonfrate D, Angheben A, Postiglione C, 
Bisoffi Z. Epilepsy triggered by mefloquine in an adult traveler to 
Uganda. World J Clin Cases 2014; 2(1): 12-15  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i1/12.htm  DOI: 
http://dx.doi.org/10.12998/wjcc.v2.i1.12

INTRODUCTION
According to most international guidelines[1-4], atovaquone/
proguanil, doxycycline and mefloquine are all indicated as 
the first choice for the chemoprophylaxis of  Plasmodium 
falciparum malaria. The efficacy of  the three drugs seems 
to be comparable[5], but side effects and costs are dif-
ferent. Although a causal relationship between the drug 
intake and a severe side effect is usually difficult to dem-
onstrate, it is well known that mefloquine is associated 
with a high risk of  neurologic and psychiatric disorders 
(NPD). Weinke et al[6] estimated that one of  13000 travel-
ers receiving mefloquine chemoprophylaxis suffers from 
serious central nervous system reactions. Barrett et al[7], 
in a postal and telephone survey, reported that 0.7% of  
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travelers taking mefloquine had disabling NPD. 
Adverse events related to mefloquine mostly oc-

cur in people with a past history of  seizures or manic-
depressive illness[8], but in literature there are reports of  
cases of  seizures in travelers, with no previous personal 
or family history of  epilepsy, after taking mefloquine for 
treatment[9] or prophylaxis[10]. 

CASE REPORT
A 40-year-old Italian traveler visited Uganda for 8 
d, and took mefloquine one tablet/week for malaria 
prophylaxis. His weight was 70 kg. His clinical history 
was unremarkable and he had no history of  alcohol 
or tobacco abuse. He was vaccinated against yellow 
fever, hepatitis A and tetanus-diphtheria. Upon arrival 
in Kampala, after the second dose of  mefloquine, he 
suffered from two subsequent episodes of  grand mal 
seizure, therefore mefloquine was discontinued. The 
duration of  the two episodes was about 5 min and the 
patient remained unconscious for 10 min. During the 
flight back after full recovery, seizures reoccurred while 
he was on board, so he was disembarked in Addis 
Ababa. One further episode occurred at the airport and 
another one upon urgent admission to the hospital. He 
was then transferred to Kenya Nairobi Hospital under 
suspicion of  meningitis or cerebral malaria (both were 
later ruled out), where he started on phenytoin 100 mg 
twice a day.

After repatriation to Italy, two weeks after the first 
crisis, an electroencephalogram showed diffuse epi-
leptiform abnormalities, while a brain-RM was nega-
tive. Then, he experienced four similar episodes and 
was treated with diazepam. Moreover, phenytoin was 
replaced by levetiracetam 500 mg twice a day. Leveti-
racetam was stopped after 6 mo, but subsequent seizure 
episodes required another course of  anticonvulsivant 
prophylaxis, with sodium valproate 500 mg twice a day. 
The patient was still on full dose anticonvulsant therapy 
one year later, as any attempt at dose reduction was un-
successful. 

DISCUSSION
Currently, three drugs (mefloquine, atovaquone/progua-
nil, and doxycycline) are recommended for malaria che-
moprophylaxis, with similar efficacy but different adverse 
event profiles, regimens, and prices[5]. The choice of  the 
different drugs depends on the levels of  malaria trans-
mission and presence of  drug resistance in the destina-
tion area, on specific characteristics of  the traveler (e.g., 
underlying health conditions, possible pregnancy, com-
pliance to daily/weekly therapies), on the duration and 
purpose of  travel and on costs. Jacquerioz et al[11], in a 
review of  drugs for preventing malaria in travelers, con-
clude that atovaquone-proguanil and doxycycline are the 
best tolerated agents and mefloquine is associated with 

adverse NPD. NPD includes two categories of  symp-
toms: central and peripheral nervous system disorders 
(including headache, dizziness, vertigo, seizures) and psy-
chiatric disorders (including major psychiatric disorders, 
anxiety and sleep disturbances)[12]. Controlled studies 
have shown a significant excess of  NPD in mefloquine 
users[5,13-16]. Moreover, in a recent study, van Essen et al[17] 

suggest that mefloquine disturbs motor learning skills. 
Considering NPD as potentially severe and dangerous 
adverse side effects and the availability of  drugs with 
equivalent efficacy, the new Italian indications for ma-
laria prophylaxis[18] proposed mefloquine as a second line 
choice after atovaquone/proguanil and doxycycline for 
short-term travelers. However, mefloquine keeps play-
ing a fundamental role for specific groups of  travelers: 
pregnant and breastfeeding women, long-term travelers, 
adults and children visiting friends and relatives (VFR)[19]. 
Travelling to malaria endemic areas during pregnancy 
is contraindicated because this disease is an important 
cause of  stillbirth, spontaneous abortion or maternal 
death[20]. However, for pregnant women who cannot 
defer their travel (mostly VFR), mefloquine is the only 
option, as doxycycline is contraindicated in pregnancy 
and, although proguanil is considered safe and no tera-
togenicity has been observed in animal studies using ato-
vaquone, there are no sufficient data about safety of  ato-
vaquone/proguanil. In fact, mefloquine has been proved 
to be safe in the first trimester: according to Schlagen-
hauf  et al[21], birth defect prevalence and fetal loss after 
mefloquine exposure in pregnancy were comparable in 
prospectively monitored cases to background rates. For 
long-term travelers (nonimmunized travelers who visit 
malaria endemic areas for a period of  six mo or longer), 
malaria chemoprophylaxis is controversial. Although the 
risk of  malaria increases with longer stays, the adherence 
to chemoprophylaxis decreases over time. Steffen et al[22] 
reported that compliance with chemoprophylaxis was 
reported by 57.0% of  travellers who spent less than 3 
mo in Africa, compared with 29.2% who stayed for 3-12 
mo. In case chemoprophylaxis is recommended, meflo-
quine, if  well tolerated, remains a good option in alter-
native to doxycycline: the weekly dose facilitates a good 
adherence. Long-term atovaquone/proguanil is now 
registered in Italy, but a long-term chemoprophylaxis 
is too expensive. van Riemsdijk et al[16] found that NPD 
occurred more frequently in females and were more 
common in first-time users. Usually females weigh less 
than males, so we suggest to modulate the mefloquine 
dosage by body weight (i.e., people weighing between 40 
and 60 kg should take 75% of  the tablet)[4]. For a traveler 
who takes mefloquine for the first time, it is advisable to 
start chemoprophylaxis 3 wk before travelling, because 
adverse effects usually appear at the first dose. Lobel et 
al[23] found that the frequency of  these events declined 
with the increasing duration of  prophylaxis. Travelers 
who have taken mefloquine before and had no NPD 
can usually take this drug again. For many VFR families, 
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who stay long in high-risk areas, mefloquine represents a 
good option because of  its low cost and weekly adminis-
tration. Moreover, mefloquine is effective and well toler-
ated in children weighing < 20 kg[24]. Considering that 
mefloquine is often the only drug that can be prescribed 
for young children VFR, because doxycycline is contra-
indicated in children < 8 years and atovaquone/progua-
nil is generally too expensive, mefloquine is considered 
the best option for VFR families. 

In conclusion, we suggest considering mefloquine as 
a second choice for short-term (less than one mo) travel-
ers; however, mefloquine remains a good option, in alter-
native to doxycycline, for long-term travelers and the first 
choice for pregnant women and VFR families.

COMMENTS
Case characteristics
Grand mal seizures after taking mefloquine for malaria prophylaxis.
Clinical diagnosis
The duration of each of the two episodes of grand mal seizures was about 5 
min and the patient remained unconscious for 10 min.
Differential diagnosis
Epilepsy due to other causes.
Imaging diagnosis
Electroencephalogram showed diffuse epileptiform abnormalities, while a brain-
RM was negative.
Treatment
The patient was treated with phenytoin 100 mg twice a day, then with levetirace-
tam 500 mg twice a day, and then with sodium valproate 500 mg twice a day.
Related reports
Adverse events related to mefloquine mostly occur in people with a past history 
of seizures or manic-depressive illness, but in literature there are also reports of 
cases of seizures in travelers who had no previous personal or family history of 
epilepsy, after taking mefloquine for treatment or prophylaxis. 
Experiences and lessons
Authors suggest considering mefloquine as a second choice for short-term (less 
than one mo) travelers; however, mefloquine remains a good option, in alter-
native to doxycycline, for long-term travelers and the first choice for pregnant 
women and visiting friends and relatives families.
Peer review
This article highlights possible severe side effects of mefloquine and suggest to 
consider other drugs as a first choice for malaria chemoprophylaxis.
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Abstract
Gullo’s syndrome is a newly identified condition char-
acterized by a chronic elevation of pancreatic amylase 
and/or lipase in the absence of pancreatic disease. Until 
now, only one case of benign isolated hyperlipasemia in 
children has been recorded. We describe two children 
with benign and not familial increase of serum lipase. 
Case 1: a six year old girl presented with occasional 
discovery of serum lipase elevation. Medical history was 
silent for pancreatic hyperenzymemia. The screening 
for possible causes for elevated lipase (genetic, autoim-
mune and infectious diseases) was normal. The serum 
lipase increased three fold over the upper limit (193 
U/L; reference range 0-60 U/L), with daily fluctuation of 
values. Both ultrasound scan and magnetic resonance 
imaging were normal. The genetic mutation associated 
with chronic pancreatitis was negative. We followed 
up this patient for two years with blood tests every six 
months and she did not show any signs or symptoms 
of pancreatic disease, except for the high level of li-
pase serum. Case 2: an eight year old girl complained 
of nausea, vomiting and severe abdominal pain in the 

epigastric region after eating for the last two weeks. 
Full blood count, electrolytes, C-reactive protein, liver 
and renal function were normal. Serum lipase was 96 
U/L (reference range 0-60 U/L). The screening for the 
possible causes of pancreatic disease was negative. En-
doscopy of the upper gastrointestinal tract, ultrasound, 
computed tomography scan and magnetic resonance 
imaging were normal. One year after the presentation 
of the symptoms, the patient became asymptomatic al-
though the level of serum lipase continued to be high.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Benign hyperlipasemia is a rare condition in 
children. The identification of this condition could be 
very useful for pediatricians in the diagnosis and man-
agement of hyperlipasemia. The cause of pancreatic 
hyperenzymemia seems to be related to a defected 
pathway from the trans-Golgi network to basolateral 
cell membrane. It has been hypothesized that a defect 
in this pathway could be responsible for the increased 
passage of enzymes into circulation. “Gullo’s syndrome” 
remains a diagnosis of exclusion and clinicians still need 
to be vigilant of the wide-ranging conditions that can 
manifest initially with elevations in lipase/amylase. 
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INTRODUCTION
Gullo first described in adults a new syndrome character-
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ized by a benign chronic increase of  serum pancreatic 
enzymes in the absence of  pancreatic or other patholo-
gies[1]. This condition is often familial, although sporadic 
cases have also been described[2]. In another study, the 
same investigator found that this syndrome can also be 
present in children. In the majority of  cases (95%), the 
hyperenzymemia concerns all pancreatic enzymes; in 5% 
of  cases it is possible to observe an increase of  only the 
amylase and rarely of  only the lipase[3]. In this report, we 
describe two pediatric cases of  the rare form of  benign 
hyperlipasemia.

CASE REPORT
Case 1
A six year old girl came to our outpatient department for 
the occasional discovery of  serum lipase elevation with 
normal amylase level during routine blood tests. She was 
third born by normal delivery of  non-consanguineous 
parents. Her medical history was silent except for a sur-
gery because of  funicular hernia when she was one year 
old. There was no familial history of  pancreatic hyperen-
zymemia or of  other relevant diseases. At physical exam, 
her weight, height and body mass index were 20.8 kg, 
123.5 cm and 14 kg/m2 (10th centile), respectively; there 
was no clinical sign of  pancreatic or other diseases. Rou-
tine blood tests were normal (full blood count, serum 
glucose, liver and renal function tests, total and fractioned 
blood bilirubin, blood iron subset and immunoglobulin). 
In order to assess a possible cause for the elevated lipase 
level, the following tests were done: lipid subset, cyto-
megalovirus serology and cultures, Ebstein-Barr, toxo-
plasma, rubella, parvo and herpes virus serology, autoim-
munity profile, including anti-transglutaminase antibodies, 
perinuclear antibodies, antineutrophil cytoplasm and anti-
Saccharomyces cerevisiae antibodies, C-peptide and islet 
cell antibodies, fecal elastase, serum trypsinogen, IgG4 
and sweat analysis; they all were within the normal range. 
Amylase and pancreatic isoamylase as well as serum li-
pase concentrations were determined by an enzymatic 
colorimetric method (Beckman Instruments, Fullerton, 
CA) and the only abnormal parameter was the serum li-
pase, increased three fold over the upper limit (193 U/L, 
reference range: 0-60 U/L), with daily fluctuating values. 
Due to the persistence of  increased lipase, abdominal ul-
trasound scan and magnetic resonance imaging were also 
performed and did not show any pathological signs. The 
genetic mutations associated with chronic pancreatitis, in-
cluding mutations for autosomal recessive cystic fibrosis 
transmembrane conductance regulator (CFTR) [by two 
validated commercial kits (INNO-LiPA CFTR 19 and 
INNOLiPA CFTR 17 Tn polymorphism, Innogenetics 
N.V., Ghent, Belgium), which simultaneously detect 36 
mutations and the Tn polymorphism], autosomal domi-
nant PRSS1 and pancreatic trypsin SPINK1, were also 
negative, such as the familial screening for pancreatic hy-
perenzymemia. Having ruled out all the common causes 
of  hyperlipasemia, we decided to follow up this patient 
with blood tests every six months. For the entire 2 years 

of  follow up, the child did not show signs or symptoms 
of  pancreatic or other diseases, and blood tests as well as 
the ultrasound morphology of  her pancreas continued to 
be normal, except for blood lipase levels that fluctuated 
widely during the whole period of  follow up [lipase me-
dian value: 194 U/L (reference range: 0-60 U/L) (range: 
179-218 U/L); mean ± SD: 195.8 ± 12.9 U/L. Pancreatic 
isoamylase median value: 34.5 U/L (reference range) (0-46 
U/L) (range: 30-43 U/L); mean ± SD: 35.2 ± 4.5 U/L]. 

Case 2
An eight year old girl was referred to our outpatient 
clinic for abdominal pain for the last two weeks. She 
complained of  nausea, vomiting and severe abdominal 
pain of  short duration localized at the epigastric region, 
occurring mainly after eating; there was no history of  
abdominal trauma. On medical examination, she was afe-
brile, the abdomen was slightly distended and tender; her 
weight, height and body mass index were 25 kg, 130 cm 
and 14.8 (25th centile), respectively. No weight loss pre-
ceded the onset of  pain. To exclude organic causes, the 
following investigations were performed and were nor-
mal: full blood count, liver and renal function tests, serum 
glucose and electrolytes, total cholesterol and fractions, 
erythrocyte sedimentation rate and C-reactive protein. 
Serum amylase and lipase concentrations were 124 U/L 
(reference range 0-46 U/L) and 96 U/L (reference range 
0-60 U/L), respectively. Salivary isoamylase and urinary 
amylase were normal. Amylase became normal in the fol-
lowing five days, while lipase concentrations remained el-
evated (4-5 fold above the reference value). The diagnos-
tic work-up for pancreatic diseases was started and all the 
following tests returned within normal range: serology 
for infective diseases, autoimmunity, fecal elastase, serum 
trypsinogen, IgG4, sweat test and genetic markers for 
chronic pancreatitis. Endoscopy of  the upper gastrointes-
tinal tract with antral and duodenal biopsies did show any 
alteration to the esophagus, stomach and duodenal bulb. 
Morphological assessment (ultrasound scan and magnetic 
resonance imaging) showed normal pancreatic paren-
chyma and biliary and pancreatic tree. Familial screening 
for pancreatic hyperenzymemia was also negative.

During hospitalization, the child recovered from 
the abdominal pain in the following two days; however, 
the serum level of  lipase remained elevated although it 
fluctuated. One year after presentation, the patient be-
came asymptomatic although the serum lipase remained 
elevated [lipase median value: 240 U/L (reference range: 
0-60 U/L) (range: 96-480 U/L); mean ± SD: 264 ± 166.6 
U/L. Pancreatic isoamylase median value: 41.5 U/L (ref-
erence range 0-46 U/L) (range: 37-124); mean ± SD: 264 
± 166.6 U/L]. 

DISCUSSION
Pancreatic hyperenzymemia is a rare finding in children; it 
can be due to different pathological conditions, the most 
frequent being acute or chronic pancreatitis[4,5]. Other 
causes of  serum lipase elevation have been identified in a 
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number of  conditions, such as acute cholecystitis, Gilbert 
syndrome, hypertrigliceridemia, intestinal infarction, duo-
denal ulcer, obstruction or inflammatory bowel disorders, 
liver diseases, abdominal trauma[6], diabetes ketoacidosis[7] 
and renal insufficiency (Table 1)[8].

Interestingly, Gullo et al[2] have recently shown the ex-
istence of  a benign pancreatic hyperenzymemia defined 
as an abnormal increase in serum pancreatic enzymes 
that occurs in healthy adults or children in the absence 
of  pancreatic or other disease; it is asymptomatic and 
persists over time with considerable fluctuation in serum 
enzyme concentrations. At least 1-2 years must pass after 
the initial finding of  the hyperenzymemia before it can 
be considered benign. It can be familial (when the patient 
has at least one family member with the same anomaly) 
or sporadic. The authors studied this condition in 15 chil-
dren with hyperenzymemia. Among them, 13 were found 
with high levels of  all pancreatic enzymes, one with 
normal range of  enzymes, and only one was found with 
an increased level of  the only lipase. The condition was 
familial in 12 children and sporadic in three of  them. To 
our knowledge, there are no other studies in children re-

porting the isolate benign increase of  serum lipase, while 
two studies recorded one case each of  familial hyperamy-
lasemia[9,10].

In this report, we described the second two cases in 
the literature of  benign hyperlipasemia. During the whole 
period of  follow-up, the two children did not present 
with any signs or symptoms of  pancreatic or other dis-
eases, and blood tests as well as the ultrasound morphol-
ogy and the imaging study of  their pancreas remained 
normal, showing the benign nature of  this abnormality. 
A limitation of  the present case report may be the non-
availability of  the nasal potential difference test for the 
diagnosis of  subclinical form of  cystic fibrosis, although 
genetic screening and sweat analysis were negative. In the 
second case, initial elevations of  both amylase and lipase 
with ongoing persistence in lipase may suggest a pan-
creatic origin, but not detectable based on limitations of  
current available tests. It is important to point out that, 
even if  rarely (1%-2% of  cases), an apparently benign 
pancreatic hyperenzymemia can be the first clinical sign 
of  a pancreatic tumor, which may declare itself  in the fol-
lowing years[2].
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  Causes Suggested work-up

  Pancreatic diseases Full blood count, erythrocyte sedimentation rate, PCR, immunoglobulin
  Drugs Liver function tests
  Infections Fecal elastase
  Tumors Serum trypsinogen
  Autoimmunity IgG4
  Trauma Cytomegalovirus serology and cultures, Ebstein-Barr, toxoplasma, rubella, parvo and herpes virus serology 
  Anatomic anomalies Sweat analysis
  Gene mutation Genetic analysis (CFTR, PRSS1, SPINK1)
  Cystic fibrosis US 
  Viral hepatitis CT scan
  Surgery
  Biliary diseases Full blood count, erythrocyte sedimentation rate, PCR, immunoglobulin
  Biliary lithiasis US scan
  Anatomic anomalies Cholangio-pancreatographic MRI
  Tumors
  Sphincter Oddi dysfunction
  Macroenzymemia Full blood count, erythrocyte sedimentation rate, PCR, immunoglobulin
  Celiac disease Liver function tests
  Inflammatory bowel 
  disease

Autoimmune profile: anti-transglutaminase, perinuclear, antineutrophil cytoplasm and anti-Saccharomyces cerevisiae, and 
islet cell antibodies.

  Autoimmune diseases US scan
  Liver diseases
  Lymphoma
  Thyroid cancer
  Renal diseases Full blood count, erythrocyte sedimentation rate, PCR, immunoglobulin
  Inflammatory Renal function tests
  Neoplastic US scan
  Impaired renal function
  Others Full blood count, erythrocyte sedimentation rate, PCR, serum glucose
  Peptic ulcer Serum cholesterol and triglycerides
  Paravaterian diverticulum US scan
  Intestinal obstruction EGDS
  Dyslipidemia
  Diabetic ketoacidosis
  Malignancy

Table 1  Principal causes for increased serum levels of pancreatic enzymes 

US: Ultrasound; CT: Computed tomography; CFTR: Cystic fibrosis transmembrane conductance regulator; MRI: Magnetic resonance imaging; EGDS: 
Esophagogastroduodenal endoscopy; PCR: Polymerase chain reaction.

Lionetti E et al . Hyperlipasemia: a benign or malignant condition?



19 January 16, 2014|Volume 2|Issue 1|WJCC|www.wjgnet.com

and duodenal biopsies did show any alteration to the esophagus, stomach and 
duodenal bulb.
Related reports
It is very important to know this condition because an apparently benign pan-
creatic hyperenzymemia can be the first clinical sign of a different pathological 
condition. 
Experiences and lessons
Benign hyperlipasemia remains a diagnosis of exclusion and clinicians still 
need to be vigilant of the wide-ranging conditions that can manifest initially with 
elevations in lipase/amylase.
Peer review
This report describes the second two cases in the literature of benign hyperli-
pasemia but a larger cohort and longer follow-up are needed to better under-
stand the natural history of this condition.
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In our experience, these cases were sporadic, con-
sidering that familial enzymes were normal. The cause 
of  pancreatic hyperenzymemia and the reason for its 
fluctuating behavior is not known. It has been shown 
that there is a direct, constitutive-like pathway from the 
trans-Golgi network to the basolateral cell membrane, by 
which newly synthesized enzymes reach the circulation. It 
has been hypothesized that a defect in this pathway could 
be responsible for the increased passage of  enzymes into 
circulation[2].

The fluctuating behavior could depend on the degree 
of  the cellular defect, with the passage of  enzymes being 
sporadic when the defect is mild and more frequent when 
it is more severe or extensive[2].

“Gullo’s syndrome” remains a diagnosis of  exclusion 
and clinicians still need to be vigilant of  the wide-ranging 
conditions that can manifest initially with elevations in 
lipase/amylase. However, clinicians should be aware that 
failing to diagnose the cause, the condition of  idiopathic 
hyperlipasemia (or hyperamylasemia) can be diagnosed 
and is usually associated with a benign course. According 
to Gullo, we believe that the knowledge of  this condi-
tion should be helpful to the pediatrician in diagnosis 
and management, assuring the clinician and alleviating 
the concern of  the child’s parents[1]. A larger cohort of  
patients and longer follow-up are needed to evaluate the 
exact proportion of  this clinical chemical constellation 
and to better understand the etiology, natural history and 
the real benign nature of  this condition.
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Abstract
We present the case of a 74 year old woman suffering 
from severe mitral valve incompetence and rapid atrial 
fibrillation. After an appropriate vitamin K antagonist 
(VKA) therapy, the patient underwent mitral valve re-
placement by bioprosthesis. Then, the patient was re-
hospitalized for jaundice. Suspecting hepatotoxicity, 
VKA was discontinued and fondaparinux was started. 
During this treatment, the patient developed a symp-
tomatic atrial thrombus. After exclusion of a hepatic 

disease, VKA was re-established with hemodynamic 
and liver enzymes normalization and atrial thrombus 
resolution. Caution has to be used when considering 
fondaparinux as an alternative strategy to VKA in pa-
tients with multiple thrombotic risk factors.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Mitral valve; Thrombus; Prosthetic valve; 
Atrium; Hepatotoxicity

Core tip: Thromboembolism represents an important 
complication following heart valve replacement. This 
case report shows that although vitamin K antagonist 
(VKA) treatment represents the elective therapy in pa-
tients with left atrial thrombosis without mitral valve 
dysfunction, it may not be sufficient to avoid thrombo-
genesis. We also recommend that the discontinuation 
of VKA during the first three months after mitral valve 
surgery has to be carefully considered, especially in 
high thromboembolic risk patients.

Rosa GM, Parodi A, Dorighi U, Carbone F, Mach F, Quer-
cioli A, Montecucco F, Vuilleumier N, Balbi M, Brunelli C. 
Left atrial thrombosis in an anticoagulated patient after bio-
prosthetic valve replacement: Report of a case. World J Clin 
Cases 2014; 2(1): 20-23  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i1/20.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i1.20

INTRODUCTION
Thromboembolism represents an important complica-
tion following heart valve replacement. The international 
guidelines on the management of  valvular heart disease 
recommend postoperative anticoagulation therapy (AT)[1]. 
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While mechanical valves require lifelong anticoagula-
tion therapy, bioprosthetic valve (BV) recipients can 
avoid long-term use. Owing to the higher frequency of  
thromboemboli in the first 3 mo after BV insertion, three 
months of  AT is recommended for patients not receiving 
antithrombotic therapy, especially for those who undergo 
bioprosthetic mitral valve replacement[2]. However, in the 
presence of  atrial fibrillation (AF), heart failure and im-
paired LV function (ejection fraction < 30%), AT has to 
be continued for life. 

CASE REPORT
A 74 year old woman with a history of  valvular rheumatic 
disease, acute myocardial infarction, autoimmune throm-
bocytopenia and paroxysmal atrial fibrillation presented 

with palpitations and rapid worsening of  dyspnea. She 
was on antithrombotic therapy with acetylsalicylic acid. 
EKG showed rapid atrial fibrillation. Transthoracic echo-
cardiography (TTE) demonstrated severe mitral valve 
incompetence and mild stenosis, enlarged left atrium and 
right chambers, and severe tricuspid regurgitation (Figure 
1A). Appropriate vitamin K antagonist (VKA) therapy 
was administered. 

Transesophageal echocardiography (TEE) showed no 
thrombus in the left atrium (LA) or in the left atrial ap-
pendage (Figure 1B). Since the pharmacological therapy 
was unable to control the rhythm, the patient was suc-
cessfully submitted to electrical cardioversion. Five weeks 
later, the patient underwent mitral valve replacement by 
Carpentier-Edwards Perimount Magna bioprosthesis 
(Edwards Lifesciences, Irvine, CA, United States) and tri-
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Figure 1  Echocardiographic image. A: Left parasternal long axis transthoracic echocardiography; B: Upper transesophageal views of the aortic valve in short axis; C: 
Left parasternal long axis transthoracic echocardiography; D: Upper transesophageal views of the aortic valve in short axis; E: Left parasternal long axis transthoracic 
echocardiography. LA: left atrium.
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cuspid valve annuloplasty. 
In June 2012, the patient was re-admitted because of  

jaundice and abdominal pain. EKG showed atrial fibrilla-
tion. Liver and biliary tract diseases were ruled out despite 
hyperbilirubinemia and cholestasis indexes (bilirubin was 
15.63 mg/dL, γ-glutamyltransferase 1638 U/L, alkaline 
phosphatase 621 U/L, aspartate aminotransferase 30 U/
L, alanine aminotransferase 63 U/L). VKA was discon-
tinued due to suspected hepatotoxicity and fondaparinux 
was subcutaneously administered (5.0 mg/d). Due to 
peripheral edema, jugular turgor and hepatomegaly, TTE 
was repeated over the following days. We found a mass 
stratified on all the atrial walls (Figure 1C). TEE con-
firmed that the image was suggestive of  thrombus (Figure 
1D). Diagnostic workup excluded a thrombophilic state, 
viral/autoimmune liver disease, cancer or biliary duct 
pathology. In the first days of  July 2012, VKA treatment 
was re-started and fondaparinux was stopped. In August 
2012, the patient showed hemodynamic stability and nor-
malization of  the liver function and enzymes, while TTE 
excluded the presence of  a thrombus in the left atrium 
(LA) (Figure 1E). During 5 mo of  follow up, the patient 
remained asymptomatic. 

DISCUSSION
Unlike mechanical heart valves, BV insertion is associated 
with a very low rate of  thrombosis (approximately 0.03% 
per year)[3]. After BV implantation, AT is recommended 
for the first 3 mo and for life only in the presence of  
atrial fibrillation, heart failure, impaired left ventricular 
function or history of  thromboembolism. Currently, the 
only oral drugs approved for AT are VKAs. 

There is no scientific evidence that the new oral anti-
thrombotic agents (e.g., dabigatran, rivaroxaban and apix-
aban) are effective in these patients. Nevertheless, these 
drugs could represent a new interesting option because 
of  their elevated safety and efficacy due to their phar-
macodynamic profile and the absence of  drug-to-drug 
interactions. The only possible alternatives to VKAs are 
unfractionated heparin (UFH) and low molecular weight 
heparins (LMWHs), but they must be administered intra-
venously or subcutaneously[1]. Our patient was admitted 
nearly 40 d after mitral valve surgery when anticoagula-
tion therapy is considered mandatory. Since she was at 
high thrombotic risk (e.g., age, left ventricular dysfunc-
tion, atrial fibrillation, left atrial enlargement with atrial 
contractile failure), on the basis of  the current guidelines, 
she should have continued AT indefinitely. This treat-
ment strategy is mandatory for the primary prevention 
of  cardioembolic ischemic stroke in patients with cardiac 
disorders (such as atrial fibrillation). Cardioembolic stroke 
is considered a high-risk complication and it represents 
the subtype of  ischemic infarct with the highest in-hospi-
tal mortality (20%)[4].

Clinical practice shows that VKA therapy is very ef-
fective but long-term administration may be difficult, 
especially in elderly patients due to the variability in drug 

metabolism, drug-drug and drug-food interactions, pa-
tient compliance and risk of  bleeding events.

The beginning of  VKA therapy is burdened by a pro-
thrombotic state, so we associated LMWH for few days 
until reaching the international normalized ratio (INR 
target), as recommended by international guidelines to 
avoid thromboembolism.

Our case confirmed this aspect: INR was 4.6 follow-
ing heart surgery and 1.5 at re-hospitalization after four 
weeks of  therapy at home. Thus, we had to improve anti-
coagulation by VKA therapy but our concern was related 
to the increased bilirubin levels and cholestatic indexes 
suggestive of  an acute hepatitis with liver damage. 

First of  all, we excluded the most frequent causes of  
acute liver disease. No evidence of  viral hepatitis, chole-
lithiasis and no use of  hepatotoxic drugs or toxin inges-
tion were found. Thus, we theorized that the cause of  
increased bilirubinemia and cholestatic index levels could 
be related to the right heart failure with hepatic blood 
stasis and secondary liver dysfunction.

On the other hand, in accordance with previous re-
ports[5], we did not continue administering VKAs. Fur-
thermore, we could not administer UFH or LMWH due 
to the history of  immune thrombocytopenia and, more-
over, we found some reports of  LMWH-induced hepa-
totoxicity. Thus, we decided to administer fondaparinux. 
We found little evidence (two experimental models[6,7] 
and a case report[8]) supporting the administration of  
fondaparinux (7.5 mg once per day) to prevent thrombo-
sis in patients with mechanical heart valves. At that time, 
we speculated on the potential usefulness of  a concomi-
tant antiplatelet therapy (APT). However, we excluded 
this option considering that there was no evidence of  im-
proved efficacy and only an increased hemorrhagic risk.

During an echocardiogram that was carried out to in-
vestigate the clinical signs of  right heart failure, we found 
a giant left atrial thrombosis.

These findings, together with the normalization of  
the hepatobiliary function indexes, suggested to us to 
discontinue fondaparinux and re-start VKA treatment. 
Another issue supporting this therapeutic strategy was 
represented by the concomitant presence of  atrial throm-
bosis without valve dysfunction.

After one month of  correct VKA therapy (INR tar-
get: 2-3), we not surprisingly found a normally function-
ing prosthetic valve, accompanied by the resolution of  
atrial thrombosis. Whether oral anticoagulation may result 
in the lysis of  a thrombus is not clear. Studies carried out 
for cardioversion in atrial fibrillation have shown that 3-4 
wk of  warfarin therapy leads to complete resolution of  
atrial thrombi in 80%-90% of  cases without evidence of  
clinical thromboembolism or residual organized adher-
ent thrombus[9]. In our patient, this thrombus remodeling 
may have favored its re-absorption. 

Although VKA treatment represents the elective ther-
apy in patients with left atrial thrombosis without mitral 
valve dysfunction, this case shows that it may be not suit-
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able for avoiding thrombogenesis. This case shows that 
in very high thromboembolic risk patients, VKA therapy 
never must be discontinued.

This case also suggests that discontinuation of  VKAs 
during the first three months after mitral valve surgery 
has to be carefully considered, especially in high throm-
boembolic risk patients. Although we used fondaparinux 
as an alternative strategy, the efficacy of  this drug re-
quires further validation in larger clinical trials. 

COMMENTS
Case characteristics
A 74 year old woman with high thromboembolic risk (including atrial fibrilla-
tion and previous mitral valve replacement) presented with peripheral edema, 
jugular turgor and hepatomegaly after withdrawal of the vitamin K antagonist, 
replaced by fondaparinux.
Clinical diagnosis
Left atrial thrombus and right heart failure.
Differential diagnosis
Left atrial thrombus spontaneous formation or promoted by vitamin K antagonist 
withdrawal.
Laboratory diagnosis
The metabolic panel that led to the vitamin K antagonist withdrawal showed an 
increase of bilirubinemia (total bilirubin 15.63/dL), γ-glutamyltransferase (1638 
U/L), alkaline phosphatase (621 U/L), aspartate aminotransferase (30 U/L) and 
alanine aminotransferase (63 U/L).
Imaging diagnosis
Transthoracic echocardiography found a left atrial mass consistent with a 
thrombus. Transesophageal echocardiography confirmed this insight.
Treatment
The re-initiation of therapy with the vitamin K antagonist led to complete throm-
bus resolution.
Related reports
Potential liver toxicity induced by the vitamin K antagonist should be considered 
in clinical practice due to the wide distribution of this drug. 
Experiences and lessons
In expectation of new oral antithrombotic agents, the vitamin K antagonist 
remains the first choice for preventing thrombotic event in high-risk patients. In 
addition, these patients require a long-term therapy.
Peer review
This article recommends a long-term anticoagulant therapy in high-risk patients 
and identifies the vitamin K antagonist as the most effective drug.
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Abstract 
Jejunogastric intussusception is a rare long term com-
plication of Billroth Ⅱ gastrectomy. The case reported 
here is a 50 year old man with history of a Billroth Ⅱ 
gastrectomy and Braun’s side-to-side jejunojejunal 
anastomosis who presented with hematemesis. On 
abdominal examination, there was a mass in the left 
iliac fossa. Computed tomography scan showed a ret-
rograde jejunogastric intussusception across the gas-
trojejunostomy. On laparotomy, a retrograde intussus-
ception of the distal jejunum through the jejunojejunal 
anastomosis and across the gastrojejunostomy with a 
gangrenous intussusceptum was found. The jejunojeju-
nal anastomosis was taken down, the gangrenous seg-
ment was resected and bowel continuity was restored 
with two jejunojejunal anastomoses, proximal and 
distal to the gastrojejunostomy. The gastrojejunostomy 
was preserved. This case brings out an unusual type of 
retrograde gangrenous intussusception which occurred 
at two points of a previous anastomosis, i.e. , jejuno-
jejunostomy and gastrojejunostomy simultaneously, 
which could be managed with jejunal resection.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Retrograde; Intussusception; Billroth Ⅱ 
gastrectomy; Jejunojejunostomy

Core tip: Retrograde jejunojejunal and jejunogastric 
intussusceptions are rare. The occurrence of retrograde 
intussusception across two anastomoses has not been 
reported in the literature. A high index of suspicion and 
timely investigations like an esophagogastroscopy or a 
computed tomography scan will help to clinch the di-
agnosis early. Emergency surgical intervention can help 
to prevent clinical deterioration and save the life of the 
patient. We would like to emphasize the fact that a high 
index of clinical suspicion should be maintained in pa-
tients with gastroenteric anastomosis who present with 
hematemesis for the possibility of a retrograde jejuno-
gastric intussusception; the results can be gratifying.

Gopal R, Elamurugan TP, Hage S, Muthukumarassamy R, Kate V. 
Retrograde jejunogastric intussusception following Braun’s jeju-
nojejunostomy. World J Clin Cases 2014; 2(1): 24-26  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i1/24.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i1.24

INTRODUCTION
Retrograde jejunogastric intussusception is a potentially 
fatal complication of  Billroth Ⅱ gastrectomy[1,2]. It is a 
rare complication of  this procedure, with only just over 
200 cases reported[2]. Retrograde jejunogastric intussus-
ception can present with varied clinical presentations, like 
abdominal pain, vomiting, hematemesis, gastric outlet 
or intestinal obstruction and gangrene gut[1,3-6]. There 
are limited case reports of  jejunojejunal intussusception 
through a Braun’s jejunojejunostomy in cases of  total 
gastrectomy[7]. To the best of  our knowledge, there are 
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no reported cases of  hematemesis presenting in a patient 
with retrograde jejunogastric intussusception through a 
Braun’s jejunojejunostomy. We present a case that brings 
out an unusual type of  retrograde gangrenous intussus-
ception which occurred across two points of  previous 
anastomosis, i.e., jejunojejunostomy and gastrojejunos-
tomy simultaneously, and presented with hematemesis.

CASE REPORT
A 50 year old gentleman who had undergone a Billroth 
Ⅱ gastrectomy and Braun’s side-to-side jejunojejunal 
anastomosis five years ago for gastric outlet obstruction 
presented to our emergency department with a one day 
history of  hematemesis. He had five episodes of  vomit-
ing altered blood. He gave no history of  anything similar 
in the past. The patient was hemodynamically stable. Ab-
dominal examination did not show any peritoneal signs. 
An 8 cm × 8 cm mass was palpable in his left iliac fossa. 
There was no palpable hepatosplenomegaly. An upper 
gastrointestinal endoscopy was attempted but visualiza-
tion was poor due to the pooled altered blood. An emer-
gency computed tomography (CT) scan of  the abdomen 
revealed a retrograde intussusception of  the jejunum into 
the stomach across the gastrojejunostomy (Figure 1). 
The patient was stabilized and taken up for emergency 
laparotomy. The findings of  the CT scan were confirmed 
intraoperatively. The patient had a gastrojejunostomy and 
a diverting Braun’s side-to-side jejunojejunal anastomosis. 
The efferent limb of  the jejunum distal to the jejunojeju-
nal anastomosis was seen telescoping across the jejuno-
jejunostomy (Figure 2A) into the stomach through the 
gastrojejunostomy. Schematic representation of  the nor-
mal anatomy and the retrograde intussusception is shown 
in Figure 3. The intussuscepted segment was gangrenous 
(Figure 2B) and there was around 500 mL of  altered 
blood in the stomach but there was no obvious peritoneal 
contamination. The rest of  the bowel, including the in-
tussuscipiens segment, appeared viable. The jejunojejunal 
anastomosis was taken down and the contents reduced. 
The gangrenous segment of  the jejunum was resected 
and the gastrojejunostomy was preserved. The bowel 

continuity was restored with two jejunojejunal anastomo-
ses, one proximal and one distal to the gastrojejunostomy. 
A Witzel’s type of  feeding jejunostomy was placed distal 
to the second anastomotic line in the efferent loop. The 
postoperative period was uneventful. The patient’s bowel 
activity returned to normal on the fourth postoperative 
day. He was initially started on jejunostomy feeds on the 
fifth postoperative day, on oral diet in the second postop-
erative week and discharged from hospital after removal 
of  the feeding jejunostomy tube. The patient was asymp-
tomatic at the first and second month follow-up visits.

DISCUSSION
Retrograde jejunojejunal and jejunogastric intussuscep-
tions are rare but dangerous long term complications of  
Billroth Ⅱ gastrectomy and gastrojejunostomy. Jejunogas-
tric intussusception is more common than the jejunojeju-
nal variety[8]. There have also been reports of  retrograde 
intussusception in patients who have undergone Roux-
en-Y gastrointestinal anastomosis after gastrectomy[9] but 
the occurrence of  retrograde intussusception across two 
anastomoses has not been reported in the literature. A 
high index of  suspicion and timely investigations like an 
esophagogastroscopy or a CT scan will help to clinch the 
diagnosis early. Emergency surgical intervention can help 
to prevent clinical deterioration and save the life of  the 
patient[2]. All the reported cases of  retrograde intussus-
ceptions of  jejunum into the stomach through a gastroje-
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Figure 1  Computed tomography scan of the abdomen showing the intus-
susceptions of jejunum into the stomach via the gastrojejunostomy.

Figure 2 Intraoperative pictures. A: Showing the distal jejunum telescoping 
into the proximal limb across the Braun’s jejunojejunal anastomosis; B: Showing 
the gangrenous intussusceptum after it was reduced from the proximal jejunum.
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junostomy have been managed by emergency laparotomy 
and appropriate resection procedures. In our case also, 
the relatively early presentation, the clinical suspicion and 
timely imaging helped in the early diagnosis and proper 
management and survival of  the patient. We would like 
to emphasize the fact that a high index of  clinical suspi-
cion should be maintained in patients with gastroenteric 
anastomosis who present with hematemesis for the pos-
sibility of  a retrograde jejunogastric intussusception; the 
results can be gratifying.

COMMENTS
Case characteristics
A 50 year old man with history of a Billroth II gastrectomy and Braun’s side-to-
side jejunojejunal anastomosis presented with hematemesis and mass in the 
left iliac fossa. 
Clinical diagnoses
Unusual type of retrograde gangrenous intussusception which occurred at two 
points of previous anastomosis, i.e., jejunojejunostomy and gastrojejunostomy 
simultaneously.
Differential diagnosis
Clinical examination, upper gastrointestinal endoscopy and imaging methods 
can help in arriving at the diagnosis. 
Imaging diagnosis
Computed tomography scan showed a retrograde jejunogastric intussusception 
across the gastrojejunostomy. 
Treatments
The jejunojejunal anastomosis was taken down, the gangrenous segment of 
jejunum was resected and bowel continuity was restored with two jejunojejunal 
anastomoses, proximal and distal to the gastrojejunostomy.
Term explanation
Braun’s gastrojejunostomy: gastrojejunostomy with diverting jejunojejunal 
anastomosis.
Experiences and lessons
A high index of clinical suspicion should be maintained in patients with gas-

troenteric anastomosis who present with hematemesis for the possibility of a 
retrograde jejunogastric intussusception.
Peer review
This is an interesting subject with very good pictures.
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2307-8960, DOI: 10.12998) is a peer-reviewed open access (OA) aca-
demic journal that aims to guide clinical practice and improve diagnos-
tic and therapeutic skills of  clinicians.

Aim and scope
The primary task of  WJCC is to rapidly publish high-quality Auto-
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Abstract
According to the current definition of neuropathic pain 
(“pain arising as a direct consequence of a lesion or 
disease affecting the somatosensory system”), the 
demonstration of a lesion or disease involving the so-
matosensory system is mandatory for the diagnosis of 
definite neuropathic pain. Although several methods 
are currently available for this aim, none is suitable 
for every type of disease (or lesion). Neurodiagnostic 
skin biopsy (NSB) is a relatively new technique for the 
diagnosis of peripheral nerve lesions. It is an objective 
method, completely independent from the patient’s 
complaining, based on immunohistochemical staining 
techniques that allow measurement of the density of 
the epidermal nerve fibers, currently considered the 
free nerve endings of small diameter (A-delta and C) 
afferent fibers. NSB has the important property of be-
ing used to investigate the skin, allowing obtaining a 
diagnosis of small fiber axonal neuropathy of periph-
eral nerves supplying every body part covered by skin. 
This feature appears to be very important, particularly 
in cases of unilateral nerve lesions, because it allows 
going beyond the possibilities of neurophysiological 
tests which are available only for a limited number of 
peripheral nerves. All these characteristics make NSB a 
precious instrument for the diagnosis of peripheral uni-

lateral neuropathic pain.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Skin biopsy; Neuropathic pain; Diagnosis; 
Peripheral nerve lesion; Innervation

Core tip: The demonstration of a lesion or disease in-
volving the somatosensory system is mandatory for the 
diagnosis of definite neuropathic pain. Unfortunately, 
none of the currently available methods is suitable for 
every type of nerve lesion. Neurodiagnostic skin biopsy 
(NSB) is an objective method to measure the density 
of epidermal sensory small fibers. In case of unilateral 
nerve lesions, it goes beyond the diagnostic possibili-
ties of neurophysiological tests, allowing the diagnosis 
of axonal neuropathies of peripheral nerves supplying 
every body part covered by skin. For these reasons, 
NSB represents a precious tool for the diagnosis of pe-
ripheral unilateral neuropathic pain.

Buonocore M. Unilateral peripheral neuropathic pain: The 
role of neurodiagnostic skin biopsy. World J Clin Cases 
2014; 2(2): 27-31  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i2/27.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i2.27

UNILATERAL NEUROPATHIC PAIN
In 2008, the special interest group for neuropathic pain 
of  the International Association for the Study of  Pain 
(IASP) proposed a new definition of  neuropathic pain: 
“pain arising as a direct consequence of  a lesion or dis-
ease affecting the somatosensory system”[1]. This new 
definition was accepted by the IASP and is now largely 
used all over the world. According to it, neuropathic pain 
conditions have several possible mechanisms which ex-

MINIREVIEWS

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.12998/wjcc.v2.i2.27

27 February 16, 2014|Volume 2|Issue 2|WJCC|www.wjgnet.com

World J Clin Cases  2014 February 16; 2(2): 27-31
 ISSN 2307-8960 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

World Journal of
Clinical CasesW J C C



press different phenotypes and clinical presentations. On 
this basis, neuropathic pain has to be divided into at least 
central and peripheral neuropathic pain, depending on 
which part of  the nervous system is involved. Peripheral 
neuropathic pain is sustained by peripheral nerve lesions 
that can have various types of  presentation[2]. In particu-
lar, among the multiform pathophysiological expressions, 
one of  the main differences is based on symmetrical or 
asymmetrical pathology sustaining the painful clinical 
syndromes. Nerve lesions associated with neuropathic 
pain can indeed be symmetrical, e.g., polyneuropathies, 
or asymmetrical, e.g., herpes zoster neuropathy. Although 
there are well-documented contralateral effects following 
a painful lesion[3], only asymmetrical nerve lesions sustain 
the so-called unilateral neuropathic pain. 

Several forms of  unilateral peripheral nerve lesions 
are possible[2,4]. They can be roughly divided into mono-
neuropathies, radiculopathies and plexopathies. The most 
common clinical presentation is mononeuropathy, i.e., a 
lesion involving only one peripheral nerve, such as the 
median nerve lesion in the carpal tunnel syndrome. An-
other common clinical presentation of  unilateral periph-
eral nerve lesion is radiculopathy, a frequent consequence 
of  an intervertebral disk herniation or other pathologies 
of  the lumbar or cervical spine. Plexopathies are rarer 
than other unilateral nerve lesions, the most frequent be-
ing brachial plexopathy, commonly caused by trauma or 
disorders involving neighboring structures.

CLINICAL NEUROPHYSIOLOGICAL TESTS 
FOR THE DIAGNOSIS OF UNILATERAL 
PERIPHERAL NERVE LESIONS
In cases of  suspected peripheral unilateral neuropathic 
pain, in order to demonstrate the presence of  a periph-
eral nerve lesion sustaining the painful condition, the 
first diagnostic step following the clinical examination is 
usually the execution of  neurophysiological tests, in par-
ticular electromyography (EMG) and electroneurography 
(ENG or nerve conduction studies)[5-8]. Unfortunately, 

those tests have two major limitations. The first is the 
impossibility of  using them in every part of  the body (e.g., 
the trunk) and the second is the fact that they investigate 
only large diameter fiber functions, part of  the lemnis-
cal system which is only one of  the two tracts of  the 
somatosensory system, the lesion (or disease) of  which is 
mandatory for the diagnosis of  neuropathic pain[1]. An-
other possible tool to test the function of  peripheral large 
diameter/lemniscal fibers are somatosensory evoked 
potentials[7,9,10] that can be useful to study the proximal 
parts of  the peripheral nervous system, but substantially 
share the same limitations of  EMG and ENG. The small 
diameter fibers’ functions can be neurophysiologically in-
vestigated by Laser Evoked Potentials[10-12], although this 
test is still confined to specialized neurophysiological labs, 
is time consuming and currently is not used for routine 
diagnostic evaluation.

Finally, another test for evaluating small fiber affer-
ent function is Quantitative Sensory Testing[13-15]. The 
controlled application of  thermal stimuli indeed allows 
investigating the spinothalamic functions, both in its 
A-delta (cold stimuli) and C component (warm stimuli). 
The major limit of  this method is the necessity for the 
patient’s cooperation. On the other hand, the most im-
portant advantage is the possibility of  studying the entire 
body surface and above all to identify and measure hy-
persensitivity phenomena, such as thermal allodynia and 
hyperalgesia.

NEURODIAGNOSTIC SKIN BIOPSY
Neurodiagnostic skin biopsy (NSB) is a relatively new 
technique for the diagnosis of  peripheral neuropa-
thies[16-18]. It is an objective method based on a skin biop-
sy performed by a circular punch, usually 3 mm diameter, 
and on immunohistochemical staining techniques that 
allow identifying the epidermal nerve fibers. To this aim, 
both bright-field and immunofluorescence (Figure 1) can 
be used, allowing calculation of  the Epidermal Nerve 
Fiber Density (ENFD)[19]. It is important to underline 
that epidermal nerve fibers are currently exclusively con-
sidered the free nerve endings of  small diameter (A-delta 
and C) afferent fibers[20], a part of  the spinothalamic tract 
physiologically conveying thermal and painful sensations 
from the periphery to the brain. Interestingly, among all 
the nerve fibers present in a peripheral nerve, the great 
majority are just small diameter fibers[21].

NSB FOR THE DIAGNOSIS OF 
PERIPHERAL NEUROPATHIES IN BODY 
PARTS IMPOSSIBLE TO INVESTIGATE BY 
CLINICAL NEUROPHYSIOLOGICAL TESTS
Due to the continuous advances in knowledge that have 
occurred in the last ten years, NSB is currently consid-
ered an important diagnostic tool for neurologists[22,23]. 

NSB has the important property of  being used to in-
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Figure 1  Epidermal nerve fibers (arrows) identified by immunofluores-
cence in the distal leg of a normal subject (in green, PGP 9.5 staining of 
nerve fibers; in red, type Ⅳ collagen staining of basement membrane and 
blood vessels). E: Epidermis; D: Dermis; BM: Basement Membrane; A: Artery.  
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vestigate the skin, allowing obtaining a diagnosis of  small 
fiber axonal neuropathy of  peripheral nerves innervating 
every body part covered by skin[24,25].

This feature appears to be very important because it 
allows going beyond the possibilities of  neurophysiologi-
cal tests which are available only for a limited number of  
peripheral nerves. It follows on that NSB allows reaching 
a diagnosis of  neuropathy for “difficult” nerves, such as 
those of  the trunk or occipital nerves frequently (and 
irregularly) involved in post-herpetic neuralgia[26]. An 
example of  NSB clinical use is given in Figure 2 which 
shows a severe, unilateral decrease of  ENFD in the neck 
skin of  a patient with post-herpetic neuralgia. 

Another important property of  NSB is the ability to 
identify lesions involving small branches of  peripheral 
nerves which cannot be investigated by neurophysiologi-
cal tests. This feature of  NSB appears to be particularly 
important in post-traumatic peripheral nerve lesions 
where one lesion is different from another. 

In this context, it is important to highlight a recent 
paper where NSB showed a significant asymmetry in a 
spinal cord injury patient complaining of  a bilateral burn-
ing and pricking pain at the level of  injury[27]. Interesting-
ly, NSB not only allowed demonstration of  the presence 
of  two different mechanisms leading to identical symp-
toms, but also to justify a different efficacy of  the same 
treatment in the two sides. Continuing to talk of  possible 
pain mechanisms, in a very recent paper, NSB findings 
suggested skin hyperinnervation as a possible cause for 
the development of  dynamic mechanical allodynia fol-
lowing finger amputation[28].

Another recent study confirmed that NSB can allow 
getting information from the skin of  several parts of  the 
body. In that study, the epidermal innervation was studied 

in burn patients with unilateral injuries, allowing to sug-
gest a possible correlation between the residual cutaneous 
innervation and the development of  chronic pain[29].

NSB can also be useful in other clinical contexts. 
For example, it can also be used in differentiating neu-
ropathic from referred pain, as demonstrated in a very 
recent paper in patients with endometriosis and unilateral 
thigh pain[30]. Moreover, it has been used for assessing 
the involvement of  the peripheral nervous system in a 
dermatological manifestation of  neurological disease, 
such as a dyshidrotic eczema in a patient with ulnar neu-
ropathy or a unilateral pruritus on the paretic side of  a 
stroke patient[31]. Finally, NSB can also be used to exclude 
a neuropathic pathophysiology of  a clinical pain, as dem-
onstrated in Parry-Romberg syndrome, a rare painful 
condition characterized by progressive hemifacial atrophy 
and unilateral facial pain[32]. 

Considering the current evidence on NSB and the 
well-known specific diagnostic properties of  neuro-
physiological tests, it is possible to suggest a diagnostic 
sequence that can be useful to confirm the diagnosis of  
unilateral peripheral neuropathic pain (Figure 3).

EPIDERMAL INNERVATION SYMMETRY 
RATIO
One of  the main disadvantages of  NSB is that it is very 
difficult to obtain robust normative data for any part of  
the body because of  their different epidermal innervation 
patterns. This problem can be elegantly solved in cases 
of  unilateral peripheral nerve lesions by comparing the 
neuropathic skin ENFD with the contralateral, normal 
side ENFD. To this aim, a bilateral biopsy is necessary 

29 February 16, 2014|Volume 2|Issue 2|WJCC|www.wjgnet.com

Figure 2  Complete denervation of epidermis (and dermis) in 
an 82-year-old patient with a severe post-herpetic neuralgia 
(A), normal, contralateral, mirror skin innervation (13 fibers/
mm) (B). Immunofluorescence method: In green, PGP 9.5 stain-
ing of nerve fibers; in red, type Ⅳ collagen staining of basement 
membrane and blood vessels; Arrows: Epidermal nerve fibers; E: 
Epidermis; D: Dermis; BM: Basement Membrane.
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limitations. First of  all, it is important to mention that 
NSB is surely not useful for the diagnosis of  entrapment 
neuropathies, particularly in their early phases when only 
large diameter fibers are involved. Another important 
limitation is that NSB is a time-consuming method; cal-
culating the time for specimen processing and the manual 
counting of  two blinded investigators and the time for 
obtaining a reliable medical report, it is usually not less 
than two weeks. Finally, NSB is currently confined to a 
small number of  specialized diagnostic units.

CONCLUSION
The demonstration of  a lesion or a disease involving the 
somatosensory system is mandatory for the diagnosis of  
definite neuropathic pain and objective diagnostic tools 
play an important role to reach the aim. To this end, sev-
eral methods are currently available but none is suitable 
for every disease (or lesion). NSB can be an important 
diagnostic method for the demonstration of  peripheral 
nervous system involvement, with a special reference to 
small fiber neuropathies and to peripheral nerves not 
evaluated by other tests. For these characteristics, NSB 
can be considered a precious instrument for the diagnosis 
of  peripheral unilateral neuropathic pain.
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Abstract
Left ventricular (LV) thrombus is a life-threatening com-
plication of severe LV dysfunction. Ventriculotomy has 
been a commonly performed procedure for LV throm-
bus; however, it often further decrease LV function 
after surgery. We present an alternative approach to 
thrombectomy in order to minimize the postoperative 
LV dysfunction. A 37-year-old female with a postpartum 
cardiomyopathy found to have poor LV function and a 
large left ventricular apical thrombus (3 cm × 3 cm) 
attached to the apex by a narrow stalk. Given her se-
vere LV dysfunction, the LV thrombus was approached 
via  left atriotomy under cardiopulmonary bypass. The 
LV thrombus was easily extracted with gentle traction 
via  the mitral valve. Postoperatively, the patient was 
discharged home without any embolization event or 
inotropic support. LV thrombectomy via  left atriotomy 
through the mitral valve could be an alternative option 
for the patients with poor LV function with a mobile LV 
thrombus. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Left ventricular thrombus; Atriotomy; Car-

diomyopathy; Surgical thrombectomy; Pedunculated 
thrombus

Core tip: We successfully treated the patient of a large 
pedunculated left ventricular (LV) thrombus with poor 
LV function via  left atriotomy. Compared to conven-
tional ventriculotomy, left atrial approach would be 
more suitable for emergency LV thrombectomy for 
highly mobile thrombi because the left atriotomy may 
not further decrease the LV function and would pre-
serve the LV apex for future ventricular assist device 
placement.

Tanaka D, Unai S, Diehl JT, Hirose H. Surgical removal of a 
large mobile left ventricular thrombus via left atriotomy. World J 
Clin Cases 2014; 2(2): 32-35  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i2/32.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i2.32

INTRODUCTION
Left ventricular (LV) thrombus is a life-threatening com-
plication of  severe left ventricular dysfunction. Possible 
treatment options include anticoagulation, thrombolysis 
and surgical thrombectomy[1,2]. Small immobile thrombi 
can be safely managed with anticoagulation; however, 
treatment for large mobile thrombi is often problematic. 
LV thrombus is usually associated with poor LV func-
tion[3]. Therefore, surgical approaches such as left ventric-
ulotomy, which potentially cause further deterioration of  
LV function, should be avoided if  possible. We present 
an alternative approach of  LV thrombectomy in order to 
preserve the remaining LV function.

CASE REPORT
A 37-year-old female with a history of  postpartum car-
diomyopathy and multiple pulmonary embolisms in the 
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past presented to an outside hospital with worsening 
dyspnea on exertion and fatigue 3 mo after her second 
delivery. She stated that she ran out of  her medications 
for several weeks including rivaroxaban which was pre-
scribed for her possible hypercoagulable state. At the 
outside hospital she complained of  chest pain and under-
went right and left heart catheterization, which disclosed 
a cardiac index of  1.5 L/min per square meter and non-
obstructive coronary disease. She was initiated on ino-
tropic support for low output cardiac failure. Her trans-
thoracic echocardiogram followed by transesophageal 
echocardiogram showed worsening LV function with an 
ejection fraction of  10%, which was previously 20%, and 
a large apical pedunculated LV thrombus measuring 3 cm 
× 3 cm (Figure 1). She was therefore transferred to our 
hospital for further management.

Considering a narrow stalk and large size of  the LV 
thrombus, the risk of  embolization was considered to be 
high. Emergent surgery was thus undertaken. Under car-
dioplegic cardiac arrest and cardiopulmonary support, the 
left atrium was opened at Waterson’s groove. A Cosgrove 
retractor was placed to optimize the exposure of  the mi-
tral valve. The LV thrombus was visualized through the 
mitral valve and was located at the apex connected to the 
ventricular wall only with a small stalk, which was divided 
at the base of  the papillary muscle. The thrombus was 
extracted with gentle traction through the mitral valve 
without difficulty. The LV cavity was extensively irrigat-
ed, and then the left atrium was closed. The cross clamp 
time was 20 min and there was no issue weaning from 
cardiopulmonary bypass. Postoperatively, the patient was 
on minimal inotropic support which was successfully 
weaned off  by postoperative day 4. She developed tran-
sient atrial fibrillation on postoperative day 3, which was 
converted to sinus rhythm by medical therapy. The post-
operative echocardiogram revealed a small residual mural 
thrombus measuring 3 mm × 4 mm with left ventricular 
function of  40% (Figure 2). Hematology was consulted 
for workup of  a possible hypercoagulable state, however 

all studies were negative. She was placed on coumadin 
therapy for the residual LV thrombus and was discharged 
home on postoperative day 10 without an embolic event. 
Pathologic workup of  the mass revealed a large throm-
bus without any malignant component. Throughout her 
postoperative course, she has remained symptom free 6 
mo after surgery.

DISCUSSION
First line of  treatment for a LV thrombus is anticoagu-
lation; however, a large mobile thrombus as is in this 
case often requires urgent surgical thrombectomy. The 
concern with surgical removal of  a large LV thrombus 
is ventricular function, since it is often seen in patients 
with poor LV function. The conventional approach to 
LV thrombus is left ventriculotomy[4,5]. Ventriculotomy 
provides direct visualization of  the thrombus; thus it has 
been considered the standard approach for complete 
removal of  the thrombus. This may be best utilized for 
mural thrombus which is adhered to the ventricular wall. 
However, LV ventriculotomy often causes further dete-
rioration of  the LV function[6], and should be avoided 
in cases of  poor LV function if  possible. Furthermore, 
if  once the left ventriculotomy was performed, future 
placement of  the ventricular assist device in case of  fur-
ther deterioration of  the LV function would be more 
complicated. Another possible approach is thrombus 
extraction via aortotomy. This trans-aortic approach has 
been reported in conjunction with the video-assisted 
thoracoscopy to facilitate visualization[7]. However, the 
size of  the thrombus is often the limiting factor in this 
approach and was too large to pass through the aortic 
valve in this case.

A left atrial approach does not require incision to the 
LV, thus theoretically preserves the remaining LV func-
tion. This approach also provides adequate visualization 
of  the thrombus and trans-mitral valve extraction allows 
extraction of  a larger thrombus than the trans-aortic ap-
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Figure 1  Transthoracic echocardiogram dem-
onstrated a large left ventricular thrombus. It 
was highly mobile and the risk of embolization was 
considered to be high.



proach[8-10]. The potential disadvantage of  the left atrial 
approach would be limited room for maneuvering of  the 
thrombus and should be reserved only for one that is 
loosely connected to the ventricular wall with a narrow 
stalk, which is exactly the case that emergent thrombec-
tomy is usually indicated. When surgical thrombectomy 
is indicated for mural thrombi, which can usually be 
managed with anticoagulation, the left atrial approach 
should not be selected because extensive debridement is 
expected. These cases should be operated semi-electively 
with a standby left ventricular assist device since further 
deterioration of  the LV function is expected after ven-
triculotomy. Therefore, we advocate left atriotomy as an 
alternative approach for emergent LV thrombectomy.

COMMENTS
Case characteristics
A 37-year-old female with a history of postpartum cardiomyopathy presented 
with chest pain and dyspnea 3 mo after her second delivery.
Clinical diagnosis
Echocardiogram showed worsening left ventricular (LV) dysfunction (ejection 
fraction of 10%) with a large left ventricular apical thrombus (3 cm × 3 cm) at-
tached to the apex with a narrow stalk.
Differential diagnosis
Differential diagnosis included intracardiac thrombus, primary or metastatic 
tumor and cardiac myxoma.
Laboratory diagnosis
The patient’s cardiac index was 1.5 L/min per square meter and ejection frac-
tion of 10%.
Imaging diagnosis
Echocardiogram showed a large left ventricular apical thrombus (3 cm × 3 cm) 
attached to the apex with a narrow stalk.
Pathological diagnosis
The removed mass was found to be a thrombus. 
Treatment
The left ventricular thrombus was removed via the right-sided left atrium though 
the mitral valve.
Related reports
Conventional LV thrombectomy by left ventriculotomy; may this decrease the 
left ventricular function after surgery.

Experiences and lessons
Compared to conventional ventriculotomy, left atrial approach would be more 
suitable for emergency LV thrombectomy for highly mobile thrombi because the 
left atriotomy may not have any effect on the left ventricular function and would 
preserve the left ventricular apex for future ventricular assist device placement.
Peer review
Left ventricular thrombectomy via the left atrium though the mitral valve would 
be most feasible for the thrombus connected to the left ventricle with a narrow 
stalk.
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Abstract
Variations in the bile duct and pancreatic duct opening 
are related to the process of rotation and recanaliza-
tion during embryologic development. Complete non-
union of distal common bile duct and pancreatic duct 
gives rise to double papillae of Vater. The separation of 
the drainage of the main pancreatic duct and bile duct 
can be appreciated by careful assessment at the time 
of endoscopic retrograde cholangiopancreatograpy. The 
cranial orifice is a bile duct opening, whereas the cau-
dal orifice is a pancreatic duct opening. The separate 
orifice finding can be confirmed by cholangiogram and 
pancreatogram with no communication between the 
two orifices. Endoscopists should be aware of this rare 
variant because late recognition can result in unneces-
sary manipulation and contrast injections of the main 
pancreatic duct and biliary cannulation failure.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Double major papillae; Double orifices; 
Cannulation; Bile duct; Endoscopic retrograde cholan-
giopancreatography

Core tip: Drainage of the main pancreatic and bile duct 
as two separate orifices is a recognized, but very rare 
anatomical variant. It is also referred to as double ma-
jor papillae.

Chavalitdhamrong D, Draganov PV. Unexpected anomaly 
of the common bile duct and pancreatic duct. World J Clin 
Cases 2014; 2(2): 36-38  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i2/36.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i2.36

INTRODUCTION
The common bile duct and the pancreatic duct coalesce 
into one duct at the level of  the ampulla, before they 
open into the duodenum via a single orifice. A variation 
in the bile duct and pancreatic duct opening causing two 
separate orifices is a rare anatomical variant as they fail 
to coalesce (also known as double papillae). This variant 
does not predispose to any pancreatobiliary disease, but 
recognition at the time of  endoscopic retrograde cholan-
giopancreatography (ERCP) is crucial to ensure the pro-
cedures technical success. We present a case of  a patient 
with separate drainage orifices of  the bile and pancreatic 
duct which initially was not appreciated. This resulted in 
obtaining unnecessary pancreatograms, a prolonged pro-
cedure and increased risk for post-ERCP pancreatitis. 

CASE REPORT
A 27-year-old presented 3 wk post-partum with acute 
right upper quadrant abdominal pain associated with 
elevated liver function tests (aspartate aminotransferase 
of  396 U/L, alanine aminotransferase of  364 U/L, total 
bilirubin of  1.5 mg/dL, and alkaline phosphatase of  510 
U/L). Abdominal ultrasonography revealed a dilated 
common bile duct of  12 mm and mild intrahepatic ductal 
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dilatation. Magnetic resonance cholangiopancreatography 
showed a four millimeter stone in the distal common bile 
duct. 

The patient underwent an ERCP for stone removal. 
The major papilla appeared normal (Figure 1A). Multiple 
cannulation attempts resulted in repeat pancreatograms 
(Figure 1B). The major papilla was re-examined, and what 
originally was thought to be the minor papilla was found 
to be located at the roof  of  the major papilla (Figure 1C). 
This appearance raised the possibility of  two separated 
orifices of  the bile duct and the main pancreatic duct, 
which independently drain with a separation of  10 mm. 
Indeed, that was confirmed after cannulation of  the bile 
duct through the second orifice (Figures 1D and E). Bili-
ary sphincterotomy was preformed (Figure 1F) and the 
biliary stone was easily extracted. Rectal indomethacin 
was given as a prophylactic measure for prevention of  
post-ERCP pancreatitis[1]. The patient later underwent a 
cholecystectomy, and her hospital course was uneventful.

DISCUSSION
Drainage of  the main pancreatic and bile duct as two 
separate orifices is a recognized, but very rare anatomical 
variant. It is also referred to as double major papillae. The 
two separate openings are usually not apparent without 
close inspection[2]. The cranial orifice communicates with 
the common bile duct and the caudal orifice communi-
cates with the duct of  Wirsung[3]. Double papilla of  Vater 
cannulation of  the common bile duct and pancreatic duct 

could be accomplished through either orifice indepen-
dently[4,5]. Endoscopists should be aware of  this rare vari-
ant because late recognition can result in unnecessary ma-
nipulation and contrast injections of  the main pancreatic 
duct. Fortunately, our patient did not develop post-ERCP 
pancreatitis. Furthermore, inability to recognize this ana-
tomic variant can lead to biliary cannulation failure. 

COMMENTS
Case characteristics
This case demonstrates a rare endoscopic finding of papilla during endoscopic 
retrograde cholangiopancreatography.
Clinical diagnosis
A non-union of the bile duct and pancreatic duct opening causes two separate 
orifices. 
Differential diagnosis
The confirmation of two separate ampullary structures can differentiate double 
major papillae of Vater from other diagnoses.
Laboratory diagnosis
Cannulation of both orifices can prove that they are the openings of the com-
mon bile duct and the pancreatic duct.
Imaging diagnosis
Cannulation of the cranial orifice shows cholangiogram, whereas cannulation of 
the caudal orifice shows pancreatogram.
Pathological diagnosis
Cannulation of each orifice can evaluate the biliary or pancreatic abnormality.
Treatment
Therapeutic interventions by endoscopic retrograde cholangiopancreatography 
(ERCP) can be performed after proper cannulation.
Related reports
A literature search revealed only a few documented cases of double papillae of 
Vater.
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Figure 1  The patient underwent an endoscopic retrograde cholangiopancreatography for stone removal. A: The major papilla appeared normal; B: Normal 
pancreatogram; C: The major papilla was re-examined; D: Cannulation of the bile duct through the second orifice; E: Biliary tract with biliary stone within the distal 
common bile duct; F: Biliary sphincterotomy.
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Term explanation 
Double major papillae of Vater are separate drainages of the common bile duct 
and the pancreatic duct. The cannulation of the common bile duct and pancre-
atic duct can be achieved through either orifice independently.
Experiences and lessons
The unnecessary pancreatograms are associated with increased risk for post-
ERCP pancreatitis. Fortunately, the patient did not develop post-ERCP pancre-
atitis. 
Peer review
Careful inspection of the ampulla finding the two openings can lead to appropri-
ate cannulation of the common bile duct and pancreatic duct through either 
orifice independently. 
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Abstract
A 51-year-old man presented to our hospital with 
progressive pain and weakness in his right leg. Neuro-
logical examination revealed atrophy of all muscles of 
the right leg, unilateral foot drop and paralysis of the 
anterior tibial and gastrocnemicus muscles. Electromy-
ography confirmed a severe isolated sciatic neuropathy 
in the thigh. For unclear reasons, our patient habitually 
used to sit in a modified lotus position. We concluded 
that this position, in literature known as “lotus neu-
ropathy” had resulted in the sciatic neuropathy. After 
more than a year our patient was referred again to our 
outpatient clinic. At that time there was only minimal 
improvement, now with an achilles tendon contracture 
and pes equinus due to immobility.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Sciatic neuropathy; Lotus neuropathy; Sci-
atic nerve

Core tip: In this case history we report on a patient 
with a severe isolated sciatic neuropathy with a foot 
drop, a complication of prolonged sitting in a modified 
lotus position. Although rare, similar reports of sciatic 
nerve injury due to external compression as a result of 
prolonged or repeated sitting in the same position have 
been reported. A so-called “lotus neuropathy” should 
be included in the differential diagnosis in patients pre-
senting with a isolated sciatic neuropathy.

Bosma JW, Wijntjes J, Hilgevoord TA, Veenstra J. Severe iso-
lated sciatic neuropathy due to a modified lotus position. World J 
Clin Cases 2014; 2(2): 39-41  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i2/39.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i2.39

INTRODUCTION
Isolated sciatic nerve injury is a common clinical situa-
tion. Several mechanisms are responsible for sciatic neu-
ropathies. In this case report we describe a patient with 
complete paralysis of  the right leg due to prolonged sit-
ting in a modified lotus position.

CASE REPORT
A 51-year-old male fugitive from Iran with post-traumatic 
stress disorder and schizophrenia presented to our hospi-
tal with progressive pain and weakness in the right lower 
extremity and with difficulty in walking. The symptoms 
had been present for 6 mo and there was no history of  a 
trauma. The patient denied back pain, bowel or bladder 
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incontinence or sexual dysfunction. He drank alcohol oc-
casionally.

General physical examination was unremarkable. 
Neurological examination demonstrated atrophy of  all 
muscles of  the right lower extremity. He ambulated with 
a steppage gait associated with an unilateral foot drop 
and ankle instability. Patient complained of  dysesthetic 
pain, described as a constant burning sensation in the 
distal sciatic nerve distribution. Pinprick sensation was di-
minished in the distribution of  the right peroneal nerve. 
The anterior tibial and gastrocnemicus muscles were 
paralysed (grade 0 MRC scale). Strength was normal in 
the more proximal sciatic innervated muscles. The right 
ankle reflex was absent.

His general practitioner mentioned that, for unclear 
reasons, our patient habitually used to sit in a modified 
lotus position (Figure 1). We hypothesized that repeated 
sitting in this position, with the right thigh on the heel 
of  the left foot, had lead to compression and subsequent 
injury of  the right sciatic nerve. Magnetic resonance imag-
ing of  the spine was normal. Electromyography and nerve 
conduction studies confirmed a severe isolated sciatic neu-
ropathy in the thigh of  the right lower extremity (Figure 2).

DISCUSSION
The causes of  sciatic mononeuropathy can be divided 
into those occurring in the hip and the thigh region. Only 
the minority of  sciatic neuropathies are localised in the 
thigh and several mechanisms can lead to sciatic nerve 
damage in this region[1]. Most frequently the nerve injury 
is the result of  a femur fracture, posterior thigh compart-
ment syndrome, laceration, nerve infarction, mass lesions 
or acute external compression. Prolonged external com-
pression of  the sciatic nerve results in nerve damage from 
ischemia or from direct mechanical laceration of  the nerve.

In literature similar cases with development of  sciatic 
nerve injury due to external compression as a result of  
prolonged or repeated sitting in the same position have 
been reported. Sciatic neuropathy occurring as an intra-
operative pressure palsy is a well-known complication of  

surgery[2]. “Toilet seat” sciatic neuropathy as a complica-
tion of  gluteal compartment syndrome has been reported 
in alcoholic intoxicated people falling asleep on a toilet[3]. 
Furthermore, injury of  the sciatic nerve after yoga medi-
tation is a known entity, called “lotus neuropathy”[4,5].

Our patient was managed conservatively and subse-
quently failed to follow up after discharge, but was finally 
referred again to our outpatient department after more 
than a year. At that moment there was a minimal im-
provement of  neurologic function of  the leg. Addition-
ally, an achilles tendon contracture and pes equinus had 
developed due to immobility.

In conclusion, in this paper we report a patient with 
an isolated sciatic neuropathy due to compression of  the 
thigh as a result of  sitting in a modified lotus position.

COMMENTS
Case characteristics
This patient complained of progressive pain and a 6-mo history of weakness in 
the right lower extremity and with difficulty in walking.
Clinical diagnosis
Further examination revealed a complete and isolated sciatic neuropathy due to 
compression of the thigh as a result of sitting in a modified lotus position.
Differential diagnosis
The differential diagnostic considerations were nerve injury as a result of a 
femur fracture, posterior thigh compartment syndrome, laceration, nerve infarc-
tion, mass lesions or acute external compression.
Imaging diagnosis
Magnetic resonance imaging of the spine was normal. Electromyography and 
nerve conduction studies confirmed a severe isolated sciatic neuropathy in the 
thigh of the right lower extremity.
Treatment
The patient was managed conservatively and referred to a physiotherapist, but 
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Figure 1  Photograph of our patient sitting in a modified lotus position. 
We hypothesized that repeated sitting in this position, with the right thigh on the 
heel of the left foot, had lead to compression and subsequent injury of the right 
sciatic nerve.

Figure 2  Needle electromyography revealed spontaneous muscle fibre 
activity due to denervation in the paralysed right tibial anterior muscle.
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subsequently failed to follow up.
Term explanation
“Lotus neuropathy” is an entity due to injury of the sciatic nerve after yoga meditation.
Experiences and lessons
Although rare, a so-called “lotus neuropathy” should be included in the differen-
tial diagnosis in patients presenting with a isolated sciatic neuropathy.
Peer review
The authors report an interesting clinical case with a novel clinical entity. Pre-
sentation is extremely clear.
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Abstract
Malignant melanoma is a malignancy of pigment-
producing cells (melanocytes) located predominantly in 
the skin. Nodal metastases are an adverse prognostic 
factor compromising long term patient survival. There-
fore, accurate detection of regional nodal metastases 
is required for optimization of treatment. Computed to-
mography (CT) and magnetic resonance imaging (MRI) 
remain the primary imaging modalities for regional 
staging of malignant melanoma. However, both mo-
dalities rely on size-related and morphological criteria 
to differentiate between benign and malignant lymph 
nodes, decreasing the sensitivity for detection of small 
metastases. Surgery is the primary mode of therapy 
for localized cutaneous melanoma. Patients should be 
followed up for metastases after surgical removal. We 
report here a case of inguinal lymph node enlargement 
with a genital vesicular lesion with a history of surgery 
for malignant melanoma on her thigh two years ago. 
CT and diffusion weighted-MRI (DW-MRI) were applied 
for the lymph node identification. DW-MRI revealed 
malignant lymph nodes due to malignant melanoma 

metastases correlation with pathological findings.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Diffusion-weighted imaging; Magnetic reso-
nance imaging; Inguinal lymph node; Malignant mela-
noma; Metastasis; Apparent diffusion coefficient

Core tip: Diffusion-weighted magnetic resonance imag-
ing (DW-MRI) measures differences in tissue micro-
structure based on the random displacement of water 
molecules. The differences in water mobility are quanti-
fied using the apparent diffusion coefficient which has 
an inverse relationship with tissue cellularity. As such, 
the technique is able to differentiate between tumoral 
tissue and normal or necrotic tissue. In this paper, we 
present an inguinal lymph node metastasis of malig-
nant melanoma after surgery, with DW-MRI findings.

Bayraktutan U, Kantarci M, Pirimoglu B, Ogul H, Okur A, Gur-
san N. Utility of diffusion-weighted imaging in the diagnosis 
of inguinal lymph node metastasis with malignant melanoma. 
World J Clin Cases 2014; 2(2): 42-44  Available from: URL: 
http://www.wjgnet.com/2307-8960/full/v2/i2/42.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i2.42

INTRODUCTION
Malignant melanoma is located predominantly in the skin 
but also found in the eyes, ears, gastrointestinal tract, 
leptomeninges and oral and genital mucous membranes. 
Melanoma accounts for only 4% of  all skin cancers; 
however, it causes the greatest number of  skin cancer-
related deaths worldwide. Early detection of  thin cutane-
ous melanoma is the best means of  reducing mortality[1]. 
We present a case with inguinal lymph node enlargement 
with a genital vesicular lesion with a history of  surgery 
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for malignant melanoma two years ago.

CASE REPORT
A 38-year-old woman was admitted to our hospital com-
plaining of  a mass on her left inguinal region for about 
1 mo. On physical examination there was left inguinal 
lymph node swelling and a genital vesicular lesion. The 
patient had a history of  malignant melanoma on her 
thigh 2 years ago. Computed tomography (CT) scans 
showed inguinal conglomerated lymph node enlargement 
that may be inflammatory due to a genital lesion or malig-

nant melanoma metastases. Magnetic resonance imaging 
(MRI) also showed inguinal conglomerated lymph node 
enlargement (Figure 1). Diffusion-weighted MRI revealed 
reduced apparent diffusion coefficient (ADC) values in 
these lymph nodes consistent with malignancy (Figure 2). 
After removal of  the mass by surgery, histopathological 
examination showed evidence of  malignant melanoma 
metastases (Figure 3).

DISCUSSION
Malignant melanoma arises from melanocytes, the cells 
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Figure 1  Axial T1 weighted image (A), T2 weighted image (B) and contrast enhanced fat saturated T1 image (C) showing contrast enhancing inguinal con-
glomerated lymph node enlargement (arrows).

Figure 2  Diffusion weighted images b800 (A) and apparent diffusion coefficient map (B) showing diffusion restriction in inguinal conglomerated lymph 
nodes (arrows).

Figure 3  Pathological examination. A: Photomicrograph of metastatic malignant melanoma in the inguinal lymph node (HE, × 50). The bottom right corner HE, ×
100; B: Immunohistochemical study shows that the spindle cells are positive for HMB-45.

A B C

A B

A B



that give skin its color, and can spread to nearby lymph 
nodes and, eventually, distant sites in the body. Approxi-
mately 50000 new cases of  malignant melanoma occur in 
the United States every year and about 8000 people die 
from this most lethal form of  skin cancer. If  untreated, 
malignant melanomas can spread rapidly, sometimes 
causing death within months of  diagnosis. However, the 
five year cure rate of  early, superficial lesions is nearly 
100%[1,2]. 

Melanomas can occur on mucous membranes of  the 
mouth, genital regions and anus. Sun-exposed areas are at 
higher risk than shielded areas. Although melanomas can 
occur anywhere on the body, and some types are more 
likely to be found in some areas than others, women tend 
to develop more melanomas on their legs, while men’s 
arise more frequently on the torso[2].

Risk factors for malignant melanoma are sun expo-
sure, white race, first degree relatives with a history of  
melanoma (may increase one’s risk by up to eight times), 
personal history of  previous melanoma, dysplastic ne-
vus syndrome, large congenital melanocytic nevi, lentigo 
maligna (“Hutchinson’s freckle”), history of  other non-
melanoma skin cancers, immunosuppression and higher 
numbers of  melanocytic nevi (moles)[3].

Surgical removal of  melanomas that have not metas-
tasized or penetrated to deeper layers of  skin is often cu-
rative. Metastatic disease is generally inoperable. Lymph 
node dissection, immunotherapy, vaccine therapy, chemo-
therapy and hyperthermia are among the modalities used 
to treat metastases[4]. Current the National Comprehen-
sive Cancer Network  guidelines do not recommend sur-
veillance laboratory or imaging studies for asymptomatic 
patients with stage ⅠA, ⅠB and ⅡA melanoma (i.e., tu-
mors ≤ 4 mm depth). Imaging studies (chest radiograph, 
CT and/or positron emission tomography-CT) should 
be obtained as clinically indicated for confirmation of  
suspected metastasis or to delineate the extent of  disease 
and may be considered to screen for recurrent/metastatic 
disease in patients with stage ⅡB-Ⅳ disease, although 
this latter recommendation remains controversial. Rou-
tine laboratory or radiological imaging in asymptomatic 
melanoma patients of  any stage is not recommended af-
ter 5 years of  follow-up[5].

CT and MRI facilitate detection of  lymph nodes; 
however, both modalities rely on size-related and mor-
phological criteria to differentiate between benign and 
malignant lymph nodes. Diffusion-weighted imaging 
measures differences in tissue microstructure based on 
the random displacement of  water molecules. The mag-
nitude of  water molecule movement is expressed as an 
ADC value. Its usefulness in the diagnosis of  malignant 
tumors has gained interest. The technique is able to dif-

ferentiate between tumoral tissue and normal or necrotic 
tissue[5,6]. The improved nodal identification may aid 
treatment planning and further nodal characterization[7].  
In conclusion, DWI is recommended for evaluation of  
lymph node metastasis in patients with malignant mela-
noma.

COMMENTS
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A 38-year-old woman was admitted to the hospital with complaint of a mass on 
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On physical examination there were left inguinal lymph node swelling and a 
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Imaging diagnosis
Computed tomography (CT) scans showed inguinal conglomerated lymph node 
enlargement, may be inflammatory due to genital lesion or malignant melanoma 
metastases. 
Treatment
CT and diffusion weighted-magnetic resonance imaging (DW-MRI) were applied 
for the lymph node identification, DW-MRI revealed malignant lymph nodes due 
to malignant melanoma metastases correlation with pathological findings.
Experiences and lessons
DWI is recommended for evaluation of lymph node metastasis in patients with 
malignant melanoma.
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Abstract
A 67-year-old male presented with a gradually progres-
sive low back pain of 2 years duration. The patient 
was leading a retired life and there was no history of 
chronic fever or significant trauma. There was no radia-
tion of pain or any features suggestive of claudication. 
There was no history of any comorbidity. The pain was 
aggravated with extension of the spine and relieved 
with flexion. There was no swelling or neurological defi-
cit, but muscle spasm was present. Radiographs of the 
spine revealed degenerative changes in the lumbosacral 
spine, along with articulation of spinous processes at in 
lumbar spine at all levels level suggestive of Baastrup’
s disease, commonly known as “kissing spine”. Routine 
blood investigations were within normal limits. The 
patient was managed conservatively. He was given a 
week’s course of analgesics and muscle relaxants and 
then started on spinal flexion exercises, with significant 
improvement being noted at 6 months follow up.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Back pain

Core tip: Baastrup’s disease, although not a rare entity, 
is often misdiagnosed and wrongly treated due to poor 
knowledge. Complete evaluation and a detailed exami-
nation of radiographic images are crucial for a proper 
diagnosis and to avoid mismanagement of the condi-
tion, including a hasty surgical intervention. 

Singla A, Shankar V, Mittal S, Agarwal A, Garg B. Baastrup’s 
disease: The kissing spine. World J Clin Cases 2014; 2(2): 45-47  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i2/45.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i2.45

INTRODUCTION
Baastrup’s disease (kissing spine) is a relatively common 
entity characterized by degenerative changes of  spinous 
processes and inter-spinous soft tissues. It involves the 
formation of  hypertrophic spinous processes, an impor-
tant cause of  mechanical back pain, and accompanying 
degenerative disc disease. Most of  the cases previously 
described in the literature were managed either surgically 
or with fluoroscopy image guided steroid injections. To 
the best of  our knowledge, this is the first case showing 
significant improvement with only conservative manage-
ment.

CASE REPORT
A 67-year-old male presented with gradually progress-
ing low back pain of  2 years duration. The pain was ag-
gravated with extension of  the spine and relieved with 
flexion. There was no evidence suggestive of  radiation 
of  pain or any clinical features suggestive of  claudica-
tion. The patient had no additional comorbidity. There 
was no history of  chronic fever or significant trauma. 
Radiographs of  the spine revealed degenerative changes 
involving the lumbosacral spine, along with articulation 
of  spinous processes at at multiple levels level (Figure 1), 
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commonly known as “kissing spine” and strongly sug-
gestive of  Baastrup’s disease in the absence of  any other 
features. The patient was managed conservatively with 
muscle relaxants and analgesics for one week and, once 
the pain subsided, was started on physiotherapy with 
spinal flexion exercises. The treatment plan involved con-
servative management with a close follow up. The option 
of  intralesional steroid injections and bursal excision was 
to be considered if  conservative treatment failed. The 
patient was monitored at the outpatient department at 
regular intervals and at 6 mo follow up was found to have 
significant improvement with physiotherapy alone and 
hence was asked to continue the exercises.

DISCUSSION
This condition was first described as a neoarthrosis be-
tween adjacent spinous processes by Mayer[1]. Brailsford[2] 
demonstrated the same entity and labeled it “kissing 
spines”. Baastrup[3] described this condition again in de-
tail and subsequently this condition came to be known as 
Baastrup’s disease. It was noted clinically in 6.3% of  col-
lege athletes[4], most commonly gymnasts, and was thought 
to be related to the repetitive flexion and extension at-
tributed to the sport. In a recent study by Kwong et al[5], 
Baastrup’s disease was found in 413 (41.0%) patients 
(diagnostic criteria being close approximation and con-
tact between apposing spinous processes and sclerosis of  
the superior and inferior portions of  adjacent processes 
on computed tomography) with an incidence of  81.3% 
among patients older than 80 years, whereas Maes et al[6] 

reported an overall incidence of  8.2% with the presence 
of  a bursa between spinous process as a diagnostic crite-
ria based on magnetic resonance imaging. 

Two cohort studies have demonstrated conflicting 
reports of  clinical improvement following surgical inter-
vention. This included one early study of  10 patients by 
Franck[7] in 1944 in which the patients undergoing surgi-
cal excision of  the spinous process for Baastrup’s disease 
demonstrated improvement. A later study by Beks et al[8] 
in 1989 in which 64 patients who underwent either partial 
or total surgical excision of  the lumbar spinous processes 
demonstrated that surgery does not always alleviate the 
patient’s pain. Their research suggested that “kissing 
spine” might not be a disease entity itself  but an addi-
tional pathology, specifically spondylosis with osteophyte 
formation. A case has been reported of  atrophy and fatty 
replacement of  the paraspinal musculature in a patient 
with Baastrup’s disease on X-ray[8]. Pain can be attrib-
uted to multiple factors in Baastrup’s disease, including 
mechanical pain secondary to the hypertrophic spinous 
processes coming into contact with each other, secondary 
to degenerative disc disease, and interspinous bursal fluid 
collections extending through the ligamentum flavum, 
leading to central canal stenosis[9]. In 2004, Pinto et al[10] 
reported 2 cases of  spinous process fractures in patients 
with Baastrup’s disease and proposed that close proxim-
ity of  the spinous processes resulted in its fracture and 
hence pain. Management includes decompression and 
posterior spinal instrumentation surgery or fluoroscopi-
cally guided interspinous steroid injections[11].

In conclusion, Baastrup’s disease is not a rare cause 
of  back pain in the elderly but it is frequently missed on 
radiographs due to lack of  knowledge about the disease 
on the part of  physician and overexposure of  spinous 
processes in most X rays. Most of  the management sug-
gested in the literature is invasive, i.e., surgery or intral-
esional injections. However, conservative management 
can also produce good results. Hence, it is imperative 
that the treating physician must attempt a conservative 
line of  management before moving onto invasive mo-
dalities. Since this condition is one of  the few treatable 
causes of  back pain in the vast spectrum of  spinal con-
ditions, one must be aware of  the condition to correctly 
diagnose and institute a line of  treatment most benefi-
cial to the patient. 

COMMENTS
Case characteristics
A 67-year-old male presented with a gradually progressive low back pain of 2 
years duration.
Clinical diagnosis
Baastrup’s disease is not a rare cause of back pain in elderly, with pain aggra-
vated on extension and relieved on bending forward.
Differential diagnosis
Common differential diagnoses include lumbar spondylosis, muscle strain, 
spondylolisthesis, fracture of the spinous process, vertebral compression frac-
tures and infectious etiologies of the spine. 
Imaging diagnosis
Radiographs showing articulation of spinous processes, i.e., the kissing spine.
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Figure 1  Radiographs of lumbar spine in anterior-posterior and lateral 
views showing Baastrup’s disease at at multiple lumbar level.
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Abstract
Ameloblastic carcinoma is a rare odontogenic tumor 
exhibiting histological evidence of malignancy in the 
primary or recurrent tumor. It is characterized by rapid, 
painful expansion of the jaw, unlike conventional am-
eloblastomas. The tumor most frequently involves the 
mandible. The expanding lesion causes perforation of 
the buccal and lingual plates of the jaw and invades the 
surrounding soft tissue. Rapidly growing large tumor 
mass may cause tooth mobility. A mandibular tumor 
involving the mental nerve leads to paresthesia of the 
nerve. A maxillary tumor can produce a fistula in the 
palate and paresthesia of the infraorbital nerve. Most 
ameloblastic carcinomas are presumed to have arisen 
de novo with a few cases of malignant transformation 
of ameloblastomas. Although rare, these lesions have 
been known to metastasize, mostly to the regional 
lymph nodes or lungs. A case of ameloblastic carcinoma 
in a 60-year-old man is reported here and its clinical, 
radiological and histological features are discussed.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Ameloblastic carcinoma; Squamous meta-
plasia

Core tip: Clinically, ameloblastic carcinoma is more 
aggressive than most typical ameloblastomas, with 
extensive local destruction, perforation of the cortical 
plate, extension into surrounding soft tissues, numer-
ous recurrent lesions and metastasis, usually to cervical 
lymph nodes. Histologically, the tumor cells resemble 
cells seen in ameloblastoma but show cytological 
atypia, cellular pleomorphism, nuclear hyperchroma-
tism, mitoses and vascular and neural invasion. These 
identifying features of ameloblastic carcinoma must 
be known and recognized by dental practitioners. It is 
probable that ameloblastoma, like other tumors (such 
as carcinoid tumors and epithelial tumors of the ovary), 
shows a spectrum of histological and biological behav-
ior, ranging from benignity at one end to frank malig-
nancy at the other. 

Srikanth MD, Radhika B, Metta K, Renuka NV. Ameloblas-
tic carcinoma: Report of a rare case. World J Clin Cases 
2014; 2(2): 48-51  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i2/48.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i2.48

INTRODUCTION
Malignant odontogenic tumors are very uncommon and 
ameloblastic carcinoma is a rare odontogenic carcinoma, 
with very few such cases being reported so far. The fre-
quency of  malignant change in ameloblastomas is diffi-
cult to establish but probably may be less than 1% among 
all cases of  ameloblastomas[1].

The terminology for these lesions is somewhat con-
troversial. The term malignant ameloblastoma should 
be used for a tumor that shows the histopathological 
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features of  ameloblastoma, both in the primary tumor 
and in the metastatic deposits[2]. However, the term am-
eloblastic carcinoma should be reserved for an amelo-
blastoma that has cytological features of  malignancy in 
the primary tumor, in a recurrence, or in any metastatic 
deposit[3]. These lesions may follow a markedly aggressive 
local course but metastases do not necessarily occur[4].

Odontogenic carcinoma signifies the primary malig-
nant epithelial tumors of  the terms that are so poorly 
differentiated that they bear little or no resemblance to 
any of  the odontogenic apparatus. With the presence 
of  many clear cells in conjunction with the other pat-
terns and histological features considered to be indicative 
of  malignancy in these lesions and in keeping with the 
guidelines of  World Health Organization (WHO) classifi-
cation of  odontogenic tumors, some authors even prefer 
to designate these tumors as clear cell ameloblastic carci-
noma or ameloblastic carcinoma, clear cell variant.

CASE REPORT
A 60-year-old male patient came to the department of  
oral medicine and radiology with a chief  complaint of  
swelling over the right side of  the face for 10 years (Figure 
1A). History revealed that he first noticed a small intra 
oral swelling at the labial aspect of  lower right canine re-
gion which gradually increased in size. Initially he noticed 
pain in that region but subsequently but there was no 
pain and the swelling increased progressively to the pres-
ent size. The patient also noticed development of  pares-
thesia of  the lower lip with pain over the swelling. 

On examination, a huge extra oral swelling was found, 
measuring around 23 cm × 11.5 cm in size, extending 
from the right side of  mandible and crossing the midline 
with well defined margins, hard in consistency, with ten-
derness over the swelling. Intra oral examination revealed 
complete obliteration of  the buccal and labial vestibule on 
the right side, with the swelling extending in to the ante-
rior region of  the floor of  the mouth (Figure 1B). It had 
a normal mucosal color and 31-33 and 41-47 teeth were 
missing. The intra oral swelling was hard in consistency 
and tenderness was present on palpation (Figure 1C).

In light of  the above findings and the nature and 
duration of  the lesion, a provisional diagnosis of  amelo-
blastoma was considered and odontogenic myxoma and 
osteosarcoma were considered for a differential diagnosis.

The patient had an orthopantomograph (OPG), 
computed tomography (CT) mandible and magnetic 
resonance imaging. OPG showed huge multilocular ra-
diolucency with the septa giving an appearance of  a soap 
bubble or honeycomb extending from the ramus molar 
region on right side, crossing the midline to the lower left 
premolar region (Figure 2A). CT dental scan showed an 
enlarged tumor extending from the ramus region of  48 
to the 35 region (Figure 2B). The tumor caused severe 
expansion of  the buccal and lingual cortical plates with a 
multilocular appearance.

Excisional biopsy revealed numerous epithelial fol-
licles spread out in a scanty connective tissue stroma. The 
epithelial nests showed typical (tall) columnar peripheral 
cells with apically placed nuclei and vacuolated cyto-
plasm. The central cells showed squamous metaplasia 
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Figure 1  Extra (A) and intra oral photograph of swelling with labial, buccal and lingual cortical expansion (B, C).



and numerous keratin pearls. A few cells showed features 
of  dysplasia, such as irregular aggregation, cellular and 
nuclear pleomorphism with nuclear hyperchromasia (Fig-
ure 3).

The histological features were consistent with am-
eloblastic carcinoma. Myxomas radiologically show hon-
eycomb variant and fine trabeculations within the small 
lobules not present in ameloblastoma. Osteosarcoma is 
a common primary malignant tumor affecting the jaw 
and radiologically a sunray appearance is present. Hence, 
they were excluded and a final diagnosis of  ameloblastic 
carcinoma was made. The patient underwent surgical 
resection of  the tumor by microvascular reconstructive 
surgery with complete resection of  the mandible and 
reconstruction of  the mandible was done by fibula graft 
(Figure 4). The patient is being followed up closely.

DISCUSSION
Ameloblastic carcinoma is a rare neoplasm that repre-
sents a challenge in its diagnosis, treatment and prognosis. 
Information regarding its clinical features is scanty[5]. The 
demographic data of  ameloblastic carcinoma reported in 
the literature suggests that it is more common in males 
(M:F 1.5:1) and the site of  distribution is in the mandible, 
particularly in the posterior mandible[1]. The age range of  
occurrence shows a large variation with an average age of  

39.8 years. However, a few authors have stated that the 
sixth decade is the predominant age group. Ameloblastic 
carcinoma has been reported to arise either de novo or 
from a preexisting odontogenic cyst or ameloblastoma[5].
The common clinical signs and symptoms include swell-
ing, pain, trismus and dysphonia[6] and there are several 
classifications: (1) WHO classification of  odontogenic 
carcinomas: malignant ameloblastoma; primary intraosse-
ous carcinoma; malignant variants of  other odontogenic 
tumors; and malignant changes in odontogenic cysts; (2) 
Classification of  odontogenic carcinomas according to 
Slootweg and Muller: primary intraosseous carcinoma, 
e.g., odontogenic cyst (Type Ⅰ); malignant ameloblastoma 
(type ⅡA); ameloblastoma carcinoma, arising de novo, e.g., 
ameloblastoma, or e.g., odontogenic tumor (type ⅡB); 
and primary intraosseous carcinoma arising de novo (type 
ⅢA: non keratinizing; type ⅢB: keratinizing); and (3) LJ 
Slater, Oral and Maxillofacial Clinics of  North America 
- odontogenic carcinomas: metastasizing ameloblastoma; 
ameloblastic carcinoma; carcinoma, e.g., ameloblastoma; 
primary intraosseous carcinoma; solid; cystic (e.g., odon-
togenic cyst); central mucoepidermoid carcinoma; ghost 
cell odontogenic carcinoma; and clear cell odontogenic 
carcinoma.

Odontogenic sarcoma: Ameloblastic fibrosarcoma
The diagnostic criteria of  an ameloblastic carcinoma that 
differentiate from ameloblastoma are based on cytologi-
cal atypia and an increased mitotic index[5]. The histologi-
cal changes should include a higher proliferative index 
emphasized by higher mitotic activity, higher proliferating 
cell nuclear antigen expression and higher ki67, atypia 
such as nuclear pleomorphism and basilar hyperplasia, 
hyperchromatic nuclei of  basaloid cells, and other fea-
tures of  malignancy, such as peripheral or perivascular 
invasion. This should be correlated with the clinical 
features. The four important characteristics include[5] 
growth rate, the propensity for ameloblastic carcinoma 
to perforate the cortex, pain, as a third of  patients with 
ameloblastic carcinoma experience pain or discomfort, 
and sensory disturbance, such as paresthesia which is rare 
with ameloblastoma.

Ameloblastic carcinoma is an aggressive neoplasm 
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Figure 2  Orthopantomograph (A) and 3D computed tomography (B) showing honeycomb lesion.

Figure 3  Histopathology specimen showing epithelial follicles with squa-
mous metaplasia and numerous keratin pearls.
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Experiences and lessons
It is probable that ameloblastoma, like other tumors (such as carcinoid tumors 
and epithelial tumors of the ovary), shows a spectrum of histological and bio-
logical behavior, ranging from benignity at one end to frank malignancy at the 
other.
Peer review
Ameloblastic carcinoma is a rare malignant tumor. This report is very interesting.
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that is locally invasive and can spread to regional lymph 
nodes or distant metastatic sites such as long bones. It is 
managed with wide local excision, elective or therapeutic 
neck dissection and post operative radiation therapy[5]. 
Radiotherapy and chemotherapy seem to be of  limited 
value. The prognosis is poor and hence close follow up 
of  the patient is needed.

Although the reported cases of  ameloblastic carci-
noma are scarce, the above features can be applied to 
diagnose an ameloblastic carcinoma at an early stage to 
enable early intervention and better treatment[7].
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Imaging diagnosis
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and magnetic resonance imaging. OPG showed huge multilocular radiolucency 
with the septa giving an appearance of a soap bubble or honeycomb extending 
from the ramus molar region on right side, crossing the midline to the lower left 
premolar region.
Pathological diagnosis
Excisional biopsy revealed numerous epithelial follicles spread out in a scanty 
connective tissue stroma.
Treatment
The patient underwent surgical resection of the tumor by microvascular recon-
structive surgery with complete resection of mandible and the reconstruction of 
the mandible was done by a fibula graft. 
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Figure 4  Post-op photograph (A) and orthopantomograph (B) of patient after surgical resection of the tumor by microvascular reconstructive surgery and 
reconstruction with a fibula graft.
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Abstract
AIM: To investigate cancer cell absence or presence in 
wide excision after biopsy of squamous cell carcinoma 
(SCC) and basal cell carcinoma (BCC) patients.

METHODS: 200 patients (100 BCC and 100 SCC) from 
the same dermatology clinic, who had positive margin 
upon biopsy, were selected from a computer generated 
randomized report. All selected patients had wide exci-
sion following biopsy. To determine the correlation of 
gender, age distribution and cancer absence, BCC and 
SCC cases were separated based on excision-cancer ab-
sent or present after wide excision. χ 2 tests, Fisher’s exact 
tests were used to analyze the ratio of male to female 
between excision-cancer absent and excision-cancer 
present patients, while Mann-Whitney U  test were used 
to compare the age distribution in the two groups. 
Statistical analyses were performed using SPSS version 

16.0 for Windows.

RESULTS: Our retrospective chart review of the pa-
tients showed that cancer cells were absent in 49% of 
BCC patients (n  = 100) and 64% of SCC patients (n 
= 100) who had previously had positive margins upon 
biopsy. Gender analysis showed the ratio of male to 
female (M/F) in the BCC arm was significantly higher 
compared with the SCC arm in those with excision-can-
cer absent (2.06 vs  0.66; P  = 0.004; χ 2 test). But M/F 
of excision-cancer absent and excision-cancer present 
in neither BCC nor SCC patients was statistically signifi-
cant. Age adjustment showed no significant difference 
between excision-cancer absent and excision-cancer 
present in BCC and SCC patients. Nevertheless, in exci-
sion-cancer absent cases, the age distribution showed 
that the BCC patients were younger than SCC patients 
(average age 67 vs  74; P  < 0.001; Mann-Whitney U  
test). In addition, our data also indicated that in the 
patient group of 71-80 years old, there were more SCC 
patients who showed excision-cancer absence (67.6% 
vs  39.4%; P  = 0.02; χ 2 test).

CONCLUSION: Our study indicates that approximately 
50% or more of BCC and SCC patients with positive 
margins found on biopsies did not have cancer cells 
present at the time of wide excisions. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Wide excisions are performed for skin cancers 
when malignant cells extend to the margins of biopsy.  
It is expected that cancer cells will appear in the ex-
cised tissue at the time of wide excision. However, an 
analysis of wide excision tissue samples from 200 pa-
tients revealed that approximately 50% or more basal 
and squamous cell carcinoma patients with cancer cells 
that extended to the margins in biopsy did not have 
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cancer cells present on wide excision. This finding sug-
gests that the wound caused by the biopsy itself may 
trigger a body response to eliminate cancer cells.

Yuan Y, Duff ML, Sammons DL, Wu S. Retrospective chart 
review of skin cancer presence in the wide excisions.World J 
Clin Cases 2014; 2(3): 52-56  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i3/52.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i3.52

INTRODUCTION
The incidence and mortality rates of  skin cancer are in-
creasing in the United States and many other countries[1]. 
Of  these skin cancers basal cell carcinoma (BCC) is the 
most common type followed closely by squamous cell 
carcinoma (SCC)[2]. The incidence of  BCC is 200/100000  
in men and 100/100000 in women[3]. BCC incidence 
increases with age; the median age for diagnosis is 68 
years old[4]. SCC incidence is 100/100000 in men and 
50/100000 in women[3]. Clinically if  skin cancer is sus-
pected, a biopsy is taken. The biopsy shows a small 
sample of  the lesion, which can be looked at microscopi-
cally by a pathologist. The pathology report will describe 
the type of  cancer and if  the cancer extends to the bor-
der (positive margin) or is completely excised (negative 
margin) in the tissue sample[5] (Figure 1). If  the lesion is 
completely removed, no further surgery is needed. For 
lesions with a positive margin, a wide excision surgery is 
done to remove the remaining cancer. This wide excision 
is a common and essential way to treat skin cancer, and 
incomplete excision may lead to cancer recurrence[6-8]. 
Theoretically, all the tissue samples from wide exci-
sion should contain cancer cells. However, pathological 
analyses of  tissue samples from wide excision in our 
clinic often only show evidence of  scar with no cancer 
cells remaining. All lesions had photos to ensure the cor-
rect lesion was excised. This observation has not been 
reported. In this study, we systematically analyzed the 
cancer cells absence or presence in wide excision after 
biopsy by subtype as well as sex and age from 100 SCC 
and 100 BCC patients. Our results will provide guidance 
for future determination of  potential mechanism that 
leads to the disappearance of  cancer cells in surrounding 
tissues of  biopsies.

MATERIALS AND METHODS
Patients’ data extraction
Chart review of  200 patients (100 BCC and 100 SCC) 
was obtained from a single dermatology office. The pa-
tients were selected from a computer generated random-
ized report of  those who had SCC and a separate list for 
those who had BCC. Only patients who had a positive 
margin at the time of  biopsy were included. Patients were 
excluded if  pathology was unavailable for either biopsy 

or wide excision. In cases where patients with more than 
one biopsy or wide excision, the first lesion from the list 
was chosen, this was the case unless there was no cor-
responding wide excision; or location of  biopsy and wide 
excision did not match. There was no exclusion of  pa-
tients who had SCC and BCC.

Statistical analysis
In this chart review, χ 2 tests were used to compare the 
difference of  gender distribution and excision-cancer ab-
sent percentage in assigned groups. When the sample size 
was less than 40, Fisher’s exact tests were used instead. 
All the difference of  age distribution was evaluated by 
Mann-Whitney U test. P < 0.05 was considered as statisti-
cally significant. These statistical analyses were performed 
using SPSS version 16.0 for Windows.

RESULTS
Clinical characteristics
First, the characteristics of  the selected patients were ana-
lyzed (Table 1). Among the 200 cases that were reviewed, 
including 100 BCC and 100 SCC patients, SCC was more 
common than BCC among female patients (57% vs 38%; 
P = 0.007; χ 2 test) while BCC was more common than 
SCC among male patients (62% vs 43%; P = 0.007; χ 2 
test). Despite a similar age range, the average age of  SCC 
patients were 8 years older than BCC patients (77 years vs 
69 years old; P = 0.003; Mann-Whitney U test). All skin 
cancer patients showed a positive margins upon biopsy. 
However, cancer cells were found to be absent in excised 
tissue of  49% of  the BCC patients and 64% of  the SCC 
patients. In addition, excision-cancer absent percentage 
in SCC patients was significantly greater than that in BCC 
patients (64% vs 49%; P = 0.032; χ 2 test). Analyses of  the 
excision-cancer absent in the different subtypes of  BCC 
and SCC indicated that there was no statistic significant 
difference in percentage among the analyzed subtypes of  
BCC or SCC (Table 2).

Gender distribution of excision-cancer absence with 
positive margins
To evaluate if  cancer cells absence or presence after 
wide excision was associated with gender, BCC and 
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BCC SCC Total patients

  No. of cases 100 100 200
   Sex
     Male   62 43 105
     Female   38 57   95
     Male/female          1.63 0.75 1.111

  Median age (range) 69 (42-92) 77 (45-95) 73 (42-95)2

  Biopsy margins positive 100 100 200
  Excision-cancer absent   49   64   1133

Table 1  Patients characteristics

P value (BCC vs SCC): 1P = 0.007; 2P = 0.003; 3P = 0.032. BCC: Basal cell car-
cinoma; SCC: Squamous cell carcinoma.



SCC patients were grouped based on excision-cancer 
absence/presence and then the ratio of  male to female 
was calculated respectively (Table 3). Despite the fact that 
a higher ratio of  male to female was found in excision-
cancer absent BCC patients than that in excision-cancer 
present BCC patients, the difference was not statistically 
significant (2.06 vs 1.32; P = 0.28; χ 2 test). A close ratio 
of  male to female SCC patients was observed in excision-
cancer absent and present groups (0.66 vs 0.95; P = 0.382; 
χ 2 test). However, in excision-cancer absent cases, the 
ratio of  male to female in BCC was significantly higher 
compared with SCC (2.06 vs 0.66; P = 0.004; χ 2 test). 

Age distribution of excision-cancer absence with 
positive margins
To evaluate if  the malignancy presence after excision was 
associated with age, BCC and SCC patients were grouped 
based on cancer presence/absence, and then the median 
and average ages for the patients in each group were 
calculated (Table 4). Our data indicated that while there 
was no statistically significant difference in ages for exci-
sion malignancy present and absent patients in both BCC 
(P = 0.191) and SCC (P = 0.534), the patients’ ages of  
excision-cancer absent cases for SCC were 8 years older 
than that for BCC (74 years vs 67 years old; P < 0.001; 
Mann-Whitney U test), which is similar to the difference 

between average age of  SCC and BCC patients (Table 2). 
Further evaluation of  the percentage of  excision-cancer 
absence in BCC and SCC based on age distributions (< 
60, 61-70, 71-80 and > 80 years old) revealed that while 
the percentage of  excision-cancer absence cases among 
the elderly SCC patients was increased, the percentage 
among the elderly BCC patients was decreased (Figure 
2). Our data indicated that in the patient group of  71-80 
years old, SCC showed significantly higher percentage  
compared with BCC (67.6% vs 39.4%; P = 0.02; χ 2 test). 

DISCUSSION
While currently there are limited reports linking local 
immune response and cutaneous carcinoma regression 
after biopsy, it is noteworthy that the local immune cells 
might contribute to eliminating residual skin cancer cells.  
For instance, dendritic cells (DCs), the typical antigen-
presenting immune cells which consist dermal DCs, 
Langerhans cells and plasmacytoid DCs, are abundant in 
both epidermal and dermal tissues and play central role 
in initiating immune response[9-11]. 

Despite DCs being present in human carcinomas, 
the potential to initiate an immune response is largely 
diminished by tumor environment[12,13]. Tumors suppress 
the function of  DCs significantly by exploiting different 
cytokines, including interleukin-6 (IL-6), macrophage 
colony-stimulating factor, IL-10 and IL-13[14-16]. It was re-
ported that the number of  Langerhans cells decreased in 
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Normal cell

Cancer cell
Negative margin Positive margin

Figure 1  Appearances of negative and positive 
margins in biopsies.

  Subtype No. of 
patients

Excision-cancer 
absent 

  BCC Nodular 53   26 (49.1)
Infiltrative 11     6 (54.5)

Nodular and superficial 25 15 (60)
Nodular and infiltrative 10   2 (20)

Infiltrative and superficial   1 0 (0)
  SCC In situ 45    26 (57.8)

Keratoacanthoma type 12   9 (75)
Moderately-differentiated   4   3 (75)

Well-differentiated 16 12 (75)
Invasive 12   6 (50)

Other types1 11      6 (54.5)

Table 2  Skin cancer subtype distribution  n  (%)

1Include following complex subtypes, intraepidermal epithelioma pattern, 
in situ-intraepidermal epithelioma pattern, in situ and invasive, in situ- 
well differentiated, moderately to poor differentiated, in situ acantholytic 
and focally invasive, in situ and focally superficial invasive, keratinizing 
well differentiated, and unknown types. BCC: Basal cell carcinoma; SCC: 
Squamous cell carcinoma.

Table 3  Gender distribution between excision-cancer absent 
and excision-cancer present cases of basal cell carcinoma and 
squamous cell carcinoma  n  (%)

M F Total M/F P  value

  BCC Excision-cancer absent 33 (67.3) 16 (32.7) 49 2.06 0.2801

Excision-cancer present 29 (56.9) 22 (43.1) 51 1.32
  SCC Excision-cancer absent 25 (39.7) 38 (60.3) 63 0.66 0.3821

Excision-cancer present 18 (48.6) 19 (51.4) 37 0.95
  Excision-
  cancer     
  absent
   cases

BCC 33 (67.3) 16 (32.7) 49 2.06 0.0042

SCC 25 (39.7) 38 (60.3) 63 0.66

P value: 1In BCC or SCC cases, the percentage of male (female) patients in 
excision-cancer absent vs present groups; 2In excision-cancer absent cases, 
the percentage of male (female) patients in BCC vs SCC. BCC: Basal cell 
carcinoma; SCC: Squamous cell carcinoma; M: Male; F: Female.
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SCC patients, it was decreased in elder BCC patients. 
These findings might provide evidence for a study on the 
specific mechanism of  cancer cell absence resulting from 
a biopsy induced immune response.
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COMMENTS
Background
When examining patients for suspected cancer, biopsies are performed to 
confirm that the lesion is in fact cancer, which type of cancer, as well as to de-
termine if the cancer is confined to the biopsy or extends to the margins (posi-
tive margins). For biopsies which show positive margins, wide excision will be 
performed. It is expected that cancer cells will appear in the excised tissues of 
wide excisions. However, clinically this is not always the case.
Research frontiers
As the classic treatment for skin cancer, the wide excision is necessary after 
the positive margin is confirmed in biopsy. Biopsy is indispensable to define the 
risk factors of skin cancer. The research hotspot in this field is how to determine 
the excision margins of different types of skin cancer based on result of biopsy.
Innovations and breakthroughs
This retrospective chart review provided evidences that 49% basal cell carcino-
ma (BCC) and 64% squamous cell carcinoma (SCC) patients did not have can-
cer cells left in the original location where the positive margin was reported in 
biopsy. Although the correlation between excision-cancer absence and gender 
or age distribution was excluded in both SCC and BCC patients, the analysis 
revealed that in excision-cancer absent cases, there were more male patients 
in BCC than that in SCC while SCC patients were older than BCC patients. 
Applications
The data provided in this study suggests a potential role of immune response 
caused by biopsy in removing residual cancer cells. The high percentage of 
excision-cancer absence might cushion the SCC and BCC patients against the 
fear of biopsy and promote compliance of them with biopsy demanded by der-
matologists. 
Terminology
Excision-cancer present SCC or BCC patient means that cancer cells were 
found in the widely excised tissue which contained positive margin which had 
been reported previously in biopsy. Excision-cancer absent SCC or BCC means 
no cancer cells were found in wide excision containing previously defined posi-
tive margin. 
Peer review
The work is well written and focuses on an interesting aspect of skin cancer 
surgery. 

SCC, though the mechanism is not fully understood[17-19]. 
In addition, SCC-associated DCs have much lower po-
tential to stimulate proliferation of  T-cells compared with 
DCs derived from normal tissue[20]. In view of  this tumor 
mediated suppression of  DCs, stimulating their function 
becomes a promising way to fight against skin cancer, as 
a limited number of  DCs are sufficient to induce an im-
mune response[21,22]. 

During the original biopsy of  the SCC or BCC, a 
substantial part of  the cancer tissue, as well as adjacent 
tumor-associated DCs and macrophages, were removed. 
This “tissue injury” would cause inflammation, accompa-
nied with both innate and adaptive immune responses in 
the wound healing process[23-25]. Neutrophils, followed by 
monocytes, infiltrate the wound where monocytes would 
differentiate into DCs or macrophages. On the one hand, 
the immune cells which were either suppressed by the 
tumor or benefit the tumor growth were removed so that 
local immune suppression is relieved. Fresh healthy im-
mune cells would then enter the wound area to “clean” 
the environment. Macrophages are the most abundant 
cells before fibroblast proliferation, which induced can-
cer cell apoptosis by producing nitric oxide or inducing 
nitric oxide production in tumor cells[26-30]. It is possible 
that the residual cancer cells were killed by these immune 
responses during the initial wound healing, leading to 
excision-cancer absence. Further research is needed to 
understand the underlying mechanism.  

In a conclusion, wide excisions from nearly 50% or 
more BCC and SCC patients with positive margins at bi-
opsy appeared to be absent of  cancer cells. The excision-
cancer absence is more frequently observed in SCC than 
BCC patients. No significant correlation between gender 
and cancer absence is found. However, while the percent-
age of  excision-cancer absence was increased in elder 

Median  age 
(range), yr

Average 
age, yr 

P  Value 

  BCC Excision-cancer absent 66 (45-92) 67 0.1911

Excision-cancer present 72 (42-90) 70
  SCC Excision-cancer absent 76 (48-95) 74 0.5341

Excision-cancer present 78 (45-91) 75
  Excision-  
  cancer   
  absent 

BCC 66 (45-92) 67 < 0.0012

SCC 76 (48-95) 74

Table 4  Age distribution between excision-cancer absent 
and excision-cancer present cases of basal cell carcinoma and 
squamous cell carcinoma

P value: 1In BCC or SCC cases, age distribution of excision-cancer absent 
vs present cases; 2In excision-cancer absent cases, age distribution of BCC 
vs SCC. BCC: Basal cell carcinoma; SCC: Squamous cell carcinoma.
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Figure 2  Age distribution and percentage of excision-cancer absence in 
basal cell carcinoma and squamous cell carcinoma. Basal cell carcinoma 
(BCC) and squamous cell carcinoma (SCC) cases were divided into four groups 
based on age, including cases younger than 60, 61-70, 71-80 and older than 80 
years old. The percentage of excision-cancer absence in each group is shown 
as squares (SCC) and circles (BCC). aP = 0.02, percentage of excision-cancer 
absence in BCC vs SCC in 71-80 years old group.
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Abstract
Chordomas are malignant tumors arising from noto-
chordal remnants. They are the most frequent tumors 
of the spine after plasmacytomas. Only 6% of chor-
domas are localized to the cervical level. In young pa-
tients, chordomas are rare and unpredictable. Despite 
this, the treatment of choice remains the total resec-
tion, as much as possible, followed by proton beam ra-
diation. This case was managed using a precarotid and 
retrocarotid approach at the same time. The tumor was 
completely resected with the edges free from disease. 
The cervical spine was stabilized with an anterior plat-
ing C2-C4. Eighteen months after surgery the patient 
is still free from illness. Multilevel oblique corpectomies 
are an available and safe option for the treatment of 
upper cervical chordomas.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Cervical chordoma; Multilevel oblique cor-
pectomy; Surgery; RXT; Retrocarotid approach 

Core tip: In young patients, chordomas are rare and 
unpredictable. Despite this, the treatment of choice re-
mains the total resection, as much as possible, followed 
by proton beam radiation. When there is a precarotid 
and retrocarotid extension, the removal by a multilevel 
oblique corpectomy seems to be a feasible and safe 
surgical technique. 

Delfini R, Marruzzo D, Tarantino R, Marotta N, Landi A. 
Multilevel oblique corpectomies as an effective surgical 
option to treat cervical chordoma in a young girl. World J Clin 
Cases 2014; 2(3): 57-61  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i3/57.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i3.57

INTRODUCTION
Chordomas are malignant tumors arising from notochord-
al remnants and are the most frequent tumors of  the spine 
after plasmacytomas. Only 6% of  chordomas are localized 
at cervical level[1,2]. The treatment of  choice is total resec-
tion, or removing as much as possible of  the tumor, fol-
lowed by proton beam radiation. As emphasized in previ-
ous studies, total resection and, in particular, en bloc removal 
are not always possible, especially in the upper cervical lo-
calization and when the tumor englobes the epidural space 
(as in our case). This is a consequence both of  the fact that 
the cervical chordoma infiltrates the nearby structures and 
that the margins of  the total resection include unresect-
able structures. In young patients, chordomas are rare and 
unpredictable. We describe a rare case of  an extensive cer-
vical chordoma in a 14-year-old girl treated simultaneously 
by a precarotid and retrocarotid approach. 

CASE REPORT
A 14-year-old girl was referred to our institution with 
cervical pain, dysphagia, hyperreflexia and weakness of  
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the four limbs for 8 mo. The preoperative magnetic reso-
nance imaging (MRI) showed a lesion of  C2-C3-C4 with 
marked retropharyngeal and epidural space involvement 
(Figure 1). The tumor extended from the C1 anterior 
tuberculum as far as the C5 superior plate. Since biopsy 
had been performed in another institute via C2-C3-C4 
interhemilaminectomy, the definitive result of  the biopsy 
was not available. 

A pre-operative CT showed erosion of  the C2-C3-C4 
vertebral bodies (Figure 2). An angio-MRI with gado-
linium administration pointed out that the left vertebral 
artery (VA) was encapsulated and displaced without 
reduction of  the vessel diameter. The tumor showed a 
spare contrast enhancement with gadolinium and in DWI 
was hyperintense in DWI sequences. Relating to the clini-
cal and radiological features, there were two diagnostic 
hypotheses, either an epidermoid cyst or chordoma. The 
tumor was classified IB according to the Enneking clas-

sification[3]. It was distributed to layers A-F and sectors 
4-7 according to the Weinstein Boriani Biagini Classifica-
tion[4]. 

Surgical procedure
Surgical strategy consisted of  a precarotid and retroca-
rotid approach during a single operation. The patient was 
positioned in the supine position with her head rotated 
30° to the right. A presternocleidomastoid longitudinal 
skin incision was performed starting from left mastoid 
process. Firstly, the precarotid approach was performed 
through which the retropharyngeal portion was removed 
(Figure 3). Infiltrated bone, the portion around VA and 
the epidural space component were removed via the sec-
ond approach, via multilevel oblique corpectomies. During 
surgery we employed ecodoppler monitoring to control 
the vertebral artery, as well as the operative microscope 
and the cavitron ultrasonic surgical aspirator, to remove 
the epidural component of  the tumor. The retropharyn-
geal component was removed by an en bloc excision, while 
an intralesional excision was performed to remove the re-
sidual tumor. The tumor was completely resected together 
with the disease-free borders. A C2-C3 and C3-C4 discec-
tomy with apposition of  synthetic bone was performed to 
improve and speed up fusion and the cervical spine was 
stabilized by means of  C2-C4 anterior plating. 

A post-operative computed tomography (CT)-scan 
confirmed the correct position of  the plate and the 
screws (Figure 4). The second day after surgery, the pa-
tient was free of  any neurological deficit and was able to 
stand up and started to walk. The patient was discharged 
from hospital the seventh day after surgery. Twenty days 
after surgery, a post-operative MRI showed total resection 
of  the tumor. A Shantz cervical collar was fitted for 45 d. 
Forty days after surgery, the patient received postoperative 
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Figure 1  Sagittal and axial T2-weighted 
magnetic resonance imaging showed diffuse 
increased signal of a lesion of C2-C3-C4 with 
important retropharyngeal portion.

Figure 2  Preoperative coronal computed tomography of the cervical 
spine demonstrating an osteolytic process involving vertebral body of C2, 
C3 and C4.



proton beam radiation therapy. A clinical and radiological 
control, consisting of  cervical MRI with gadolinium, was 
performed every 6 mo. Twenty days after surgery, the pa-
tient returned to school and at present leads a normal life. 
Fusion was documented at 40 d. No recurrence or metas-
tasis was observed 48 mo after the operation (Figure 5). 

DISCUSSION
Chordoma is a low-grade malignant tumor which is 

rare (incidence of  0.51 cases/million), and is generally 
slow-growing, radioresistant and has a high tendency of  
recurrence[4]. Chordomas arise from remnants of  the no-
tochord, especially at the two end portions. 32% of  chor-
domas arise from the clivus, 33% from the spinal cord, 
29% from the sacrococcygeal region and just 6% from 
the cervical spine[1]. The treatment of  choice is en bloc 
total resection followed by radiation therapy. The chor-
doma is sensitive to a high dose of  “standard” radiation. 
However, the Bragg peak effect of  a proton beam is use-
ful for delivering a high radiation dose without damaging 
the tissue around the tumor and the spinal cord[1,5]. Total 
resection and, above all, en bloc removal are not always 
possible, especially in the upper cervical localization and 
when the tumor englobes the epidural space (as in our 
case). This is a consequence of  the fact that the cervical 
chordoma infiltrates the nearby structures; moreover, 
the margins of  the total resection include non-resectable 
structures like the vertebral artery. However, as pointed 
out by Boriani et al[6], “en bloc removal of  a bone tumor is 
possible for a tumor arising in the scapula (scapulectomy) 
and tibia (above knee amputation), but it is absolutely 
impossible for a spinal tumor. In this sense, even if  the 
spinal cord is sectioned above and below, the epidural 
space represents a compartment extending from the skull 
to the coccyx. A trial of  aggressive chemotherapy is war-
ranted in patients with metastatic chordomas. In the lit-
erature[7-9], two protocols were primarily used, consisting 
of  ifosfamide or imatinib mesylate. Several approaches 
for treating upper cervical chordoma have been described 
in the literature: the anterior precarotid cervical approach 
(bilateral or not); the anterolateral retrocarotid approach; 
the transoral approach[10]; and anterior fixation or anterior 
and posterior fixation[11]. 

In the case described here, an anterior precarotid and 
an anterolateral retrocarotid (presternocleidomastoid) ap-

59 March 16, 2014|Volume 2|Issue 3|WJCC|www.wjgnet.com

Figure 4  Postoperative axial (A) and sagittal (B) reconstructed computed 
tomography scans of the cervical spine shows the oblique corpectomies 
and a fixation with an anterior plating C2-C4.

C2 C3

A

B

Delfini R et al . Multilevel oblique corpectomies for cervical chordoma

Figure 3  Intraoperative photos shows before 
(above) and after (below) en bloc excision of 
the retropharyngeal portion. The arrow points to 
the hypoglossal nerve.
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Imaging diagnosis
The preoperative magnetic resonance imaging showed a lesion of C2-C3-C4 
with marked retropharyngeal and epidural space involvement.
Treatment
Surgical strategy consisted of a precarotid and retrocarotid approach during a 
single operation. 
Experiences and lessons
Multilevel oblique corpectomies seems to be a feasible and safe surgical tech-
nique to treat a cervical chordoma. 
Peer review
This is well written case report presenting a rare condition which is explained well.
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Abstract
The case of a 32-year-old black woman of African de-
scent who suffered from repeated episodes of acute 
pancreatitis, initially triggered when flying on airplanes, 
is reported. She did not drink alcohol or smoke. Genetic 
analysis was negative for cationic trypsinogen, serine 
protease inhibitor Kazal type 1 and chymotrypsin C. 
However, hemoglobin F was elevated. Sequencing of 
the thalassemia gene revealed a novel alteration in the 
5’ region indicative of a functional abnormality of the 
molecule. Sequencing the cystic fibrosis transmem-
brane conductance regulator (CFTR) gene revealed a 
heterozygote sequence variant. The combination of a 
hemoglobin gene mutation known for thalassemia in 
conjunction with the hitherto undescribed CFTR muta-
tion is suggested to pave the road for initial and repeti-
tive pancreatitis attacks. This will be discussed.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Acute pancreatitis; Hypoxia; Flying; Thal-
assemia; Hemoglobin; Cystic fibrosis transmembrane 

conductance regulator; Hereditary persistence of fetal 
hemoglobin

Core tip: This is a discussion case with two genetic al-
terations, one in a pancreatitis-related gene and one in 
an unrelated gene that might influence the oxygenation 
in the pancreas. 

Löhr JM, Haas S. Can a polymorphism in the thalassemia gene 
and a heterozygote CFTR mutation cause acute pancreatitis? 
World J Clin Cases 2014; 2(3): 62-66  Available from: URL: 
http://www.wjgnet.com/2307-8960/full/v2/i3/62.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i3.62

INTRODUCTION
Within the group of  younger patients suffering from re-
current episodes of  acute pancreatitis, those not drinking 
alcohol impose a special diagnostic challenge. Many of  
these patients, who were coined to suffer from idiopathic 
pancreatitis even without a family history, may have mu-
tations in the genes known to be associated with this dis-
ease[1]. Among genes identified to convey the risk of  de-
veloping pancreatitis are cationic trypsinogen (PRSS1)[2], 
serine protease inhibitor Kazal type 1 (SPINK1)[3], chy-
motrypsin C (CTRC)[4] and cystic fibrosis transmembrane 
conductance regulator (CFTR)[5], whereas mutations in 
the anionic trypsinogen gene[6] appear to be protective. 
Some who may be negative for genetic factors may have 
anatomical abnormalities, such as pancreas divisum or 
other branching disorders[7]. Still then, a small subgroup 
is left with no identifiable reason. Those may suffer 
from rare metabolic conditions or syndromes, however, 
normally present with other symptoms indicative of  the 
underlying disease. Beyond those conditions, there are 
rather exotic reasons for suffering from acute pancreati-
tis. We here report on the combination of  two hitherto 
undescribed mutations in both an extrapancreatic and a 
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pancreatic gene that might explain the repetitive attacks 
of  pancreatitis.

CASE REPORT
Previous history
The 31-year-old black woman, who was brought up in 
Kenya but had been living in Germany for the last 8 
years, presented with repeated episodes of  acute abdomi-
nal pain which started in the middle epigastric region 
and would eventually radiate into the back, suggestive of  
acute pancreatitis. These episodes initially occurred after 
flying on regular commercial aircrafts. She was hospital-
ized eight years prior to this attack when 23 years old 
for cystitis and pyelonephritis when a diagnosis of  acute 
pancreatitis was established via computer tomography. At 
that time, she also suffered from iron-deficient anemia 
[hemoglobin (Hb) 10.7 g/dL, mean corpuscular volume 
69.4 μm, iron 28 mg/dL, ferritin 23 ng/mL]. 

Recent history prior to referral
Abdominal ultrasound and computed axial tomography 
scan were reported to be normal; endoscopic retrograde 
cholangiopancreatography showed a slightly irregular 
main pancreatic duct (grade 0); however, no pancreas 
divisum and no papillary abnormalities. No overt gall-
stones, microlithiasis or sludge was present. After the last 
episode, when the diagnosis of  acute pancreatitis was 
established by laboratory tests (elevated serum amylase 
and lipase) and abdominal ultrasound (swollen pancreas), 
the patient was referred to our outpatient pancreas clinic 
about one week after the last episode.

Current presentation
The patient denied any abdominal pain or discomfort, 
fever or occasional night sweating. Appetite was normal. 
Bowel movements were reported to be regular with nor-
mal stool consistency and she reported no weight loss. 
There was no family history of  pancreatitis or unclear 
abdominal pain. The patient denied any alcohol intake, 
smoking or experience with other drugs. There were no 
known allergies, prescription medicine or over-the-coun-

ter drugs. The patient is a graduate student.
The patient was in no apparent distress. The physical 

exam was completely normal, vital signs stable and spe-
cifically, the abdomen was not tender. Bowel sounds were 
normal. 

Laboratory tests
In the blood, amylase and lipase were elevated (Table 1). 
All other parameters were within normal limits (Table 1). 
Infectious pathogens known to be associated with pan-
creatitis (cytomegalovirus, Epstein-Barr virus, mumps, 
adenovirus, varicella zoster virus, rubella, human immu-
nodeficiency syndrome, Coxsackie, Legionella, leptospira, 
echinococcus, filariasis, fasciolosis, toxocara, bilharzia) 
could be excluded by serology. She did not have and had 
no history of  malaria. Autoantibodies against nuclei, 
mitochondria and smooth muscle were negative, as were 
rheumatoid factors. All immunoglobulins, especially total 
immunoglobulin G (IgG) and IgG4, were within normal 
limits. Fecal elastase-1 (985 μg/g) and fecal chymotrypsin 
(14.7 U/g) were well within the normal range.

Imaging
The pancreas appeared almost normal on ultrasound. 
Notably, the echogenicity was slightly elevated towards a 
so-called “white pancreas”[8] (Figure 1). There was a nor-
mal arterial blood supply to the pancreas. As the patient 
was slender, the transabdominal ultrasound had a good 
visibility: no gallstones, sludge or microlithiasis could be 
detected in the gallbladder or the bile duct all the way 
down into the pancreas.

Hematological and genetic tests 
Since the history of  present illness together with the 
ethnic background of  the patient was pressing, we per-
formed further analysis with regard to a possible hemo-
globinopathy. The ordinary complete blood count with 
blood smear was normal. 

Hemoglobin F was slightly elevated at 0.92%, sug-
gesting a “hereditary persistence of  fetal hemoglobin” 
(HPFH). Molecular analysis of  the hemoglobins resulted 
in the finding of  a heterozygous transition at -158 C → T 
within the 5’ non-coding region of  the Ggamma globu-
lin gene (HPFH Swiss)[9,10]. Sequencing of  the Agamma 
globulin gene did not reveal any abnormalities. Other 
genetic abnormalities associated with HPFH [HPFH-1 
(black), HPFH-2 (Ghana), HPFH-3 (Indian), HPFH-7 
(Kenya)] could not be detected. Sequencing of  the 
β-thalassemia gene revealed no abnormalities. Sequenc-
ing the CFTR gene revealed a heterozygote sequence 
variant (c.2882T>C; p.M961T (ATG>ACC). Sequencing 
of  PRSS1[2], SPINK1[3] and CTRC[4] did not reveal any ad-
ditional mutations in these pancreatitis genes.

Further course 
During a six year follow-up, the patient did not develop 
any further episodes of  pancreatitis. According to our 
recommendation, she resisted from flying.
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Figure 1  Transabdominal ultrasound depicting a pancreas (arrows) of 
normal size with slightly enhanced echogenicity.



DISCUSSION
In adolescent and young adult patients presenting with 
signs of  pancreatitis, associations with genetic abnormali-
ties are pressing[1]. Even in sporadic cases, mutations in 
the genes known to cause hereditary pancreatitis such as 
PRSS1 have been reported. More recently, mutations in 
SPINK1 and CTRC have been reported in patients with 
idiopathic pancreatitis. Those were all normal/negative in 
this patient. The earlier history of  present illness with fly-
ing to and from Kenya triggering the episodes of  pancre-
atitis made us suspicious of  other mechanisms underlying 
the etiology of  her pancreatitis. The ethnic background 
led to further analysis of  hemoglobinopathies, which 
revealed elevated hemoglobin F. Elevated fetal hemo-
globin is not uncommon: it has been detected in around 
10% of  teenage high school students[11], a few of  them 
with abnormalities. Amongst these, the Ggamma-globulin 
gene (HPFH Swiss) alteration is most frequent amongst 
females, all of  them described as of  Caucasian origin[11]. 
Detailed studies of  our young black female patient re-

vealed this heterozygous transition at -158 C → T within 
the 5’ non-coding region of  the Ggamma-globulin gene 
(HPFH Swiss) (Table 2). No other abnormalities could 
be detected. Notably, the patient did not suffer from clin-
ically overt thalassemia, not having the typical mutations 
in the hemoglobin A (β-chain). Since this particular vari-
ant is considered to be minor[12], this could not have been 
expected. Nevertheless, associations with rather complex 
hereditary traits have been described in these hemoglo-
binopathies[13]. 

Classical thalassemia is reported to be associated with 
acute pancreatitis; however, the etiology is biliary as gall-
stones are typical in these patients. Indeed, in a series of  
43 juvenile patients with acute pancreatitis, 30 suffered 
from choledocholithiasis caused by thalassemia[14]. 

Sequencing the CFTR gene revealed a heterozygote 
sequence variant that has not been described previously 
(Table 2). The pathophysiological meaning, especially in 
relation to pancreatitis, is therefore unknown.

Whereas neither of  these heterozygote mutations per 
se might have been sufficient to cause or contribute to 
pancreatitis, it is suggestive that the minor alterations in 
two genes, one pancreatic (CFTR) and one extrapancre-
atic (hemoglobin), might have culminated in a two-step 
mechanism leading to pancreatitis: impaired hemoglobin, 
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  Parameter Unit Value Range

  WBC 10E9/L 4.5 3.6-11.0
  RBC 10E12/L 4.73 3.8-5.2
  Hb g/dL 14.8 12-16
  Hct 43.9 35%-47%
  MCV fL 92.9 80-100
  Na mmol/L 139 135-144
  K mmol/L 4.28 3.5-5.2
  Ca mol/L 2.18 2.25-2.60
  Albumin g/L 36.4 35-52
  Blood glucose mg/dL 74 70-115
  Bilirubin (total) mg/dL 0.31 0.2-1.4
  Uric acid mg/dL 3.2 2.5-5.7
  Cholesterol mg/dL 173 130–260
  Triglycerides mg/dL 36 < 200
  BUN mg/dL 18.8 16.7-45.8
  Creatinine mg/dL 0.7 0.6-1.1
  Alkaline phosphatase U/L 80 55-160
  γGT U/L 9 4-18
  GPT/ASAT U/L 5 5-19
  GOT/ALAT U/L 13 5-15
  Cholinesterase U/L 4238 2800-7400
  HbA1C 1.51 1.2-4.6
  Zinc mmol/L 34 16-50
  Amylase U/L 183 25–115
  Lipase U/L 202 114-286
  Chymotrypsin U/g 14.7 > 6
  Elastase-1 μg/g 985 > 200
  HbF 0.92 < 0.5%
  HbA 92.73 87%-94%
  HbA2 2.14 1.6%-3.1%
  Anomalous Hb Not detectable
  ALA μmol/d 24 2-49
  Porphobilinogen μmol/d 6.6 0.5-7.5
  Total porphyrines μg/d 41.7 < 145

Table 1  Laboratory values upon presentation to the pancreas 
outpatient clinic

WBC: White blood cells; RBC: Red blood cells; Hb: Hemoglobin; Hct: 
Hematocrit; MCV: Mean corpuscular volume; BUN: Blood urea nitrogen; 
GOT/ASAT: Glutamic oxaloacetic transaminase; GPT/ALAT: Glutamic 
pyruvic transaminase; HbA1c: Hemoglobin A1c; ALA: Alpha lipoic acid.

  Etiology Parameter Negative/
normal

Positive Finding

  Metabolic 
  parameters

TSH, PTH, 
α-AT, lipids

X

  Immunological 
  parameters

IgG/IgG4; 
AMA, ANA, 
ASMA, RF

X

  Pancreatotrophic 
  virus

Adenovirus, 
Coxsackie, 
CMV, EBV, 

hepatitis, 
HIV, measles, 

mumps, 
Rubella, VZV

X

  Pancreatitis 
  genetics-acinar

PRSS1, CTRC, 
SPINK1

X

  Pancreatitis     
  genetics-ductal

CFTR X c.2882T > C; p.M961T 
(ATG > ACC)

  Hemoglobin HBs X Elevated
  HPFH Ggamma-

hemoglobin 
gene

X -158 C → T
(HPFH Swiss)

Agamma-
hemoglobin 

gene

X

Table 2  Summary of key findings

HIV: Human immunodeficiency syndrome; ANA: Autoantibodies against 
nuclei; AMA: Autoantibodies against mitochondria; ASMA: Autoanti-
bodies against smooth-muscle; CMV: Cytomegalovirus; EBV: Epstein-
Barr virus; VZV: Varicella zoster virus; PTH: Parathyroid hormone; TSH: 
Thyroid-stimulating hormone; IgG: Immunoglobulin G; RF: Rheumatoid 
factor; PRSS1: Pancreatitis cationic trypsinogen; SPINK1: Serine protease 
inhibitor Kazal type 1; CTRC: Chymotrypsin C; CFTR: Cystic fibrosis 
transmembrane conductance regulator; HBs: Hepatitis B surface; HPFH: 
Hereditary persistence of fetal hemoglobin.
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indicative of a functional abnormality of the molecule. 
Experiences and lessons
Sequencing the cystic fibrosis transmembrane conductance regulator (CFTR) 
gene revealed a heterozygote sequence variant. 
Peer review
This is indeed an interesting case that needs to be published to increase 
awareness of more uncommon causes.
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Abstract
Hutchinson-Gilford progeria syndrome (HGPS) is a rare 
dysmorphic syndrome characterized by several fea-
tures of premature aging with clinical involvement of 
the skin, bones, and cardiovascular system. HGPS has 
an estimated incidence of one in four million to one in 
eight million births. The main clinical features of HGPS 
include short stature, craniofacial dimorphism, alope-

cia, bone fragility, and cardiovascular disorders. The 
most frequent cause of death is myocardial infarction 
at a mean age of 13 years old. Dental manifestations 
include delayed development and eruption of teeth, 
discoloration, crowding and rotation of teeth, and dis-
placed teeth. Cone beam computed tomography im-
ages revealed the absence of the sphenoid, frontal, 
and maxillary sinus, flattening of the condyles and gle-
noid fossa, and bilateral hypoplasia of the mandibular 
condyles. The disease is caused by mutations in lamin 
A/C (LMNA ). Here, we present a case report of an 
11-year-old boy with classical features of HGPS, which 
was caused by a de novo  germ-line mutation (C1824T, 
G608G) in exon 11 of the LMNA gene. Some uncom-
mon HGPS-associated features in our patient, such as 
alterations in the facial sinuses and hypoplasia of the 
condyles, contributed to the expansion of the pheno-
typic spectrum of this syndrome from a dentomaxillofa-
cial perspective.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Cone beam computed tomography; LMNA 
mutation; Craniofacial anomalies; Temporomandibular 
joint

Core tip: Hutchinson-Gilford progeria syndrome (HGPS) 
is a rare genetic syndrome characterized by the ac-
celerated appearance of aging in children. We report a 
case of an 11-year-old boy with HGPS with uncommon 
HGPS-associated dentomaxillofacial features. Altera-
tions in the facial sinuses and hypoplasia of the con-
dyles were recognized in our patient, expanding the 
phenotypic spectrum of this syndrome. 
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INTRODUCTION
Hutchinson-Gilford progeria syndrome (HGPS; OMIN 
#176670) is an uncommon genetic disorder characterized 
by accelerated aging with clinical involvement of  the skin, 
bones, and cardiovascular system[1,2]. The prevalence of  
HGPS is one in four million to one in eight million live 
births; males are more frequently affected than females, 
and the intellect of  the affected children is unimpaired[3]. 
Clinically, individuals with HGPS demonstrate short 
stature, prominent eyes, micrognathia, craniofacial dis-
proportion, loss of  subcutaneous fat, alopecia, beaked 
nose, coxa valga, pathologic bone fractures, radiolucent 
terminal phalanges, hearing loss, photophobia, hyperten-
sion, hyperlipidemia, atherosclerosis, and cardiovascular 
disorders. The most frequent cause of  death is myocardial 
infarction at a mean age of  13 years old[4-11]. Oral altera-
tions include high rates of  tooth decay, crowding, delayed 
tooth development and eruption, tooth discoloration, hy-
podontia, maxillary and mandibular hypoplasia, and small 
mouth opening[5-7,12,13]. Recognition of  dentomaxillofacial 
features of  HGPS may allow oral health problems to 
be readily identified and aid in implementation of  pre-
ventative treatment plans to improve quality of  life[14,15]. 
Although HGPS demonstrates both autosomal dominant 
and autosomal recessive modes of  inheritance, most 
cases are due to sporadic mutations[16]. Mutations in the 
lamin A/C (LMNA) gene are responsible for HGPS[17-19].

Here we report a case of  HGPS in an 11-year-old boy 
with an uncommon phenotype and a de novo heterozy-
gous silent mutation at amino acid 608 (G608G) of  the 
LMNA gene.

CASE REPORT
An 11-year-old boy with a clinical diagnosis of  HGPS 
was referred to the Clinical Department, School of  Den-
tistry, Federal University of  Pará, Brazil for oral health 
care. He was suffering from angina, peptic ulcer disease, 
and limited joint mobility. His current medications were 
pravastatin (5 mg/d) to prevent cardiovascular disease 
and ranitidine (150 mg/d) for the treatment of  the peptic 
ulcer. The patient had normal neurodevelopment and 
showed the classical clinical features of  HGPS, including 
short stature, low weight/height ratio, thin and inelastic 
skin, eyes slightly open when sleeping, photophobia, 
osteoporosis in the femur region, generalized alopecia, 
prominent scalp veins, small face with a beaked nose, and 
high-pitched voice (Figure 1). The patient had no appar-
ent hearing loss. Echocardiogram and electrocardiogram 
results, blood pressure, pulse, and oxygen saturation were 
within normal limits. A hand-wrist radiograph showed 
radiolucencies of  the terminal phalanges and the skeletal 

maturity of  a 14-year-old boy with a chronological age of  
11 years and 8 mo.

His height and weight were 1.1 m and 17.4 kg, re-
spectively, which is well below the 3rd percentile for his 
age and only 4.4 kg greater than expected for a normal 
4.5-year-old boy. Oral examination revealed micrognathia, 
class Ⅱ malocclusion, and chronic trimus. Erupted teeth 
were of  normal size, shape and color, but the permanent 
incisors were lingually erupted. The patient had gingi-
vitis and low salivary flow, but had no dental caries and 
brushed his teeth while supervised by the mother. An or-
thopantomographic radiograph showed reduced dimen-
sions of  both arches with consequent lack of  space for 
the correct positioning of  the permanent teeth, mandible 
with a steep mandibular angle, eruption of  the perma-
nent teeth, and congenitally missing left upper second 
premolar and both lower second premolars (Figure 2). 
To better visualize the craniofacial features, cone beam 
computed tomography (CBCT) was performed. CBCT 
images revealed the absence of  the sphenoid, frontal, 
and maxillary sinuses (Figure 3A and B), flattening of  the 
condyles and glenoid fossa, and bilateral hypoplasia of  
the mandibular condyles (Figure 3C). Panoramic and axial 
images confirmed the dental alterations (Figure 3D-F).

To confirm the clinical diagnosis of  HGPS, DNA 
sequence analysis was performed. The parents gave in-
formed consent before the genetic study began. Muta-
tion analysis of  the LMNA gene with genomic DNA 
extracted from oral mucosa cells was performed accord-
ing to a published protocol[20]. The patient demonstrated 
a heterozygous C-to-T transition at nucleotide 1824 in 
exon 11 of  LMNA, which created a silent point mutation 
at codon 608 (GGC>GGT, G608G) (Figure 4). A similar 
mutation was not observed in the patient’s parents or sister.

DISCUSSION
This case highlights some common and uncommon 
dentomaxillofacial features associated with HGPS. Tooth 
size was essentially normal but the eruption sequence 
was complicated by both incomplete mandibular and 
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Figure 1  Clinical features of the patient at 11 years of age. A: Facial fea-
tures were characterized by a deformed head, generalized alopecia, a small 
face, a beaked nose, and thin and inelastic skin; B: In the lateral view, promi-
nent scalp veins and micrognathia are evident.
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maxillary growth and micrognathia, which contributed 
to dental impactions. Despite radiographic evidence of  
normal root development, tooth eruption appeared to 
be delayed by three years. In addition, the permanent 
incisors had erupted lingually, and two premolars were 
absent (hypodontia). Delayed eruption, malocclusion as-
sociated with lower anterior dentition crowding, and hy-
podontia are consistent findings in patients with HGPS, 
as well as enamel hypoplasia and discoloration[15,20-22]. The 
permanent teeth in the current case were macroscopically 
normal in shape and color. Patients who do not present 
alterations in the joints of  the hands can carry out oral 
hygiene perfectly, but adult supervision is required along 
with the use of  a toothbrush with a small head due to the 
small oral cavity and limited mouth opening. Interestingly, 
CBCT images revealed the absence of  the sphenoid, 

frontal and maxillary sinuses, shallow glenoid fossae, 
and bilateral hypoplasia of  the mandibular condyles and 
articular eminences. After evaluating radiographs of  21 
children aged newborn to 14.6 years old, Gordon et al[14] 
concluded that articulation deformities are not a com-
mon feature of  HGPS. Chen et al[11] reported a similar 
case to ours and highlighted that craniofacial anomalies 
of  HGPS contribute to increased number of  caries, 
severe malocclusion, and problems with swallowing, 
feeding, and speech. However, Ullrich et al[23] evaluated 
25 patients with HGPS and identified short mandibular 
rami in combination with flattened mandibular condyles, 
shallow glenoid fossae, and hypoplastic or absent articu-
lar eminences. The significance of  the sinus alterations 
was unclear; however, patient- and parent-related chronic 
trismus can occur after a long period of  regular dental 
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Figure 2  Panoramic radiograph showing delayed eruption of 
the permanent teeth, hypodontia of the left upper second pre-
molar and both lower second premolars, and temporomandibu-
lar joint malformation.

Figure 3  Craniofacial features of the Hutchinson-Gilford progeria syndrome patient detected by cone beam computed tomography. A, B: On sagittal (A) 
and coronal (B) images, hypoplasia of the sphenoid, frontal and maxillary sinuses was evident; C: This view depicts the temporomandibular joint alteration, which was 
characterized by flattening of the condyle and glenoid fossa and bilateral hypoplasia of the condyles; D: Panoramic view of the cone beam computed tomography 
(CBCT) revealing impaction of several permanent molars and hypodontia of the premolars; E, F: Axial slices of the CBCT showed malocclusion and lingual eruption of 
permanent teeth. 
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normal), which is essential for the conversion of  normal 
lamin A from prelamin A[18]. Since HGPS patients de-
velop severe atherosclerosis and death usually occurs as a 
result of  the complications of  cardiac or cerebrovascular 
diseases during adolescence, early diagnosis of  HGPS is 
important. To promote survival of  HGPS patients, an-
nual analysis of  the vascular status is recommended using 
baseline electrocardiogram, echocardiogram, and carotid 
duplex scans to evaluate stenosis and intimal thickness. 
Additional tests include a skeletal X-ray to evaluate com-
mon associated features (e.g., acroosteolysis, clavicular re-
sorption, and coxa valga), dual-energy X-ray absorptiom-
etry to assess bone mineral density, standard goniometry 
to assess global joint mobility, and nutritional assessment 
to optimize caloric intake[24].

In summary, we report one patient affected by HGPS 
who demonstrated unusual features, including the ab-
sence of  the sphenoid, frontal and maxillary sinuses and 
bilateral hypoplasia of  the mandibular condyles. Proper 
characterization of  the clinical features and genetic de-
fects is of  utmost importance for correct diagnosis and 
timely clinical management. Furthermore, early interven-
tion by a multidisciplinary team can increase the quality 
of  life and survival of  HGPS patients. 

COMMENTS
Case characteristics
An 11-year-old boy with a diagnosis of Hutchinson-Gilford progeria syndrome 
(HGPS) presented with a need for oral health care.
Clinical diagnosis
The patient exhibited classical clinical features of HGPS, including short stat-
ure, low weight/height ratio, thin and inelastic skin, eyes slightly open when 
sleeping, photophobia, generalized alopecia, prominent scalp veins, small face 
with a beaked nose, and high-pitched voice.
Differential diagnosis
Differential diagnosis included neonatal progeroid syndrome (Weidemann-
Rautenstrauch syndrome), acrogeria, Cockayne syndrome, Hallermann-Streif 
syndrome, gerodermia osteodysplastica, Petty-Laxova-Weidemann progeroid 
syndrome, and Werner syndrome.
Imaging diagnosis
Cone beam computed tomography (CBCT) images revealed absence of the 
sphenoid, frontal and maxillary sinuses, flattening of the condyles and glenoid 
fossa, and bilateral hypoplasia of the mandibular condyles. 
Pathological diagnosis
DNA sequence analysis and mutation analysis of the lamin A/C (LMNA) gene 
was performed with genomic DNA extracted from oral mucosa cells. The pa-
tient demonstrated a heterozygous C-to-T transition at nucleotide 1824 in exon 
11 of LMNA, which created a silent point mutation at codon 608 (GGC>GGT, 
G608G).
Treatment
The patient received medical and dental treatment to improve his quality of life. 
Related reports
Recognition of dentomaxillofacial features of HGPS may allow for early identifi-
cation of oral health problems and for the development of preventive treatment 
plans to improve quality of life.
Term explanation 
Hutchinson-Gilford progeria syndrome is an uncommon genetic disorder char-
acterized by accelerated aging with clinical involvement of the skin, bones, and 
cardiovascular system.
Experiences and lessons
Proper characterization of the clinical features and genetic defects of HGPS is 
of utmost importance for correct diagnosis and initiation of timely clinical man-

treatment. Thus, HGPS patients should be evaluated for 
temporomandibular joint (TMJ) disorders, and dentists 
need to be aware of  the possible TMJ complications after 
a long period of  regular dental treatment.

Despite the reported clinical characteristics, HGPS 
may be confused with other syndromes that include some 
features of  premature aging, including neonatal progeroid 
syndrome (Weidemann-Rautenstrauch syndrome), acro-
geria, Cockayne syndrome, Hallermann-Streif  syndrome, 
gerodermia osteodysplastica, Berardinelli-Seip congenital 
lipodystrophy (congenital generalized lipodystrophy), 
Petty-Laxova-Weidemann progeroid syndrome, Ehlers-
Danlos syndrome, progeroid form, and Werner syn-
drome[10,21]. Since an overlap in the clinical features of  the 
patients affected by progeroid syndromes is common, 
the diagnosis of  HGPS is based on the recognition of  
common clinical features and the detection of  mutations 
in the LMNA gene and eventually in the ZMPSTE2 
gene, a metallopeptidase involved in processing of  lamin 
A. LMNA mutations are present in more than 95% of  
cases, and genetic testing should start with analysis of  the 
p.G608G mutation at exon 11, in which 62% of  the de-
fects reside[12]. DNA sequencing from the patient report-
ed here revealed the p.G608G silent mutation. Although 
this mutation does not change the encoded amino acid, it 
results in the activation of  a cryptic splice site and causes 
a truncated lamin A protein (50 amino acids shorter than 

G  T G G G C G G A G  T G G G C G G A

G  T G G G C G G A G  T G G G N G G A

Nucleotide substitution: C1824T
Amino acid substitution: G608G

Figure 4  Detection of the LMNA mutation in the Hutchinson-Gilford 
progeria syndrome patient. Shown here are portions of the DNA-sequence 
electropherogram of the LMNA exon 11 of the affected patient, his parents 
and older sister. Compared to the normal sequence, the affected patient has a 
heterozygous C-to-T substitution at nucleotide position 1824 in the LMNA gene, 
which does not change the amino acid (G608G).
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agement; early intervention by a multidisciplinary team can increase the quality 
of life and survival of these patients.
Peer review
This article reports a case of Hutchinson-Gilford progeria syndrome in an 
11-year-old boy with an uncommon phenotype and a de novo heterozygous 
silent mutation at amino acid 608 (G608G) in the LMNA gene.
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Abstract
Resuscitation measures performed at the scene of the 
event have the ultimate impact on the outcome of a 
cardiac arrest. We analysed six case histories of those 
sudden cardiac arrest patients who were revived in the 
field and were subsequently admitted to the intensive 
care unit during a six-month period. All were known 
cardiac patients and were under the care of healthcare 
providers. Four of those were discharged home from 
the hospital and did not suffer any residual damage 
where as one died of multi-organ failure and the other 
was declared brain dead. The outcome was good in 
patients who received early intervention in the form of 
basic life support. The family members of non-survivors 
witnessed the cardiac arrest at home but were not fa-
miliar with the concept or procedures of basic life sup-
port. We propose that physicians who care for cardiac 
patients should undertake the task of increasing family 
member awareness and knowledge in the techniques 
of basic life support.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Heart disease; Cardiac arrest; Cardiopulmo-
nary resuscitation; Physicians; Family members; Educa-
tion and training

Core tip: Resuscitation measures performed at the 
scene of the event have a major impact on the out-
come of cardiac arrest. There is no specific strategy in 
place to motivate family members of cardiac patients to 
learn life-saving basic life support techniques. We pro-
pose that the physicians who care for cardiac patients 
should undertake the task of increasing family member 
awareness and knowledge of basic life support.

Ajmal M. An additional responsibility for physicians caring 
for cardiac patients: Insight from a case series. World J Clin 
Cases 2014; 2(3): 72-74  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i3/72.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i3.72

INTRODUCTION
Successful revival following sudden cardiac arrest de-
pends on patient characteristics and resuscitation mea-
sures[1]. Heart disease is the most common cause of  sud-
den cardiac arrest, and its risk can be reduced by long-
term efforts initiated by patients and their healthcare 
providers. However, “resuscitation measures” performed 
at the scene of  the event have a major impact on the out-
come of  cardiac arrest[2]. Recently, we reviewed a series 
of  out-of-hospital adult cardiopulmonary resuscitations 
carried out in the communities served by our regional 
hospital. An insight of  the outcome of  that case series is 
reported.

CASE REPORT
We analysed six case histories of  cardiac arrest patients 
who were revived in the field and were subsequently ad-
mitted to the intensive care unit during a six-month peri-
od. The patient characteristics and resuscitation measures 
are shown in Table 1.

In this series, cases 5 and 6 did not survive. Case 5 
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died of  multi-organ failure, and case 6 was declared brain 
dead. The other four patients were discharged home and 
did not suffer any residual damage. Though limited in 
number, this series reveals some patterns with regard to 
characteristics and resuscitation measure outcome: (1) all 
were known cardiac patients under the care of  healthcare 
providers; (2) in five of  the six patients, cardiac arrest 
was due to ventricular fibrillation, which is a shockable 
rhythm and requires the immediate use of  a defibrillator, 
such as automated external defibrillator; (3) the outcome 
was good in patients who received early intervention in 
the form of  “basic life support” (BLS); and (4) the fam-
ily members of  cases 5 and 6 witnessed the cardiac arrest 
at home but were not familiar with the concept or pro-
cedures of  BLS. Two of  the four patients who survived 
suffered from cardiac arrest while they were enjoying in a 
pub/bar and were able to receive BLS or even defibrilla-
tion immediately. One patient who collapsed on his own 
street was taken care of  by paramedical professionals em-
ployed at the local hospital who happened to be passing by, 
and one victim suffered cardiac arrest at a doctor’s appoint-
ment and was resuscitated by his primary care physician. 
One of  the patients who did not survive was the young-
est (56 years old) in this case series but did not receive 
cardiopulmonary resuscitation until an ambulance arrived 
twenty minutes later. We asked the families of  the sur-
vivors about their awareness and ability to provide BLS, 
and three of  the four families acknowledged that they did 
not know how to implement these measures.

DISCUSSION
Many social organizations actively promote public and 
community awareness about BLS. Healthcare employ-
ees and those that work at public facilities (e.g., airports, 
restaurants/pubs) are required to complete BLS training. 

However, there is no specific strategy in place to mo-
tivate family members of  cardiac patients to learn life-
saving BLS techniques[3]. We propose that physicians 
who care for cardiac patients should undertake the task 
of  increasing family member awareness and knowledge 
of  BLS[4]. Anesthesiologists can motivate families of  car-
diac patients who undergo anesthesia or intensive care 
unit admission. This can be accomplished through direct 
communication with individual families or in the form 
of  combined educational sessions with multiple fami-
lies[5]. This strategy is especially important in remote areas 
where ambulance response times are long.
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Case characteristics 
A series of six out-of-hospital sudden witnessed cardiac arrests in cardiac pa-
tients.
Clinical diagnosis
Return of spontaneous circulation following sudden cardiac arrest.
Differential diagnosis
Intact cerebral function, cerebral damage, and brain death.
Laboratory diagnosis
Post cardiac arrest.
Imaging diagnosis
Post cardiac arrest in five cases, severe cerebral damage (brain death) in one 
case.
Pathological diagnosis
Post cardiac arrest.
Experiences and lessons
Family members of cardiac patients should learn life saving basic life support 
techniques and health care providers involved in their care should motivate 
family members to learn these techniques.
Peer review
The author who analysed six case histories of cardiac arrest victims proposes 
that physicians who care for cardiac patients should undertake the task of in-
creasing family member awareness and knowledge of “basic life support”. The 
cases are not rare but the content is worth publishing.
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  Case Age
(yr)

Gender Cardiac
disease

Initial 
diagnosis

BLS/
ACLS

Initial    
treatment

In-hospital 
management

  1 68 Male Yes VFib Imme-
diate

BLS, 
ACLS

Ventilation
antiarrhythmic 

inotropes
  2 58 Male Yes VFib Imme-

diate
BLS, 

ACLS
ventilation

thrombolytic
inotropes

  3 79 Male Yes PEA Imme-
diate

BLS, 
ACLS

ventilation
thrombolytic 

inotropes
  4 64 Male Yes VFib Imme-

diate
BLS, 

ACLS
ventilation

antiarrhythmic
  5 74 Male Yes VFib Dela-

yed
ACLS ventilation

antiarrhythmic
hemofiltration

  6 56 Female Yes VFib Dela-
yed

ACLS ventilation
antiarrhythmic

therapeutic 
hypothermia

Table 1  Patient characteristics and resuscitation measures

ACLS: Advanced cardiac life support; BLS: Basic life support; PEA: Pulse-
less electrical activity; VFib: Ventricular fibrillation.
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Abstract
Ehlers-Danlos syndrome (EDS) is a group of inherited 
connective tissue disorders caused by collagen synthe-
sis defects. Several hemostatic abnormalities have been 
described in EDS patients that increase the bleeding 
tendencies of these patients. This case report illustrates 
a patient with an unusual presentation of a patient with 
type Ⅳ EDS, platelet δ-storage pool disease and fac-
tor Ⅴ Leiden mutation. Young woman having previous 
bilateral deep vein thrombosis and pulmonary emboli 
coexisting with ruptured splenic aneurysm and multiple 
other aneurysms now presented with myocardial infarc-
tion. Presence of factor Ⅴ Leiden mutation raises the 
possibility that the infarct was due to acute coronary 
thrombosis, although coronary artery aneurysm and 
dissection with myocardial infarction is known to oc-
cur in vascular type EDS. This is the first report in the 
medical literature of factor Ⅴ Leiden mutation in an 
EDS patient which made the management of our pa-
tient challenging with propensity to both bleeding and 
clotting.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Ehlers-Danlos syndrome; Factor V Leiden; 
Platelets; Coagulopathy

Core tip: Hemostatic abnormalities that have already 
been described in Ehlers-Danlos syndrome patients in-
clude platelet abnormalities (release defects, δ-storage 
pool disease) as well as clotting factor deficiencies that 
increase the bleeding tendencies of patients. The co-
existence of platelet δ-storage pool disease and factor 
Ⅴ Leiden mutation in our patient manifested as having 
aneurysms of the splenic, renal, hepatic, gastric, mes-
enteric arteries and diffuse aneurysms of the upper and 
lower extremities as well as bilateral lower extremity 
deep vein thromboses and pulmonary emboli. This pro-
pensity to both bleeding and clotting made the man-
agement of our patient challenging on this presentation 
with acute anterolateral myocardial infarction.

Refaat M, Hotait M, Winston B. Homozygous factor V Leiden 
mutation in type IV Ehlers-Danlos patient. World J Clin 
Cases 2014; 2(3): 75-77  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i3/75.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i3.75

INTRODUCTION
Ehlers-Danlos syndrome (EDS) is a group of  heteroge-
neous heritable diseases that cause hyperextensibility of  
the skin, hypermobility of  the large joints and easy bruis-
ing. It is classified in regard to main symptoms, the caus-
ative gene and the inheritance pattern. Among the eleven 
described types of  EDS, type Ⅳ EDS known as vascular 
form, is a rare autosomal dominant inherited disorder 
with a 100% phenotypic penetrance caused by a muta-
tion of  the COL3A1 gene encoding type Ⅲ collagen. 
EDS has an estimated prevalence of  1:5000 to 1:250000 
births, and among all, vascular type accounts for 5%-10% 
of  cases[1,2]. The vascular type is the most severe because 
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of  vascular system complications as type Ⅲ collagen rich 
systemic arteries may undergo dissection, aneurysm, or 
rupture. Vascular rupture or other organ rupture are the 
presenting signs in 70% of  patients with vascular EDS 
and the mean age for first major arterial or gastrointes-
tinal complication is 23 years[1]. As for the hemostatic 
abnormalities previously reported in EDS, patients have 
more tendency to bleed due to platelet abnormalities (re-
lease defects, δ-storage pool disease) and clotting factors 
deficiencies. We report a case of  a 40-year-old female 
with type Ⅳ EDS, platelet δ-storage pool disease and 
factor Ⅴ Leiden mutation. Patient who had multiple pre-
vious complications including rupture splenic aneurysm 
and multiple other aneurysms in addition to coexisting 
bilateral deep vein thrombosis and pulmonary emboli, 
presented with acute myocardial infarction. 

CASE REPORT
The patient is a 40-year-old woman previously diagnosed 
with Ehlers-Danlos syndrome type Ⅳ and aneurysms of  
the splenic, renal, hepatic, gastric, and mesenteric arteries 
as well as diffuse aneurysms of  the upper and lower ex-
tremities. She was transferred emergently from an outside 
hospital with nausea, vomiting, chest pain, shortness of  
breath, productive cough, and fever of  two days dura-
tion. Her history was significant for coagulopathy associ-
ated with platelet storage pool defect, factor Ⅴ Leiden 
with large bilateral lower extremity deep vein thromboses 
and pulmonary emboli, and diet controlled diabetes 
mellitus. Further history obtained from the patient and 
medical record revealed a healthy childhood and generally 
good health in early adulthood. The patient noted that 
she had always been “double jointed” in her hands. She 
had excessive bleeding after cesearian section and deep vein 
thrombosis in her twenties that prompted hematologic eval-
uation. This revealed a prolonged bleeding time and platelet 
storage defect, and factor Ⅴ Leiden homozygous mutation. 
The patient denied a tobacco smoking history.

At the age of  33 she was hospitalized for abdominal 
pain and underwent appendectomy for presumed ap-
pendicitis. Approximately one month later she presented 
again with further abdominal pain and was found to have 
a ruptured splenic artery aneurysm and multiple aneu-
rysms of  the hepatic, renal, gastric, and mesenteric arter-
ies. She underwent emergent splenectomy. Extensive vas-
cular adhesions were found on laparotomy at that time. 
Four days later she developed a left arm compartment 
syndrome due to an automated sphygmomanometer 
and underwent emergent vascular reconstruction of  her 
brachial artery. That hospitalization was further compli-
cated by post-op intrabdominal bleeding requiring repeat 
laparotomy and Jackson-Pratt drainage placement, and 
hematochezia due to anal fissures. During recovery from 
these acute events she developed thigh pain and pleuritic 
chest pain and was found with large bilateral deep vein 
thromboses and small pulmonary emboli. Surgical patho-
logical examination of  the splenic artery aneurysm with 
molecular and biochemical analysis were diagnostic of  
Ehlers-Danlos syndrome type Ⅳ.

Initial examination was significant for a woman in 
moderate distress, pulse of  115 bpm, blood pressure of  
80/40 mmHg, respiratory rate of  24 per minute with 
96% oxygen saturation on 15 L/min non-rebreather, 
and temperature of  101.7 F. She had elevated jugular 
venous pressure to 6 cm above the angle of  Louis, and 
diminished breath sounds in the right lung with right 
basilar rales. Her cardiac exam revealed no visible heave, 
a diminished point of  maximum intensity, a rapid regu-
lar rhythm, and a normal first and second heart sound 
with no audible S3. She had a holosystolic Ⅱ/Ⅵ mur-
mur loudest at the left sternal border that did not vary 
with respiration, and she had no pericardial rub. Her 
extremities were warm, and distal pulses were normal 
except for a diminished left radial pulse. She had a large 
surgical scar running the medial length of  her left arm 
from axilla to distal forearm. She had no peripheral 
edema. Further physical examination was notable for 
prominent veins of  the extremities with a transpar-
ent appearance of  the skin. Her finger, hand, and wrist 
joints were hypermobile with passive range of  motion. 
  Electrocardiogram revealed sinus tachycardia with 2 
mm ST elevations and Q waves in the antero-lateral 
leads consistent with acute antero-lateral myocardial in-
farction. Initial laboratory evaluation was significant for 
troponin Ⅰ of  189 ng/mL. Chest X-ray was significant 
for bilateral hazy infiltrates. The patient was offered 
emergent cardiac catheterization but declined. She also 
declined all antiplatelet and anticoagulant medications. 
Echocardiogram was performed revealing severely de-
creased systolic function with severe hypokinesis of  the 
anterior wall, septum, apex and inferior wall. The remain-
ing segments were hypokinetic. Right ventricular size 
and function and estimated pulmonary artery pressures 
were normal, and mild to moderate mitral regurgita-
tion was present. Her mental status, blood pressure, and 
chest pain improved with supportive measures including 
empiric antibiotics for community acquired pneumonia. 
 The patient’s recovery from anterolateral myocardial 
infarction and pneumonia was complicated by parapneu-
monic effusion. She tolerated percutaneous pleural drain-
age well and was discharged home.

DISCUSSION
Among the eleven described types of  EDS, type Ⅳ EDS, 
also known as vascular form, is a rare autosomal inher-
ited disorder of  connective tissue due to a mutation of  
the COL3A1 gene encoding type Ⅲ collagen. It presents 
a decreased amount of  type Ⅲ collagen and therefore 
an increased vascular friability and fragility. The vascular 
morbidity this patient has experienced is typical of  pa-
tients with vascular EDS type Ⅳ who do not express the 
typical hyperextensible skin and joints[3]. In fact, it is the 
most severe form and leads to premature death due to 
hemorrhage from the rupture of  the major and visceral 
arteries. Besides the connective pathology responsible 
for the bleeding tendency, several hemostatic abnormali-
ties have been described in EDS patients. These include 
platelet abnormalities (release defects, δ-storage pool 
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disease) as well as clotting factor Ⅷ, Ⅸ, XI and XIII de-
ficiencies[4-6]. However, cause of  the acute anterolateral 
myocardial infarction remains unclear in this unfortunate 
young woman with the combination of  platelet storage 
pool defect with coagulopathy and factor Ⅴ Leiden mu-
tation with history of  deep vein thromboses and pulmo-
nary emboli. Coronary artery aneurysm and dissection 
with myocardial infarction is known to occur in vascular 
type EDS[7-14]. The coexistence of  factor Ⅴ Leiden muta-
tion further raises the possibility that the infarct was due 
to acute coronary thrombosis, although a clear associa-
tion between MI and factor Ⅴ Leiden in non-smokers 
has not been established[15]. Coronary artery aneurysm 
with or without dissection as an anatomic substrate for 
acute coronary thrombosis in this individual with fac-
tor Ⅴ Leiden is one possibility that could tie together 
her vascular and hematologic abnormalities that resulted 
in acute anterolateral myocardial infarction. This patient 
had an unusual combination of  pathologies. This rare as-
sociation of  EDS type Ⅳ, platelet δ-storage pool disease 
and factor Ⅴ mutation is not previously described. As our 
patient illustrates, this association predisposes to bleeding 
and clotting tendencies. While there is no therapy for EDS, 
desmopressin acetate reduces the bleeding time in patients 
with EDS type Ⅳ and platelet δ-storage pool disease[16].

COMMENTS
Case characteristics
A 40-years-old female diagnosed with Ehlers-Danlos syndrome (EDS) type Ⅳ 
presented with chest pain, shortness of breath and productive cough. 
Clinical diagnosis
Diminished breath sounds in the right lung, holosystolic Ⅱ/Ⅵ murmer loudest 
at left sternal border and elevated jugular venous pressure to 6 cm above the 
angle of Louis. 
Differential diagnosis
Myocardial infarction, pulmonary embolism, pneumonia. 
Laboratory diagnosis
Troponin I 189 ng/mL.
Imaging diagnosis
Electrocardiogram (ECG): 2 mm ST elevations and Q waves in anterolateral 
leads; chest X-ray: Bilateral hazy infiltrates; echocardiogram: Decreased systolic 
function with severe hypokinesis of anterior wall, septum, apex and inferior wall.
Pathological diagnosis
ECG and troponin suggestive of anterolateral myocardial infarction.
Treatment
Patient declined both emergent cardiac catheterization and antiplatelet/antico-
agulation medications.
Related reports
Patients with type Ⅳ Ehler-Danlos are reported to have increased tendency to 
bleed rather than having hypercoagulability state. 
Experiences and lessons
This case report shows unusual coexistence of platelet storage disease and 
factor Ⅴ Leiden mutation in EDS, predisposing our patient to bleeding and clot-
ting tendencies. 
Peer review
This article reports an interesting factor Ⅴ Leiden mutation in an Ehlers-Danlos 
patient.
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Abstract
Stroke is an important cause of death and disability in 
adults. However, effective treatments for patients with 
acute ischemic stroke are limited. Intravenous recombi-
nant tissue plasminogen activator (iv  rtPA) within 4.5 h 
after onset has been approved as a standard treatment 
for patients with acute ischemic stroke. However, due 
to time constraints, less than one percent of acute isch-
emic stroke patients in Thailand are able to obtain iv  
rtPA. Although endovascular interventional therapy has 
not yet been approved as standard treatment in acute 
ischemic stroke, it is the one of the potentially effective 
treatment options. There are several reliable methods 
of endovascular therapy for acute ischemic stroke pa-
tients. Endovascular interventional therapy has rarely 
been done in Thailand. We report seven patients with 
successful recanalization after endovascular treatment 

in acute large vessel stroke from a single stroke center 
in Thailand. Patient screening and selection with multi-
modal imaging protocol and multimodality methods of 
endovascular interventional therapy are described.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Acute ischemic stroke; Intra-arterial throm-
bolysis; Endovascular therapy; Mechanical thrombec-
tomy

Core tip: We report seven patients with successful re-
canalization after endovascular treatment in acute large 
vessel stroke from a single stroke center in Thailand. 
Patient screening and selection with multimodal imag-
ing protocol and multimodality methods of endovascu-
lar interventional therapy are described.

Jongsathapongpan A, Raumthanthong A, Muengtaweepongsa 
S. Successful recanalization with multimodality endovascular 
interventional therapy in acute ischemic stroke. World J Clin 
Cases 2014; 2(3): 78-85  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i3/78.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i3.78

INTRODUCTION
Stroke is the leading cause of  adult disability, particularly 
in the elderly, and remains the third most common cause 
of  death in the developing world, as well as in Thai-
land[1,2]. Despite improving the quality of  stroke manage-
ment, morbidity and mortality related to stroke remain 
significant[3]. Intravenous recombinant tissue plasmino-
gen activator (iv rtPA) is a standard treatment for patients 
with acute ischemic stroke[4]. The NINDS study shows 
that iv rtPA given within 3 h of  stroke onset improves 
the modified Rankin Scale (mRS) at 90 d[5]. The recent 

CASE REPORT

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.12998/wjcc.v2.i3.78

78 March 16, 2014|Volume 2|Issue 3|WJCC|www.wjgnet.com

World J Clin Cases  2014 March 16; 2(3): 78-85
 ISSN 2307-8960 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

World Journal of
Clinical CasesW J C C



ECASS3 trial expands indication of  intravenous rtPA 
to 4.5 h[6]. Clinical benefit from iv rtPA to Thai stroke 
patients has been shown in studies[7,8]. However, most 
stroke patients are still not able to get iv rtPA due to de-
layed arrival and tight exclusion criteria[9].

Identification of  ischemic penumbra with diffusion-
perfusion mismatch by magnetic resonance imaging 
(MRI) may have a role in patient selection for further 
treatment in acute ischemic stroke[10,11]. However, the 
benefit on clinical outcomes of  this imaging selection for 
endovascular treatment in patients with acute ischemic 
stroke is still controversial[12]. 

Intra-arterial thrombolysis is a viable option to some 
patients who arrive after the 3 h[13]. The PROACT Ⅱ trial 
showed that recanalization rate and functional outcomes 
are better with intra-arterial thrombolysis[14]. Mechanical 
thromboembolectomy in acute ischemic stroke has re-
ceived intense interest in recent years. The multi MERCI 
trial shows that clot removal with the device, which can 
be done up to 8 h after stroke onset, raises the recanaliza-
tion rate up to 60%[15]. The Penumbra Pivotal trial shows 
that continuous thrombus aspiration with a Penumbra 
catheter can improve the recanalization rate to more than 
80%[16]. The SWIFT trial shows that clot extraction with 
the Solitaire device in large vessel occlusion, including 
internal carotid artery (ICA), middle cerebral artery part 1 
(M1), middle cerebral artery part 2 (M2) and basilar artery 
(BA), also provides a recanalization rate of  up to 80%[17]. 
Unfortunately, the two most recent trials published in a 
landmark journal do not show any benefit in functional 
outcomes from endovascular treatment in acute ischemic 
stroke[18,19]. 

In Thailand, endovascular interventional therapy 
rarely has been performed in patients with acute ischemic 
stroke. Intra-arterial recombinant tissue plasminogen 
activator (ia rtPA) is an option in some medical centers. 
Imaging selection is also optional for decision making in 
some centers. Recently, Solitaire and Penumbra devices 
have been available for commercial use. We report our 
initial experiences with these procedures.

Phyathai 2 is a private hospital located in central of  
Bangkok. This 200 bed hospital provides 20 intensive 
care unit  beds for medical intensive conditions, includ-
ing acute ischemic stroke. The medical records of  pa-
tients who received endovascular interventional therapy 

for acute large vessel occlusion (ICA, M1, M2 and BA) 
in Phyathai 2 Hospital during February 2010 to January 
2013 were reviewed. 

Endovascular interventional therapy protocol 
Acute ischemic stroke patients who were not eligible for 
iv rtPA or who still had significant deficits after iv rtPA 
were evaluated by the stroke neurologist (SM). A stroke 
interventional team (Jongsathapongpan A, Raumthan-
thong A) was alerted. Multimodal MRI (conventional 
MRI with MRA and MR perfusion) was done on an 
emergency basis. If  the diffusion-perfusion mismatch 
was more than 20%, the patient would be transferred to 
the catheterization lab for endovascular treatment. The 
anesthesiologist was standing by in the catheterization lab.

The right femoral artery was cannulated with an 8 F 
sheath. Selective angiography of  the carotid or vertebral 
artery was done with a 5 F Simmon 1 or a 5 F JR4 cath-
eter. The aortic arch angiogram and 4 vessel DSA were 
not routinely performed. If  an occluded artery was con-
firmed, a 6 F 90 cm sheath was placed as far as a distal 
cervical ICA or a distal V2 segment. A 018 microcatheter 
was advanced over the guidewire to the occlusion site. 
Low dose ia rtPA (less than 5 mg) was given. If  no clot 
lysis was seen, continuous clot aspiration using a Penum-
bra device or clot extraction with a Solitaire device was 
performed.

CASE REPORT
We identified 7 cases. Age ranged from 56-87 years. Na-
tional Institutes of  Health Stroke Scale (NIHSS) ranged 
from 9-30. Multimodal MRI was done in 6 of  7 cases 
(86%). There were 2 patients with ICA occlusion, 2 with 
middle cerebral artery (MCA) occlusion and 3 with BA 
occlusion. Carotid stenting was performed in one case. ia 
rtPA, mechanical thrombectomy and combined treatment 
were done in 4, 5 and 3 cases, respectively. Solitaire and 
Penumbra devices were used in 2 and 3 cases, respective-
ly. Only 1 patient received intervention after intravenous 
thrombolysis. Case presentation and treatment are sum-
marized in Table 1. 

Case 1
Left distal ICA occlusion opened with ia rtPA and 
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Sex Age Location NIHSS Onset (h) AF iv  rtPA (mg) ia  rtPA(mg) Solitaire Penumbra Carotid stent Final mRS Any ICH sICH

  1 F 56 ICA 20 3 - 59 8 Y - - 2 N N
  2 F 80 BA NA 5.5 Y - - - 032” - 4 N N
  3 M 64 ICA, M1 10 5.5 - - - - - Wall stent 1 N N
  4 M 81 BA 30 13 Y - - Y - - 0 N N
  5 M 61  M1 9 6 - - 5 - - - 0 Y N
  6 F 87 BA NA 5 Y - 5 - 041” - 4 N N
  7 M 70 M1 NA 5 - - 5 - 041” - 2 Y N

Table 1  Summary of clinical presentation, treatment provided and clinical outcome

F: Female; M: Male; ICA: Internal carotid artery; BA: Basilar artery; NIHSS: National Institutes of Health Stroke Scale; iv rtPA: Intravenous recombinant tis-
sue plasminogen activator; ia rtPA: Intra-arterial recombinant tissue plasminogen activator; NA: Not available; Y: Yes; N: Not.



Solitaire device: A 56-year-old female presented with 
right hemiparesis and aphasia. She arrived at hospital 1 
h after onset. Emergency computed tomography (CT) 
brain showed cord sign in left MCA and distal ICA. Ini-
tial NIHSS was 20. Electrocardiography (EKG) showed 
normal sinus rhythm. Echocardiography showed no 
intracardiac thrombus. iv rtPA was given 90 min after on-
set. No neurological improvement was noted. Two hours 
after iv rtPA, angiography was done. We found distal ICA 
occlusion. Balloon inflation with a 2.0 mm × 15 mm 
coronary balloon was attempted without success. Eight 
milligrams of  ia rtPA was infused. No clot lysis was seen. 
Then, a 4.0 × 15 Solitaire device was deployed 5 h after 
onset. Immediate angiography showed thrombolysis in 
cerebral infarction (TICI) 2 flow. The Solitaire was slowly 
pulled back and a large thrombus was removed. Residual 
stenosis of  mid M1 persisted but it resolved after 1 mg 
of  nimodipine. Final angiography showed TICI 3 in M1 
and anterior cerebral artery part 1 (A1). Occlusion of  
anterior cerebral artery part 2 (A2) was noted. No further 
intervention was attempted. Six months after the proce-
dure, mRS was 2 (Figure 1A and B).

Case 2
BA occlusion opened with ia rtPA and Penumbra 
device: An 80-year-old female presented with alteration 
of  consciousness. She had hypertension and chronic AF. 
Warfarin had been discontinued during the last month 
for unknown reasons. Immediate CT brain showed hy-
perdense basilar artery. MRI and MRA brain revealed 
small right cerebellar infarction and occlusion of  mid 
basilar artery. Patent bilateral fetal type posterior cerebral 
artery was noted. Echocardiography showed no intracar-
diac thrombus. She was transferred to the catheterization 
lab 5.5 h after onset. Angiogram showed near occlusion 
of  mid BA. Continuous thrombus aspiration with a 032 
Penumbra catheter was done. TICI 3 was seen from 
proximal to mid basilar artery and bilateral superior cer-
ebellar artery. Occluded distal basilar artery could not be 
opened. MRI brain on the next day showed bilateral su-
perior cerebellar infarction. No intracranial hemorrhage 
was seen. After 3 mo mRS was only 4. Four months later, 
she suffered from a left MCA stroke despite dabigatran 
maintenance. No thrombolytic drug was given because 
of  late presentation (Figure 1C and D).

Case 3 
Tandem ostial left ICA and distal M1 occlusion 
opened with carotid stent: A 64-year-old male was 
admitted for prostate surgery. Two days after the opera-
tion, he developed a right hemiparesis and dysphasia. 
Initial NIHSS was 10. MRI and MRA brain showed small 
left MCA infarction and severe ostial left ICA stenosis. 
Because of  symptom fluctuation, iv rtPA was not given. 
Endovascular treatment was done because of  a large 
diffusion-perfusion mismatch (> 20%). Angiography was 
done 5.5 h after onset. Critical ostial ICA stenosis and oc-

clusion of  supraclinoid ICA were seen. After deployment 
of  a distal protection device, carotid stenting was done 
using 7.0 mm × 30 mm WALLSTENT™. Angiogram 
showed good flow of  left ICA. Occluded distal M1 was 
noted. No further intervention was attempted because of  
good collateral flow. Two days after the procedure, NI-
HSS was 1 and mRS was 1 (Figure 1E and F). 

Case 4
Basilar artery occlusion opened with Solitaire device: 
An 81-year-old male presented with left hemiparesis. He 
arrived at hospital 7 h after onset. He had hypertension, 
dyslipidemia and chronic atrial fibrillation. Echocardiog-
raphy revealed no intracardiac thrombus. MRI and MRA 
brain showed small right cerebellar infarction and mid 
basilar artery occlusion. He was transferred to the cath-
eterization lab 13 h after onset. Angiography showed tor-
tuous left vertebral artery and occluded proximal BA. We 
failed to advance a 5 F hydrophilic catheter over the left 
vertebral artery. Then, a homemade 90 cm shortened JR 
7 F guiding catheter was placed at the proximal vertebral 
artery. A 4.0 mm × 15 mm Solitaire was deployed at the 
basilar artery. After thrombus extraction, TICI 3 flow of  
basilar was noted. Some residual thrombus remained in 
the basilar artery. No further intervention was attempted. 
He regained full consciousness the next day. Final NIHSS 
was 1 and mRS was 0 (Figure 1G and H). 

Case 5
Left distal M1 occlusion opened with ia rtPA: A 
61-year-old male presented with right arm weakness and 
dysphasia. He arrived at hospital 1 h after onset. Initial 
NIHSS was 9. EKG was sinus rhythm. Echocardiogra-
phy showed no intracardiac thrombus. MRI and MRA 
brain revealed small infarction in the left MCA area and 
left distal M1 occlusion. A large diffusion-perfusion mis-
match was seen. He was transferred to the catheterization 
lab 4 h after onset. Angiography showed occlusion of  
superior M2 and slowed flow in the inferior M2 branch. 
Good pial collateral flow to the left superior M2 area 
was seen. Five milligrams of  ia rtPA was given. TICI 3 
flow of  M1 and inferior M2 was noted. The superior M2 
branch was still occluded. No further intervention was 
attempted. CT brain on the next day showed small spot 
hemorrhage in the left temporal lobe and small infarction 
of  the left corona radiata. Right hemiparesis improved 
after the procedure. Three months later, he had only mild 
dysphasia and mRS was 0 (Figure 1I and J). 

Case 6 
BA occlusion opened with ia rtPA and Penumbra de-
vice: An 87-year-old female patient was referred to our 
hospital because of  loss of  consciousness. Initial CT scan 
showed no significant hypodense area. EKG showed atri-
al fibrillation. MRI and MRA brain showed left pontine 
infarction and small bilateral cerebellar infarction. She 
was transferred to the catheterization lab 5 h after onset. 
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with Penumbra 041 catheter was done. Complete clot re-
moval was seen. CT brain on the next day showed small 
subarachnoid hemorrhage in the left sylvian fissure. No 
new infarction was seen. Three months later, he had only 
mild weakness of  the right arm and mRS was 2 (Figure 
1M and N). 

DISCUSSION
We described 7 cases of  endovascular treatment with suc-
cessful recanalization in acute ischemic stroke patients. 
Good outcome, defined by mRS less than 2, were found 
in 5 of  7 cases (71%). When mechanical thromboem-
bolectomy devices were used, successful recanalization 
rate and good outcome were found in 80% and 60%, 
respectively, which are comparable to 81% and 25%, 
respectively in the PENUMBRA pivotal trial and 61% 
and 58%, respectively in the SWIFT trials. There was no 
mortality in our series, compared to 38% in the PEN-
UMBRA pivotal trial and 17% in the SWIFT trial. In our 
series, intracranial hemorrhage and symptomatic intracra-
nial hemorrhage were found in 28% and 0%, respectively, 
which is comparable to 28% and 11%, respectively in the 

Angiogram showed occlusion of  distal BA. ia rtPA 5 mg 
was given without improvement. Four minutes of  contin-
uous thrombus aspiration with a Penumbra 041 catheter 
was done. Complete clot removal was seen. FU CT brain 
on the next day showed no intracranial hemorrhage but a 
new right occipital lobe infarction was seen. Despite the 
good angiographic outcome, she only had mRS 4 on the 
final visit (Figure 1K and L). 

Case 7
Left M1 occlusion opened with ia rtPA and Penum-
bra device: A 70-year-old male patient was referred to 
our hospital because of  stupor, right hemiplegia and 
aphasia. He had diabetes, hypertension and was post 
coronary artery bypass surgery. EKG showed normal 
sinus rhythm. Echocardiography showed no intracardiac 
thrombus. Initial CT scan showed old cerebral infarc-
tion and so iv rtPA was not given. MRI and MRA brain 
showed occlusion of  left M1. DWI showed no acute 
infarction. He was transferred to the catheterization lab 5 
h after onset. Angiogram showed occlusion of  left distal 
M1. ia rtPA 5 mg was given via a Rebar microcatheter 
without success. Three minutes of  continuous aspiration 

Figure 1  Case angiogram. A: Pre-procedure imaging showed occlusion of distal left internal carotid artery (black arrow); B: Post-procedure imaging showed good 
flow of middle cerebral artery (MCA) and A1 (white arrow), occlusion of A2 (arrowhead) was noted; C: Pre-procedure imaging showed near total occlusion of mid basi-
lar artery (BA) (black arrow); D: Post-procedure imaging showed improved in mid BA, distal BA (arrowhead) still occluded; E: Pre-procedure imaging showed critical 
stenosis of ostial left including internal carotid artery (ICA) (black arrow); F: Post-procedure imaging showed mild residual stenosis of proximal ICA after carotid stent-
ing (arrowhead); G: Pre-procedure imaging showed proximal BA occlusion (black arrow); H: Post-procedure imaging showed patent BA with some residual thrombus 
in proximal part (arrowhead); I: Pre-procedure imaging showed thrombotic occlusion of superior M2 branch and slow flow of inferior M2 branch (black arrow); J: Post-
procedure imaging showed good flow of inferior M2 branch, superior M2 branch still occluded and that area was supplied from pial collateral (arrowhead); K: Pre-
procedure imaging showed occlusion of distal BA (black arrow); L: Post-procedure imaging showed patent BA (white arrow) and right posterior cerebral artery (PCA), 
with left PCA still occluded (arrowhead); M: Pre-procedure imaging showed occlusion of distal left M1 (black arrow); N: Post-procedure imaging showed good flow of 
left MCA (arrowhead) and all branches.
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few minutes in this critical condition. Using multimodal 
CT instead of  MRI may also be a time saver. An inter-
ventionist should be available 24/7. Activation of  the 
interventional team during the imaging study is crucial. 
Using mechanical thromboembolectomy as a first line 
treatment, instead of  intra-arterial thrombolysis, should 
be of  benefit.
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vascular treatment in acute large vessel stroke from a single stroke center in 
Thailand.
Clinical diagnosis
There were 2 patients with internal carotid artery occlusion, 2 with middle cere-
bral artery occlusion and 3 with basilar artery (BA) occlusion.
Imaging diagnosis
Multimodal magnetic resonance imaging was done in 6 of 7 cases (86%).
Treatment
Carotid stenting was performed in one case. Intra-arterial recombinant tissue 
plasminogen activator, mechanical thrombectomy and combined treatment 
were done in 4, 5 and 3 cases, respectively. Solitaire and Penumbra devices 
were used in 2 and 3 cases, respectively.
Related reports
Multimodal magnetic resonance imaging (MRI) is the most reliable study to select the 
patients.
Experiences and lessons
Focused stroke MRI protocol may reduce time by a few minutes in this critical 
condition. Using multimodal computer tomography instead of MRI may also be 
a time saver.
Peer review
The manuscript is a nicely written collection of 7 cases of acute ischemic stroke 
that were treated with various endovascular techniques. The report is worthy of 
being published.

REFERENCES
1 Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray 

CJ. Global and regional burden of disease and risk fac-
tors, 2001: systematic analysis of population health data. 
Lancet 2006; 367: 1747-1757 [PMID: 16731270 DOI: 10.1016/
S0140-6736(06)68770-9]

2 Hanchaiphiboolkul S, Poungvarin N, Nidhinandana S, Su-
wanwela NC, Puthkhao P, Towanabut S, Tantirittisak T, Su-
wantamee J, Samsen M. Prevalence of stroke and stroke risk 
factors in Thailand: Thai Epidemiologic Stroke (TES) Study. J 
Med Assoc Thai 2011; 94: 427-436 [PMID: 21591527]

3 Poungvarin N. Burden of stroke in Thailand. Int J Stroke 2007; 2: 
127-128 [PMID: 18705969 DOI: 10.1111/j.1747-4949.2007.00104.x]

4 Adams HP, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Fur-
lan A, Grubb RL, Higashida RT, Jauch EC, Kidwell C, Lyden 
PD, Morgenstern LB, Qureshi AI, Rosenwasser RH, Scott PA, 
Wijdicks EF. Guidelines for the early management of adults 
with ischemic stroke: a guideline from the American Heart 
Association/American Stroke Association Stroke Council, 
Clinical Cardiology Council, Cardiovascular Radiology and 
Intervention Council, and the Atherosclerotic Peripheral 
Vascular Disease and Quality of Care Outcomes in Research 
Interdisciplinary Working Groups: the American Academy 
of Neurology affirms the value of this guideline as an educa-
tional tool for neurologists. Stroke 2007; 38: 1655-1711 [PMID: 
17431204]

5 Tissue plasminogen activator for acute ischemic stroke. 
The National Institute of Neurological Disorders and Stroke 

PENUMBRA pivotal trial and 17% and 2%, respectively 
in the SWIFT trial[16,17]. In our case series, younger (less 
than 80 years old) patients and good collateral supply 
were good prognostic indicators. We observed that in pa-
tients under 80 years old, all patients had good outcome 
(4 of  4) and in the presence of  collateral supply (case 3 
and case 5) a good outcome may be achieved even if  the 
direct flow cannot be restored.

Multimodal MRI is the most reliable study to select 
the patients[20,21]. Patients with a small infarct core but 
large diffusion-perfusion mismatch are more likely to 
have better outcomes[21-23]. There is evidence that mul-
timodal CT is also able to identify the infarct core and 
penumbra area[21,24]. However, high dose of  iodinated 
contrast usage during CT may be contra-indicated in 
some patients[25]. Application of  the ASPECT score with 
multimodal CT may be helpful for patient selection and 
outcome prediction[26,27].

Intra-arterial thrombolysis is one of  preferred treat-
ments in some centers[13,28]. Based on the PROACT trial, 
patency rate (TICI 2, 3) was 66% and mRS less than 2 at 
the 90th day was 40%, but in our case series, no clot lysis 
was found in any case[14]. It might be due to the limited 
dose of  rtPA we used (less than 5 mg) and that the wait-
ing time was too short (average 10-20 min). Anyway, we 
believed that ia rtPA still had a role in some patients, such 
as patients with small thrombus burden and patients with 
very tortuous neck arteries. However, it is likely that the 
role of  ia rtPA will be surpassed by high efficacy me-
chanical devices in the near future[29]. 

Recently, mechanical thrombectomy devices in acute 
stroke have received intense interest[29,30]. High patency 
rate (61%-86%) and improved clinical outcome were 
reported in the SWIFT, PENUMBRA and TREVO tri-
als[16,17,31]. However, individual devices may have their 
own technical issues. A stent based device, using a drag-
ging method, may cause thrombus embolization into 
new territory. The possible solutions for this problem 
are to allow the device to “ingest” the thrombus for few 
minutes, to slowly pull back (1 cm/min) and to add as-
piration force through the sheath or guide catheter. The 
advantage points of  stent based devices are small delivery 
profile and speed of  recanalization[32].

Continuous thrombus aspiration using a Penumbra 
device has one inherited problem, that is “profile”[33]. 
Because of  a larger profile, it may require delivery in 
triaxial fashion over the guidewire and microcatheter. 
The strong advantage of  a Penumbra device is more 
complete clot removal and less embolization into new 
territory[33]. This could benefit the patients with large 
thrombus burden and in the situation with residual 
thrombus after the dragging method. The aspiration 
method, compared to the dragging method, is perceived 
to result in less vessel trauma. Clinical trials reported no 
difference in intracranial hemorrhage, compared to the 
Solitaire device[29,30,33]. 

We plan to reduce time to recanalization in our cen-
ter. Focused stroke MRI protocol may shorten it by a 

 COMMENTS

Jongsathapongpan A et al . Recanalization with endovascular therapy in AIS



84 March 16, 2014|Volume 2|Issue 3|WJCC|www.wjgnet.com

18 Ciccone A, Valvassori L, Nichelatti M, Sgoifo A, Ponzio M, 
Sterzi R, Boccardi E. Endovascular treatment for acute isch-
emic stroke. N Engl J Med 2013; 368: 904-913 [PMID: 23387822 
DOI: 10.1056/NEJMoa1213701]

19 Broderick JP, Palesch YY, Demchuk AM, Yeatts SD, Khatri 
P, Hill MD, Jauch EC, Jovin TG, Yan B, Silver FL, von Kum-
mer R, Molina CA, Demaerschalk BM, Budzik R, Clark WM, 
Zaidat OO, Malisch TW, Goyal M, Schonewille WJ, Mazighi 
M, Engelter ST, Anderson C, Spilker J, Carrozzella J, Ryck-
borst KJ, Janis LS, Martin RH, Foster LD, Tomsick TA. En-
dovascular therapy after intravenous t-PA versus t-PA alone 
for stroke. N Engl J Med 2013; 368: 893-903 [PMID: 23390923 
DOI: 10.1056/NEJMoa1214300]

20 Chaturvedi S, Selim M. Multimodal imaging for acute 
stroke: when is it worth it? Neurology 2013; 81: 608-609 [PMID: 
23851961 DOI: 10.1212/WNL.0b013e3182a08f98]

21 Fisher M, Albers GW. Advanced imaging to extend the ther-
apeutic time window of acute ischemic stroke. Ann Neurol 
2013; 73: 4-9 [PMID: 23378323 DOI: 10.1002/ana.23744]

22 Lansberg MG, Straka M, Kemp S, Mlynash M, Wechsler 
LR, Jovin TG, Wilder MJ, Lutsep HL, Czartoski TJ, Bernstein 
RA, Chang CW, Warach S, Fazekas F, Inoue M, Tipirneni A, 
Hamilton SA, Zaharchuk G, Marks MP, Bammer R, Albers 
GW. MRI profile and response to endovascular reperfusion 
after stroke (DEFUSE 2): a prospective cohort study. Lancet 
Neurol 2012; 11: 860-867 [PMID: 22954705 DOI: 10.1016/
S1474-4422(12)70203-X]

23 Lemmens R, Mlynash M, Straka M, Kemp S, Bammer R, 
Marks MP, Albers GW, Lansberg MG. Comparison of the 
response to endovascular reperfusion in relation to site of ar-
terial occlusion. Neurology 2013; 81: 614-618 [PMID: 23851962 
DOI: 10.1212/WNL.0b013e3182a08f07]

24 Campbell BC, Christensen S, Levi CR, Desmond PM, 
Donnan GA, Davis SM, Parsons MW. Comparison of 
computed tomography perfusion and magnetic resonance 
imaging perfusion-diffusion mismatch in ischemic stroke. 
Stroke 2012; 43: 2648-2653 [PMID: 22858726 DOI: 10.1161/
STROKEAHA.112.660548]

25 Tarlov N, Nien YL, Zaidat OO, Nguyen TN. Periprocedural 
management of acute ischemic stroke intervention. Neurol-
ogy 2012; 79: S182-S191 [PMID: 23008396 DOI: 10.1212/
WNL.0b013e31826958d3]

26 Kent DM, Hill MD, Ruthazer R, Coutts SB, Demchuk AM, 
Dzialowski I, Wunderlich O, von Kummer R. “Clinical-CT 
mismatch” and the response to systemic thrombolytic thera-
py in acute ischemic stroke. Stroke 2005; 36: 1695-1699 [PMID: 
16002756]

27 Yaghi S, Bianchi N, Amole A, Hinduja A. ASPECTS is a pre-
dictor of favorable CT perfusion in acute ischemic stroke. J 
Neuroradiol 2013; Epub ahead of print [PMID: 24156874]

28 Kirmani JF, Alkawi A, Panezai S, Gizzi M. Advances in 
thrombolytics for treatment of acute ischemic stroke. Neu-
rology 2012; 79: S119-S125 [PMID: 23008386 DOI: 10.1212/
WNL.0b013e3182695882]

29 Taqi MA, Vora N, Callison RC, Lin R, Wolfe TJ. Past, pres-
ent, and future of endovascular stroke therapies. Neurol-
ogy 2012; 79: S213-S220 [PMID: 23008401 DOI: 10.1212/
WNL.0b013e31826959e5]

30 Hennerici MG, Kern R, Szabo K. Non-pharmacological 
strategies for the treatment of acute ischaemic stroke. Lancet 
Neurol 2013; 12: 572-584 [PMID: 23684083]

31 Nogueira RG, Lutsep HL, Gupta R, Jovin TG, Albers GW, 
Walker GA, Liebeskind DS, Smith WS. Trevo versus Merci 
retrievers for thrombectomy revascularisation of large ves-
sel occlusions in acute ischaemic stroke (TREVO 2): a ran-
domised trial. Lancet 2012; 380: 1231-1240 [PMID: 22932714 
DOI: 10.1016/S0140-6736(12)61299-9]

32 Novakovic RL, Toth G, Narayanan S, Zaidat OO. Retrievable 
stents, “stentrievers,” for endovascular acute ischemic stroke 

rt-PA Stroke Study Group. N Engl J Med 1995; 333: 1581-1587 
[PMID: 7477192]

6 Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, 
Guidetti D, Larrue V, Lees KR, Medeghri Z, Machnig T, Sch-
neider D, von Kummer R, Wahlgren N, Toni D. Thromboly-
sis with alteplase 3 to 4.5 hours after acute ischemic stroke. N 
Engl J Med 2008; 359: 1317-1329 [PMID: 18815396]

7 Muengtaweepongsa S, Dharmasaroja P, Kummark U. Out-
comes of intravenous thrombolytic therapy for acute isch-
emic stroke with an integrated acute stroke referral network: 
initial experience of a community-based hospital in a devel-
oping country. J Stroke Cerebrovasc Dis 2012; 21: 42-46 [PMID: 
22225863 DOI: 10.1016/j.jstrokecerebrovasdis.2010.03.017]

8 Suwanwela NC, Phanthumchinda K, Likitjaroen Y. Throm-
bolytic therapy in acute ischemic stroke in Asia: The first 
prospective evaluation. Clin Neurol Neurosurg 2006; 108: 
549-552 [PMID: 16289309]

9 Kasner SE, Gorelick PB.Prevention and Treatment of Isch-
emic Stroke: Blue Books of Practical Neurology Series. Ox-
ford: Butterworth-Heinemann, 2004: 267-281

10 Davis SM, Donnan GA, Parsons MW, Levi C, Butcher 
KS, Peeters A, Barber PA, Bladin C, De Silva DA, Byrnes 
G, Chalk JB, Fink JN, Kimber TE, Schultz D, Hand PJ, 
Frayne J, Hankey G, Muir K, Gerraty R, Tress BM, Des-
mond PM. Effects of alteplase beyond 3 h after stroke in 
the Echoplanar Imaging Thrombolytic Evaluation Trial 
(EPITHET): a placebo-controlled randomised trial. Lancet 
Neurol 2008; 7: 299-309 [PMID: 18296121 DOI: 10.1016/
S1474-4422(08)70044-9]

11 Albers GW, Thijs VN, Wechsler L, Kemp S, Schlaug G, Skal-
abrin E, Bammer R, Kakuda W, Lansberg MG, Shuaib A, Cop-
lin W, Hamilton S, Moseley M, Marks MP. Magnetic resonance 
imaging profiles predict clinical response to early reperfusion: 
the diffusion and perfusion imaging evaluation for understand-
ing stroke evolution (DEFUSE) study. Ann Neurol 2006; 60: 
508-517 [PMID: 17066483 DOI: 10.1002/ana.20976]

12 Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z, 
Feng L, Meyer BC, Olson S, Schwamm LH, Yoo AJ, Marshall 
RS, Meyers PM, Yavagal DR, Wintermark M, Guzy J, Stark-
man S, Saver JL. A trial of imaging selection and endovas-
cular treatment for ischemic stroke. N Engl J Med 2013; 368: 
914-923 [PMID: 23394476 DOI: 10.1056/NEJMoa1212793]

13 Nguyen TN, Babikian VL, Romero R, Pikula A, Kase CS, Jovin 
TG, Norbash AM. Intra-arterial treatment methods in acute 
stroke therapy. Front Neurol 2011; 2: 9 [PMID: 21516256]

14 Furlan A, Higashida R, Wechsler L, Gent M, Rowley H, Kase 
C, Pessin M, Ahuja A, Callahan F, Clark WM, Silver F, Ri-
vera F. Intra-arterial prourokinase for acute ischemic stroke. 
The PROACT II study: a randomized controlled trial. Pro-
lyse in Acute Cerebral Thromboembolism. JAMA 1999; 282: 
2003-2011 [PMID: 10591382 DOI: 10.1001/jama.282.21.2003]

15 Smith WS, Sung G, Saver J, Budzik R, Duckwiler G, Liebe-
skind DS, Lutsep HL, Rymer MM, Higashida RT, Starkman 
S, Gobin YP, Frei D, Grobelny T, Hellinger F, Huddle D, 
Kidwell C, Koroshetz W, Marks M, Nesbit G, Silverman IE. 
Mechanical thrombectomy for acute ischemic stroke: final 
results of the Multi MERCI trial. Stroke 2008; 39: 1205-1212 
[PMID: 18309168 DOI: 10.1161/STROKEAHA.107.497115]

16 Penumbra Pivotal Stroke Trial I. The penumbra pivotal 
stroke trial: safety and effectiveness of a new generation of 
mechanical devices for clot removal in intracranial large 
vessel occlusive disease. Stroke 2009; 40: 2761-2768 [PMID: 
19590057 DOI: 10.1161/STROKEAHA.108.544957]

17 Saver JL, Jahan R, Levy EI, Jovin TG, Baxter B, Nogueira 
RG, Clark W, Budzik R, Zaidat OO. Solitaire flow restoration 
device versus the Merci Retriever in patients with acute isch-
aemic stroke (SWIFT): a randomised, parallel-group, non-
inferiority trial. Lancet 2012; 380: 1241-1249 [PMID: 22932715 
DOI: 10.1016/S0140-6736(12)61384-1]

Jongsathapongpan A et al . Recanalization with endovascular therapy in AIS



85 March 16, 2014|Volume 2|Issue 3|WJCC|www.wjgnet.com

system for mechanical thrombectomy in endovascular 
acute ischemic stroke therapy. Neurology 2012; 79: S135-S141 
[PMID: 23008388 DOI: 10.1212/WNL.0b013e31826958a8]

P- Reviewers: Rafay M, Sharma V, Zhang M    
S- Editor: Zhai HH    L- Editor: Roemmele A    E- Editor: Wu HL

therapy. Neurology 2012; 79: S148-S157 [PMID: 23008390 DOI: 
10.1212/WNL.0b013e3182697e9e]

33 Hussain SI, Zaidat OO, Fitzsimmons BF. The Penumbra 

Jongsathapongpan A et al . Recanalization with endovascular therapy in AIS



World Journal of 
Clinical Cases
World J Clin Cases  2014 April 16; 2(4): 86-119

ISSN 2307-8960 (online)

www.wjgnet.comwww.wjgnet.com



World Journal of
Clinical CasesW J C C

86	 Rectal	ulcers	and	massive	bleeding	after	hemorrhoidal	band	ligation	while	on	

aspirin

Patel S, Shahzad G, Rizvon K, Subramani K, Viswanathan P, Mustacchia P

90	 Left	ventricular	pseudoaneurysm:	A	case	report	and	review	of	the	literature

Alapati L, Chitwood WR, Cahill J, Mehra S, Movahed A

94	 Varicocele	repair	in	severe	oligozoospermia:	A	case	report	of	post-operative	

azoospermia

Milone M, Musella M, Sosa Fernandez ME, Maietta P, Sasso A, Sosa Fernandez LM, Sosa 

Fernandez LV, Milone F

97	 Transcatheter	aortic	valve	implantation	in	a	54-year-old	patient	with	

aggressive	HIV

Salizzoni S, D’Ascenzo F, Moretti C, Bonora S, Calcagno A, Omedè P, Montrucchio C, 

Cerrato E, Colaci C, Sheiban I, Marra S, Rinaldi M, Gaita F

100	 Elective	thoracotomy	for	pedicle	screw	removal	to	prevent	severe	aortic	

bleeding

Decker S, Omar M, Krettek C, Müller CW

104	 Osteoid	osteoma	of	the	elbow	mimicking	hemophilic	arthropathy

van den Bekerom MPJ, van Hooft MAA, Eygendaal D

108	 Spontaneous	rupture	of	the	renal	pelvis	presenting	as	an	urinoma	in	locally	

advanced	rectal	cancer

Garg PK, Mohanty D, Rathi V, Jain BK

111	 Rare	case	of	an	abdominal	mass:	Reactive	nodular	fibrous	pseudotumor	of	

the	stomach	encroaching	on	multiple	abdominal	organs

Yi XJ, Chen CQ, Li Y, Ma JP, Li ZX, Cai SR, He YL

Contents Monthly  Volume 2  Number 4  April 16, 2014

IWJCC|www.wjgnet.com April 16, 2014|Volume 2|Issue 4|

CASE REPORT



Contents
World Journal of Clinical Cases

Volume 2  Number 4  April 16, 2014

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                     Responsible Science Editor: Xiu-Xia Song
Responsible Electronic Editor: Su-Qing Liu                
Proofing Editor-in-Chief: Lian-Sheng Ma

University of  Botswana, Private Bag 00713, Gaborone, 
Botswana

Shuhei Yoshida, MD, PhD, Division of  Gastroenter-
ology, Beth Israel Deaconess Medical Center, Dana 509, 
Harvard Medical School, 330 Brookline Ave, Boston, 
MA 02215, United States

EDITORIAL	OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Clinical Cases
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 
315-321 Lockhart Road, Wan Chai, 
Hong Kong, China
Fax: +852-6555-7188
Telephone: +852-3177-9906

E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLICATION	DATE
April 16, 2014

COPYRIGHT
© 2014 Baishideng Publishing Group Co., Limited. 
Articles published by this Open Access journal are 
distributed under the terms of  the Creative Commons 
Attribution Non-commercial License, which permits 
use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use is 
non commercial and is otherwise in compliance with 
the license.

SPECIAL	STATEMENT
All articles published in this journal represent the 
viewpoints of  the authors except where indicated oth-
erwise.

INSTRUCTIONS	TO	AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2307-8960/g_info_20100722180909.htm

ONLINE	SUBMISSION
http://www.wjgnet.com/esps/

IIWJCC|www.wjgnet.com

APPENDIX

ABOUT COVER

AIM AND SCOPE

INDEXINg/ABSTRACTINg

April 16, 2014|Volume 2|Issue 4|

NAME	OF	JOURNAL	
World Journal of  Clinical Cases 

ISSN
ISSN 2307-8960 (online)

LAUNCH	DATE
April 16, 2013

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Giuseppe Di Lorenzo, MD, PhD, Professor, Geni-
tourinary Cancer Section and Rare-Cancer Center, Uni-
versity Federico II of  Napoli, Via Sergio Pansini, 5 Ed. 1, 
80131, Naples, Italy

Jan Jacques Michiels, MD, PhD, Professor, Primary 
Care, Medical Diagnostic Center Rijnmond Rotterdam, 
Bloodcoagulation, Internal and Vascular Medicine, Eras-
mus University Medical Center, Rotterdam, Goodheart 
Institute and Foundation, Erasmus Tower, Veenmos 13, 
3069 AT, Erasmus City, Rotterdam, The Netherlands

Sandro Vento, MD, Department of  Internal Medicine, 

I-V Instructions	to	authors

Editorial	Board	Member	of	World	Journal	of	Clinical	Cases ,	Sebastian	Decker,	
MD,	Department	of	Trauma,	Hannover	Medical	School,	Carl-Neuberg-Straße	1,	
30625	Hannover,	Germany

World Journal of  Clinical Cases (World J Clin Cases, WJCC, online ISSN 2307-8960, DOI: 
10.12998) is a peer-reviewed open access academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

The primary task of  WJCC is to rapidly publish high-quality Autobiography, Case Re-
port, Clinical Case Conference (Clinicopathological Conference), Clinical Management, 
Diagnostic Advances, Editorial, Field of  Vision, Frontier, Medical Ethics, Original Ar-
ticles, Clinical Practice, Meta-Analysis, Minireviews, Review, Therapeutics Advances, and 
Topic Highlight, in the fields of  allergy, anesthesiology, cardiac medicine, clinical genetics, 
clinical neurology, critical care, dentistry, dermatology, emergency medicine, endocrinol-
ogy, family medicine, gastroenterology and hepatology, geriatrics and gerontology, he-
matology, immunology, infectious diseases, internal medicine, obstetrics and gynecology, 
oncology, ophthalmology, orthopedics, otolaryngology, pathology, pediatrics, peripheral 
vascular disease, psychiatry, radiology, rehabilitation, respiratory medicine, rheumatology, 
surgery, toxicology, transplantation, and urology and nephrology. 

	 World Journal of  Clinical Cases is now indexed in PubMed Central, PubMed, Digital Object 

Identifier.

I-V	 Editorial	BoardFLYLEAF



Rectal ulcers and massive bleeding after hemorrhoidal band 
ligation while on aspirin

Shruti Patel, Ghulamullah Shahzad, Kaleem Rizvon, Krishnaiyer Subramani, Prakash Viswanathan, 
Paul Mustacchia

Shruti Patel, Department of Internal Medicine, Nassau Univer-
sity Medical Center, New York, NY 11554, United States
Ghulamullah Shahzad, Kaleem Rizvon, Krishnaiyer Subra-
mani, Prakash Viswanathan, Paul Mustacchia, Department of 
Gastroenterology, Nassau University Medical Center, New York, 
NY 11554, United States
Author contributions: Patel S performed an extensive literature 
review and drafted the case report; Shahzad G had substantial 
contributions in literature review and primary revision; Rizvon 
K, Subramani K and Viswanathan P revised it critically for im-
portant intellectual content; Mustacchia P provided the final revi-
sions, supervised the process and gave the final approval of the 
version to be published.
Correspondence to: Shruti Patel, MD, Department of Internal 
Medicine, Nassau University Medical Center, East Meadow, New 
York, NY 11554, United States. drshrutipatel88@yahoo.com
Telephone: +1-516-5726501  Fax: +1-516-5725609
Received: January 18, 2013    Revised: March 8, 2014
Accepted: March 17, 2014
Published online: April 16, 2014

Abstract
Endoscopic hemorrhoidal band ligation is a well-estab-
lished nonoperative method for treatment of bleeding 
internal hemorrhoids (grade 1 to 3). It is a safe and 
effective technique with a high success rate. Compli-
cations with this procedure are uncommon. Although 
rectal ulceration due to band ligation is a rare com-
plication, it can cause life-threatening hemorrhage 
especially when patients are on medications which 
impair hemostasis like aspirin or non steroidal anti-
inflammatory drugs. We present 2 cases of massive 
lower gastro-intestinal bleeding in patients who had a 
band ligation procedure performed 2 wk prior to the 
presentation and were on aspirin at home. Both the pa-
tients were hemodynamically unstable requiring resus-
citation. They required platelet and blood transfusions 
and were found to have rectal ulcers on colonoscopy 
done subsequently. The rectal ulcers corresponded to 
the site of band ligation. The use of aspirin by these 

patients would have caused defects in the hemostasis 
and may have predisposed them to massive bleeding in 
the presence of rectal ulcers occurring after the band 
ligation procedure. Managing aspirin before and after 
the ligation may be difficult especially since adequate 
guidelines are unavailable. Stopping aspirin in all the 
cases might not be safe and the decision should be in-
dividualized.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Rubber band ligation is known to be a rela-
tively safe procedure. Massive bleeding and rectal ul-
ceration is a very rare complication of this procedure. 
We came across two cases of severe, life-threatening 
lower gastrointestinal hemorrhage following endoscopic 
hemorrhoidal band ligation in patients on aspirin. The 
use of aspirin and other non-steroidal anti-inflammatory 
drugs can predispose to massive hemorrhage. The case 
report aims at creating awareness about these com-
plications and that it may be advisable to avoid aspirin 
and non steroidal anti-inflammatory drugs immediately 
after band ligation.

Patel S, Shahzad G, Rizvon K, Subramani K, Viswanathan 
P, Mustacchia P. Rectal ulcers and massive bleeding after 
hemorrhoidal band ligation while on aspirin. World J Clin 
Cases 2014; 2(4): 86-89  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i4/86.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i4.86

INTRODUCTION
Hemorrhoids are dilated or bulging veins in the rectum 
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and/or anus caused by increased pressure in the rectal 
veins. They are believed to be normal anatomic struc-
tures, as demonstrated by their presence in babies[1]. 
Frequently, they can become a source of  significant 
morbidity if  they get inflamed or swollen. The estimated 
prevalence rate of  symptomatic hemorrhoids in the Unit-
ed States is 4.4% of  the adult population. More than one 
million individuals are affected annually by hemorrhoidal 
conditions[2,3]. The prevalence peaks between the ages 
of  45-65 and declines thereafter. It is more commonly 
found in whites more than blacks and the rates are higher 
in people from higher socioeconomic background[2].

Elastic band ligation is a well-established nonoperative 
method for treatment of  bleeding internal hemorrhoids 
(stages Ⅱ-Ⅲ). Usually, one or two bands are placed at 
a single session by using rigid instruments. Endoscopic 
hemorrhoidal band ligation is a safe and effective tech-
nique used in the management of  hemorrhoids, with a 
high success rate[4]. Blaisdell[5] and Barron[6] described and 

refined the band ligation therapy. Complications with this 
procedure are uncommon.

Massive bleeding and rectal ulceration due to band 
ligation is a very rare complication. The use of  aspirin 
(acetylsalicylic acid, ASA) and other non-steroidal anti-
inflammatory drugs (NSAID) can predispose to massive 
hemorrhage. We came across two cases of  severe, life-
threatening lower gastrointestinal hemorrhage following 
endoscopic hemorrhoidal band ligation in patients on 
aspirin.

CASE REPORT
Patient 1
A 52-year-old white man with a past medical history of  
anxiety and a recent band ligation for hemorrhoids 15 d 
prior to presentation came to the emergency room (ER) 
complaining of  bleeding from his rectum for 2 h. He 
was in his usual state of  health when he suddenly had a 
large bowel movement with bright red blood and clots. 
He had no other complaints such as abdominal pain, 
coffee ground vomiting or black stools. His medications 
included aspirin (81 mg/d) for preventing cardiovascular 
disease and Sertraline for his anxiety. His blood pressure 
(BP) was 130/76 mmHg, temperature was 98.3 F, respi-
ratory rate was 16/min and the heart rate (HR) was 96/
min. His abdomen was soft, with normal bowel sounds 
and no tenderness or guarding. His rectal exam revealed 
reduced sphincter tone and bright red blood. His BP sub-
sequently dropped to 80/40 mmHg with a HR of  140/
min within an hour. He became unresponsive and was 
subsequently intubated for airway protection in the ER. 
His initial blood work revealed a hemoglobin of  12 g/dL 
and platelets of  199000. Due to hemodynamic collapse 
and the large volume of  blood seen in the stool, he re-
ceived fluids, 2 units of  packed red blood cells and 1 unit 
of  platelets after which his vital signs stabilized. ASA was 
discontinued. He underwent a colonoscopy (Figure 1A) 
which showed two clean based rectal ulcers measuring 3 
cm and 1cm with overlying exudates 7 cm from the anal 
verge. The location of  the rectal ulcers corresponded to 
the site of  band ligation. The rectal ulcer biopsy revealed 
active chronic inflammation with surface exudates and 
attached fragment of  granulation tissue. Bleeding subse-
quently stopped and the patient was extubated on day 2 
of  admission and later discharged after an otherwise un-
complicated hospital course.

Patient 2
A 67-year-old white man presented to the ER with 
complaints of  bleeding from his rectum for 4 h. He was 
known to have symptomatic hemorrhoids for which he 
underwent band ligation 2 wk prior to the presentation. 
He denied abdominal pain, nausea, vomiting, black stools 
or any other complaints. His past medical history was 
significant for hypertension, hyperlipidemia, coronary 
artery disease for which he underwent Coronary Artery 
Bypass Graft surgery in 2004 and stroke with no residual 
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Figure 1  Endoscopic pictures of the rectal ulcers.
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neurological deficits in 2005. His medications included 
Aggrenox (aspirin/Dipyridamole -25/200 mg twice a day 
for stroke prevention), Amlodipine, Metoprolol, Atorvas-
tatin and Ezetimibe. On arrival, he was afebrile with a BP 
of  80/50 mmHg and a HR of  62 beats per minute. The 
absence of  tachycardia was presumed to be due to the 
beta blockade. His abdomen was soft, with normal bowel 
sounds and no tenderness or guarding. The rectal exam 
revealed bright red blood with clots, normal sphincter 
tone and no palpable masses. His initial hemoglobin was 
14 g/dL and platelet count was 187000. His hemoglobin 
decreased to 10 g/dL over 10 h and he continued to have 
rectal bleeding. Due to ongoing bleeding and hemody-
namic instability he received fluids, 2 units of  packed red 
blood cells and 1 unit of  platelets. An emergent colonos-
copy was then performed which showed a solitary rectal 
ulcer (Figure 1B and C) of  1 cm size with a visible vessel 
proximal to the dentate line. The visible vessel was suc-
cessfully clipped endoscopically (Figure 2). The location 
of  the rectal ulcer corresponded to the site of  band liga-
tion. No further bleeding was noted and the patient was 
subsequently discharged home.

DISCUSSION
Initial treatment for mild to moderate hemorrhoidal dis-
ease consists of  increased fiber intake[7], oral hydration, 
use of  NSAIDs for pain, avoidance of  straining during 
defecation, and sitz baths[8]. Hemorrhoids that fail to re-
spond to medical management may be treated with rub-
ber band ligation, sclerosis, and thermotherapy by using 
infrared beam, electric current, CO2 laser, or ultrasonic 
energy. Surgery is reserved for those who fail to improve 
with conservative measures.

Rubber band ligation is found to be the most effec-
tive method to treat symptomatic internal hemorrhoids 
(grade 1 to 3) that have failed to respond to conservative 
management[4,9-11]. Complications associated with liga-
tion are uncommon (< 2%) and usually benign which 
may include pain, rectal bleeding from early dislodgment, 
vasovagal response or infection[12,13]. Bleeding after liga-
tion may occur immediately after the procedure or 3-10 d 
after the rubber band and the ligated tissue fall off. Rectal 

ulcers after the band ligation are extremely rare complica-
tion. The exact incidence is unknown. These ulcers can 
lead to massive life threatening bleeding especially in the 
patients taking antiplatelet agents like aspirin. ASA and 
other NSAIDs inhibit platelet production of  thrombox-
ane A2. ASA irreversibly acetylates the platelet enzyme 
so that a single dose impairs hemostasis for five to seven 
days hence causing hemostasis defects[14]. Recovery of  
the platelets after discontinuing these drugs is slow and 
is equivalent to the lifespan of  the platelets. The other 
NSAIDs are competitive and reversible inhibitors with 
more transient effects.

A prospective study of  512 patients by Bat et al[15] 
who underwent hemorrhoidal rubber band ligation over 
a seven-year period were followed up for any complica-
tions. Most of  the patients, who had hemorrhoidal band 
ligation, had a successful event free outcome (82%). 
Minor complications were found in 24 patients (4.7%) 
including painful, thrombosed hemorrhoids, slippage of  
bands, minor rectal bleeding, chronic longitudinal ulcers 
and priapism. Major complications were noted in 13 pa-
tients (2.5%) who had either delayed massive bleeding or 
severe complicated thrombosis of  the hemorrhoids. Five 
of  the six patients who had massive bleeding, had the on-
set of  symptoms 10 d or more after the procedure similar 
to our 2 patients. Three of  the six patients with massive 
bleeding required transfusions. Two of  the three patients 
who were transfused were taking aspirin regularly.

Both our cases developed massive bleeding 2 wk 
following the banding procedure requiring platelet and 
blood transfusions. The use of  aspirin by these patients 
would have caused defects in the hemostasis and may 
have predisposed them to massive life-threatening hem-
orrhage in the presence of  rectal ulcers occurring after 
the band ligation procedure. The first patient was taking 
ASA for preventing cardiovascular diseases and aspirin 
could have been safely stopped atleast 1 wk prior to the 
procedure. On the contrary, the second patient had a his-
tory of  coronary artery bypass graft and a stroke, stop-
ping ASA in him abruptly might have caused more harm. 
Managing ASA before and after the ligation may be dif-
ficult especially since adequate guidelines are unavailable. 
Stopping ASA in all the cases might not be safe and the 
decision should be individualized.

The cases we report are an example of  a rare and 
life threatening complication of  a procedure known to 
be relatively safe. Use of  aspirin may have been a coinci-
dence or would have predisposed the patient to a massive 
bleeding. It may be advisable to avoid ASA and NSAIDs 
immediately after band ligation.

COMMENTS
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Two men, age 52 and 67, on aspirin at home came to the emergency room with 
bright red blood per rectum 2 wk after a hemorrhoidal band ligation.
Clinical diagnosis
The authors came across two cases of severe, life-threatening lower gastroin-
testinal hemorrhage following endoscopic hemorrhoidal band ligation in patients 
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Figure 2  Status post Endoscopic clip placement of the hemorrhoidal ulcer.
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on aspirin.
Differential diagnosis
Diverticular disease, hemorrhoids, colitis, bleeding ulcers.
Laboratory diagnosis
Patient one had a hemoglobin of 12 g/dL and platelets of 199000 on admis-
sion. Patient 2 had a hemoglobin of 14 g/dL and a platelet count of 187000 ini-
tially. Both patients were losing blood rapidly leading to drop in the hemoglobin 
subsequently.
Imaging diagnosis
Colonoscopy was performed in both the cases which showed two clean based 
rectal ulcers measuring 3 cm and 1 cm with overlying exudates 7 cm from the 
anal verge in the first case and a solitary rectal ulcer of 1 cm size with a visible 
vessel proximal to the dentate line in the second case.
Pathological diagnosis
In the first case, rectal ulcer biopsy revealed active chronic inflammation with 
surface exudates and attached fragment of granulation tissue. No biopsy was 
performed in the second patient.
Treatment
Treatment mainly included platelet and blood transfusions. The second patient 
had a rectal ulcer with a visible vessel which was endoscopically clipped.
Related reports
There are a very few case reports which have described massive bleeding after 
hemorrhoidal band ligation in patients on aspirin.
Term explanation
Rubber band ligation is a procedure performed endoscopically in which rubber 
bands are tied off at the base of the hemorrhoids hence, cutting off the blood 
flow to the hemorrhoids.
Experiences and lessons
Massive bleeding is a rare but life threatening complication of a fairly safe pro-
cedure which may be avoided if we attempt to tailor the use of aspirin pre and 
post band ligation according to individual patient conditions.
Peer review
This is an easy to read, well written and an interesting case report worth high-
lighting in the surgical community since rubber band ligation is a very commonly 
performed procedure.
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Core tip: Left ventricular pseudoaneurysm is a rare and 
lethal condition. It can be challenging to diagnose as it 
has an ambiguous clinical presentation. Timely recogni-
tion and management is critical and can be lifesaving.

Alapati L, Chitwood WR, Cahill J, Mehra S, Movahed A. Left 
ventricular pseudoaneurysm: A case report and review of the 
literature. World J Clin Cases 2014; 2(4): 90-93  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i4/90.htm  DOI: 
http://dx.doi.org/10.12998/wjcc.v2.i4.90

INTRODUCTION
Left ventricular (LV) pseudoaneurysm is a lethal condi-
tion, but the diagnosis and differentiation from LV true 
aneurysm is challenging as the clinical presentation of  LV 
pseudoaneurysm is non-specific. We describe a 75-year-
old patient who presented with symptoms and signs of  
myocardial infarction and was diagnosed to have LV 
pseudoaneurysm.

CASE REPORT
A 75-year-old african american female with hypertension, 
diabetes, hyperlipidemia, peripheral vascular disease, gout, 
status post coronary artery bypass graft and aortic valve 
replacement with bio-prosthetic valve performed a year 
ago, presented to the emergency department two weeks 
after mitral and tricuspid valve repair surgery, with short-
ness of  breath, cough and chest pain for 2-3 d.

Her medications included aspirin, hydrochlorthiazide, 
irbesartan, simvastatin, verapamil and metformin. Vital 
signs on presentation were heart rate 74/min, blood pres-
sure 127/56 mmHg, respiratory rate 16/min, temperature 
of  97.4 F and oxygen saturation of  98% on room air. 
On physical examination, patient had normal S1 and S2, 
grade 2/6 systolic murmur heard over the aortic area, no 
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Abstract
Left ventricular (LV) pseudoaneurysm is a rare compli-
cation that is reported in less than 0.1% of all patients 
with myocardial infarction. It is the result of cardiac 
rupture contained by the pericardium and is character-
ized by the absence of myocardial tissue in its wall un-
like true aneurysm which involves full thickness of the 
cardiac wall. The clinical presentation of these patients 
is nonspecific, making the diagnosis challenging. Trans-
thoracic echocardiogram and cardiac magnetic reso-
nance imaging are the noninvasive modalities whereas 
coronary arteriography and left ventriculography are in-
vasive modalities used for the diagnosis. As this condi-
tion is lethal, prompt diagnosis and timely management 
is vital.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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gallops, no rub, and no jugular venous distension. There 
were diminished breath sounds in the mid and lower 
right lung fields and crackles over the left lower lung 
field. Trace bilateral lower extremity edema was present. 
Her white blood cell count: 13.50 k/μL, hemoglobin: 
10.2 g/dL, hematocrit: 31.2%, platelets: 334 k/μL, creati-
nine: 0.74 mg/dL, troponin: 4.00 ng/mL, total creatinine 
phosphokinase: 75 U/L, creatinine kinase myocardial 
band: 10.4 ng/dU. An electrocardiogram showed 1.5 to 2 
mm ST elevation in Ⅰ, aVL, 1 to 2 mm ST depression in 
Ⅱ, aVF, V1 to V4, and R/S ratio > 1 in V1 and V2 (Figure 
1). A chest radiograph showed right sided consolidation 

and pleural effusion and a convex out pouching along the 
left heart border (Figure 2).

The patient was started on nitroglycerin drip but 
continued to have chest pain. Transthoracic echocar-
diogram (TTE) showed dyskinesis and marked thinning 
of  mid and basal anterior-lateral segments consistent 
with infarction in the distribution of  the left circumflex 
artery. It also showed a ruptured ventricular wall with a 
large pericardial effusion adjacent to the dyskinetic seg-
ment. On doppler, a bidirectional shunt across the lateral 
left ventricle is seen, indicative of  LV aneurysm (Figure 
3). The width of  the neck is 5.8 mm and the maximal 
internal diameter of  the aneurysmal sac is 48 mm with 
the neck to sac ratio of  less than 0.5 (about 0.12) which 
is strongly suggestive of  pseudoaneurysm. Coronary an-
giograpy showed left anterior descending artery free of  
angiographic disease, left circumflex with 90% disease 
ostially and proximally. The right coronary artery (RCA) 
was 100% occluded ostially. Saphenous vein graft to RCA 
was patent with normal flow. Saphenous vein graft to the 
first obtuse marginal (OM1) with a jump graft to second 
obtuse marginal (OM2) were patent but there was distal 
disease in both the OM1 and OM2 up to 80%.

Subsequently, transesophageal echocardiogram (TEE) 
and cardiac magnetic resonance imaging (MRI) were 
done and the diagnosis of  LV pseudoaneurysm was con-
firmed (Figures 4 and 5). Intra-operatively, the patient 
was found to have a LV lateral pseudoaneurysm with ap-
proximately 1.5 cm diameter free wall perforation; the LV 
pseudoaneurysm contained a thrombus and was com-
municating with the LV cavity. The LV pseudoaneurysm 
was repaired with a bovine pericardial patch. She was dis-
charged to a rehabilitation center on post-operative day 7. 
Four weeks post operatively, she was discharged from the 
rehabilitation center and was performing very well.

DISCUSSION
LV pseudoaneurysm also referred to as contained LV 
wall rupture is a rare complication that is reported in 
less than 0.1% of  all myocardial infarction patients. It is 
catastrophic causing death in 48% of  patients without 
surgical intervention[1]. LV pseudoaneurysm is a result of  
cardiac rupture contained by the pericardium and is char-
acterized by the absence of  myocardial tissue in its wall 
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Figure 1  Electrocardiogram shows 1.5 to 2 mm ST 
elevation in Ⅰ, aVL, 1 to 2 mm ST depression in Ⅱ , 
aVF, V1 to V4, and R/S ratio > 1 in V1 and V2.

Figure 3  Transthoracic echocardiogram: Apical modified 4/5 chamber 
view showing bidirectional shunt through the left ventricular wall (white 
arrow).

Figure 2  Chest X-ray: Convexity on the lateral wall of the cardiac silhou-
ette (white arrow).
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unlike true aneurysm which involves the full thickness of  
the cardiac wall.

Frances et al[2] in 1998 reviewed data from 290 patients 
and reported the most common etiology of  LV pseudoa-
neurysm to be myocardial infarction followed by cardiac 
surgery. The risk factors for the LV pseudoaneurysms 
are older age, female sex, hypertension and inferior and 
lateral wall myocardial infarction. The common location 
for LV pseudoaneurysm is postero-inferior followed by 
postero-lateral and anterior, in contrast to true LV an-
eurysm which is more commonly located in the anterior 
and apical walls[2]. The patients with LV pseudoaneurysm 
usually present within 2 mo of  a myocardial infarction[3].

The clinical presentation of  patients with LV pseu-
doaneurysm is not specific and can mimic myocardial 
infarction or heart failure. Patients could be asymptom-
atic (12%) or could have persistent or recurrent chest 
pain (30%), shortness of  breath (25%) or non-specific 
symptoms like dizziness or altered mental status, and 3% 
of  the patients could have sudden death as a presenting 
symptom[4].

The physical examination is nonspecific with soft 
heart sounds, pericardial friction rub and a new systolic 
murmur. Electrocardiogram changes in most cases in-
clude sinus bradycardia, junctional rhythm and changes 

reflecting ischemia or infarction. A convexity or a mass 
adjacent to the cardiac silhouette can be present on the 
chest radiograph in more than half  of  the cases (Figure 
2). None of  these findings are specific for LV pseudoa-
neurysm which brings the focus to the cardiac imaging 
modalities.

It can be challenging to diagnose LV pseudoaneu-
rysm with the ambiguity in its clinical presentation and 
the nonspecific physical findings. However, prompt di-
agnosis is essential as LV pseudoaneurysm is associated 
with a cardiac rupture risk of  30%-45%[4]. Therefore, 
cardiac imaging plays a very significant role in the diag-
nosis of  LV pseudoaneurysm. Currently, various cardiac 
imaging modalities are available for diagnosis of  LV 
pseudoaneurysm.

TTE has increased the number of  diagnosed LV 
pseudoaneurysm cases. Being a noninvasive technique, 
TTE is routinely used for initial assessment in suspected 
patients as it helps in diagnosing LV pseudoaneurysm 
and also in determining the infarction. A ratio of  < 0.5 
between the width of  the neck and the maximal internal 
diameter of  the aneurysmal sac[5] or the presence of  bi-
directional turbulent flow through the neck by color and 
pulsed Doppler study[6], are suggestive of  a LV pseudoa-
neurysm. TEE further assists in improving the accuracy 
of  diagnosing LV pseudoaneurysm because in TTE there 
can be field of  view limitation for visualization of  the LV 
inferior wall.

Cardiac MRI is a non-invasive modality that enables 
the diagnosis of  LV pseudoaneurysm. It is useful in 
identification of  the pericardium, detection of  thrombi, 
and in distinguishing between necrotic and normal myo-
cardium. It provides morphological definition of  a LV 
pseudoaneurysm location, extension and relation to ad-
jacent structures. Delayed enhancement enables accurate 
assessment of  the location and extent of  the infarcted 
area and of  viable myocardium, all of  which are essential 
to determine optimal management. Cardiac MRI being a 
non invasive modality without risk of  radiation exposure, 
has an enormous value in differentiating between LV 
aneurysms and LV pseudoaneurysms, with the ability to 
obtain cross sectional views in any plane. Cardiac MRI 
has a sensitivity of  100% and a specificity of  83%[7].

Cardiac computed tomography is another non in-
vasive imaging modality used for acquiring the three-
dimensional anatomical and functional information on 
the myocardium and pericardium[8]. However, the limited 
temporal resolution, the usage of  iodinated contrast and 
exposure of  the patient to ionizing radiation, makes it 
less favorable.

Left ventriculography demonstrates the narrow neck 
connecting the ventricle to the cavity in which contrast 
liquid remains for several beats following the injection.
Though left ventriculography is considered the gold stan-
dard modality with a diagnostic accuracy of  about 85%[9]

,
 

it is seldom used because of  the concern for thrombus 
dislodgement.

Once the diagnosis is confirmed, urgent surgical in-
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Figure 4  Transesophageal echocardiogram: 2 chamber view confirming 
the to and fro flow between left ventricle and the pseudo aneurysm (white 
arrow).

Figure 5  Cardiac magnetic resonance imaging: 4 chamber view showing 
the connection between the left ventricular cavity and the left ventricular 
pseudo aneurysm (white arrow). LV: Left ventricular; PA: Pseudoaneurysm.
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Peer review
LV pseudoaneurysms are a rare finding mainly in patients after myocardial in-
farction; difficult to diagnose and are associated with a high mortality. The case 
report demonstrates very nicely the main diagnostic findings in this setting.
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tervention is necessary in acute LV pseudoaneurysm[10] 
as the risk of  rupture outweighs the risk of  surgery. 
Small retrospective studies have shown that patients 
with incidental finding of  chronic small LV pseudoaneu-
rysm less than 3 cm in size[10] and patients with increased 
surgical risk[11] can be managed conservatively. But until 
large studies confirm the favorable outcomes of  medical 
management over surgical intervention, the preferred ap-
proach would remain surgical management.

In conclusion, since it is challenging to diagnose LV 
pseudoaneurysm because of  the ambiguity in its pre-
sentation, diagnosis in a timely manner is crucial. High 
clinical suspicion and early utilization of  the non-invasive 
modalities for detection of  LV pseudoaneurysm are es-
sential to improve the outcome in these patients.

COMMENTS
Case characteristics
A 75-year-old female patient with history of coronary artery bypass graft and 
aortic valve replacement presenting with cough, shortness of breath and chest 
pain.
Clinical diagnosis
Grade 2/6 systolic murmur over the aortic area, no gallops, no rub, and no 
jugular venous distension. Diminished breath sounds in the mid and lower right 
lung fields and crackles over the left lower lung field and trace bilateral lower 
extremity edema.
Differential diagnosis
Myocardial infarction, congestive heart failure, left ventricular (LV) aneurysm, 
LV pseudoaneurysm, pericarditis.
Laboratory diagnosis
White blood cell count: 13.50 k/μL, hemoglobin: 10.2 g/dL, hematocrit: 31.2%, 
platelets: 334 k/μL, creatinine: 0.74 mg/dL, troponin: 4.00 ng/mL, total creati-
nine phosphokinase: 75 U/L, creatinine kinase myocardial band: 10.4 ng/dU.
Imaging diagnosis
Transthoracic echocardiogram with doppler showed a bidirectional shunt across 
the ruptured lateral left ventricle. The width of the neck is 5.8 mm and the maxi-
mal internal diameter of the aneurysmal sac is 48 mm.
Treatment
Surgical repair of LV pseudoaneurysm.
Related reports
The diagnosis of LV pseudoaneurysm is challenging requiring high clinical sus-
picion for timely diagnosis and management.
Experiences and lessons
This case report presents a rare case of pseudoaneurysm and the use of ad-
vanced imaging modalities in the diagnosis.
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Abstract
Varicocele has been implicated as a cause in 35%-50% 
of patients with primary infertility and up to 81% of 
men with secondary infertility. Although a large num-
ber of reports have shown improvement in the semen 
parameters after correction of varicocele, other studies 
have suggested no benefit. We report the first case 
of azoospermia after surgery in a young infertile male 
patient with left-sided varicocele and severe oligozoo-
spermia undergoing laparoscopic varicocelectomy. A 
pregnancy was only achieved with assisted reproduc-
tive technology because semen cryopreservation was 
performed before surgery. In the light of the above, 
the deterioration of sperm count after varicocele repair 
in patients with severe oligozoospermia could be due 
to irreversible impairment of spermatogenesis of such 
patients, together with the possible temporary dam-
age of the surgical repair. This possible complication 

could therefore turn the severe oligozoospermia into an 
indication to perform cryopreservation before surgery, 
on both clinical and medico-legal grounds. Further re-
search is needed before drawing definitive conclusions 
regarding the management of varicocele-related severe 
oligozoospermia.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Varicocele; Fertility; Semen; Cryopreserva-
tion; Oligozoospermia

Core tip: We report a case of deterioration of sperm 
count after varicocele repair in a patient with severe ol-
igozoospermia. This possible complication could there-
fore turn severe oligozoospermia into an indication to 
perform cryopreservation before surgery, on both clini-
cal and medico-legal grounds.

Milone M, Musella M, Sosa Fernandez ME, Maietta P, Sasso A, 
Sosa Fernandez LM, Sosa Fernandez LV, Milone F. Varicocele 
repair in severe oligozoospermia: A case report of post-operative 
azoospermia. World J Clin Cases 2014; 2(4): 94-96  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i4/94.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i4.94

INTRODUCTION
Varicocele has been implicated as a cause in 35%-50% of  
patients with primary infertility and up to 81% of  men 
with secondary infertility. Numerous studies have shown 
that varicocele is associated with testicular hypotrophy, 
impaired spermatogenesis, increased apoptosis of  germ 
cells at the seminiferous tubules, oxidative stress pat-
tern and a progressive damage to testicular biology over 
time[1]. Although a large number of  reports have shown 
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improvement in the semen parameters after correction 
of  varicocele, other studies have suggested no benefit[2].

CASE REPORT
We reported a case of  a 34-year-old infertile male patient 
with left-sided varicocele. On physical examination, the 
patient’s varicocele was categorized as grade 3 according 
to a three grade scale (grade 1: detectable during Valsalva 
maneuver only; grade 2: palpable at rest; grade 3: visible 
at rest). The reflux during color Doppler ultrasound, 
classified into three grades (slight and brief  reflux, end-
ing before the Valsalva maneuver was completed; lasting 
throughout the Valsalva maneuver; and severe reflux, al-
ready present with the patient supine at rest) was detected 
as severe with reflux at rest.

A basic infertility evaluation including a detailed his-
tory and a complete physical examination was undertaken 
and the infertility was defined on the basis of  a failure 
to establish a pregnancy within 1 year with unprotected 
intercourse. No history of  smoking, drug abuse or other 
systemic disease was reported. Hormonal parameters 
before and after surgery were normal. Semen analysis, 
conducted according to the World Health Organization 
recommendations, showed a severe oligozoospermia. 
The median value of  the percentage of  progressive 
motile sperm was 18%, while the median value of  the 
percentage of  normal forms was 11%. Nevertheless, the 
woman was normal, based on history, hormonal levels 
and hysterosalpingogram.

The surgical approach used was laparoscopic ligation 
of  the spermatic vein. The spermatic cord at the inter-
nal ring was identified and then the parietal peritoneum 
overlying the spermatic cord was incised with scissors. 
The engorged internal spermatic veins were then identi-
fied, dissected, ligated and divided. The venous ligation 
was performed by a freehand intracorporeal knot-tying 
technique with 3-0 silk ligature. The lymphatic vessels 
and testicular artery were meticulously identified and pre-
served. The post-operative course was uneventful and the 
patient was discharged after 24 h. The patient underwent 
physical examination 1 mo after surgery and spermatic 
color Doppler and semen analysis 6 mo after surgery. 

The size of  the left testis before and after surgery was 
3.2 cm and 3.3 cm respectively. Although no complica-
tions or recurrence were noted, a deterioration in sperm 
concentration was recorded and the patient became 
azoospermic. A pregnancy has only been achieved with 
assisted reproductive technology because semen cryo-
preservation was performed before surgery.

The patient underwent another semen analysis 1 year 
after surgery but it was not necessary to perform a testis 
biopsy before varicocelectomy.

DISCUSSION
The Practice Committee of  the American Society for 
Reproductive Medicine recently published recommenda-

tions for the evaluation and treatment of  varicoceles[3,4]. 
This report was previously published as a peer-reviewed 
consensus jointly with the Male Infertility Best Practice 
Policy Committee of  the American Urological Associa-
tion. The committee concluded that varicocelectomy 
should be offered to the male partner in couples attempt-
ing to conceive only when all of  the following conditions 
were present: a palpable varicocele, documented couple 
infertility, a female partner with normal fertility or po-
tentially correctable infertility, and a male partner with 
one or more abnormal semen parameters or test results 
showing abnormal sperm function.

Concerning the operative technique, data in the lit-
erature do not show significant differences in seminal pa-
rameter improvements comparing the different surgical, 
microsurgical or interventional radiological techniques. 
According to the main international guidelines, currently 
it is not possible to identify a gold-standard treatment 
and the most appropriate technique is the one that the 
surgeon is most confident with or that is the easiest 
to perform in each hospital setting. Furthermore, it is 
demonstrated that accidental ligation or injury of  the 
testicular artery during primary varicocele repair has no 
deleterious effect on post-operative semen and pregnancy 
outcomes[5]. The predictors of  varicocele repair outcome 
are high-grade varicocele, normal serum FSH, total motil-
ity > 60% and total motile sperm count > 5 × 106 before 
varicocelectomy. These good prognostic indicators may 
only help in identifying those men with a better progno-
sis for varicocelectomy[6]. Nevertheless, such predictors 
cannot be evaluated as a contraindication of  perform-
ing a varicocelectomy. In fact, in the past 10 years, some 
studies have shown that also nonobstructive azoospermic 
patients with varicocele identified on physical examina-
tion may benefit from varicocele repair[7].

We reported, to the best of  our knowledge, the first 
case of  azoospermia after laparoscopic varicocele repair 
in a young infertile male patient with left-sided varicocele 
and severe oligozoospermia.

Few studies have shown deterioration or azoospermia 
after surgery. Moreover, they do not analyze the charac-
teristics of  the patients with semen deterioration or jus-
tify this complication[8,9].

In our case, all of  the indications to perform vari-
cocelectomy were present and therefore, in such a case, 
malpractice cannot be a cause of  this complication. 
Moreover, there were no complications with intercourse 
and no reflux was identified with the echographic evalua-
tion after surgery.

The reason for a deterioration after varicocelectomy is 
not clear as it is not reported in the literature at all. In the 
light of  the above, the deterioration of  sperm count after 
varicocele repair in patients with severe oligozoospermia 
could be due to irreversible impairment of  spermatogen-
esis of  such patients, together with the possible tempo-
rary damage of  the surgery repair. This possible compli-
cation could therefore turn the severe oligozoospermia 
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into indications to perform cryopreservation before sur-
gery, on both clinical and medico-legal grounds. Further 
research is needed before drawing definitive conclusions 
regarding management of  varicocele-related severe oligo-
zoospermia. A randomized clinical trial on these patients 
with severe oligozoospermia and varicocele would be 
useful to evaluate the effectiveness of  varicocelectomy.

COMMENTS
Case characteristics
Young infertile man with varicocele and severe oligozoospermia.
Clinical diagnosis
Asymptomatic patient.
Laboratory diagnosis
Semen analysis showed a severe oligozoospermia and the median value of the 
percentage of progressive motile sperm was 18%, while the median value of 
the percentage of normal forms was 11%.
Imaging diagnosis
The reflux during color Doppler ultrasound was detected severe with reflux at 
rest.
Treatment
A pregnancy has only been achieved with assisted reproductive technology 
because semen cryopreservation was performed before surgery.
Experiences and lessons
In the light of the above, the deterioration of sperm count after varicocele repair 
in patients with severe oligozoospermia could turn the severe oligozoospermia 
into an indication to perform cryopreservation before surgery, on both clinical 
and medico-legal grounds.
Peer review
The manuscript reported the first case of azoospermia after laparoscopic vari-
cocelectomy in a young infertile patient with left-sided varicocele and severe 
oligozoospermia, which is contrary to most others that have been published in 
the literature.
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Abstract
We report a case of a 54-year-old patient who was 
denied surgical replacement for severe aortic stenosis 
because of complicated acquired immunodeficiency 
syndrome and who successfully underwent transcath-
eter aortic valve implantation at our institution.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Severe aortic stenosis; Acquired immunode-
ficiency syndrome; Transcatheter aortic valve implanta-
tion; Heart team; Periprocedural complications

Core tip: The present case report describes the feasibil-

Transcatheter aortic valve implantation in a 54-year-old 
patient with aggressive hiv

Stefano Salizzoni, Fabrizio D’Ascenzo, Claudio Moretti, Stefano Bonora, Andrea Calcagno, Pierluigi Omedè, 
Chiara Montrucchio, Enrico Cerrato, Chiara Colaci, Imad Sheiban, Sebastiano Marra, Mauro Rinaldi, 
Fiorenzo Gaita

ity and safety of transcatheter aortic valve implantation 
for patients with acquired immunodeficiency syndrome, 
evaluated after the heart team decision.

Salizzoni S, D’Ascenzo F, Moretti C, Bonora S, Calcagno A, 
Omedè P, Montrucchio C, Cerrato E, Colaci C, Sheiban I, Marra 
S, Rinaldi M, Gaita F. Transcatheter aortic valve implanta-
tion in a 54-year-old patient with aggressive HIV. World J Clin 
Cases 2014; 2(4): 97-99  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i4/97.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i4.97

INTRODUCTION
The transcatheter aortic valve implantation (TAVI) proce-
dure is currently considered a valid alternative to surgery 
in patients with severe aortic stenosis not eligible for 
valve replacement or with high operative risk, as demon-
strated by the recent PARTNER[1] trial, which showed 
similar results between surgery and TAVI. For this rea-
son, it may represent an attractive option for patients 
whose surgical risk is difficult to assess, like immuno-
compromised ones.

CASE REPORT
We report the case of  a 54-year-old male (82 kg, 178 
cm) with a diagnosis of  post-transfusion HIV infection 
in 1990, who had taken six different antiretroviral drugs 
because of  a virus with several resistances. In October 
2009, the patient was hospitalized for Listeria meningitis 
and he suffered from several episodes of  acute heart fail-
ure, after which severe aortic stenosis was diagnosed by 
transthoracic echocardiography (TTE), with a mean gra-
dient of  55 mmHg and an ejection fraction of  50% with-
out coronary disease at the angiography. The patient was 
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consequently referred to cardiac surgeons who refused to 
do the procedure due to a high operative risk, with a Cd4 
cell count of  400 cell/cc and low count of  platelets. Nev-
ertheless, from December 2010 he became symptomatic 
(NYHA Ⅲ) and had several syncopal episodes, the last 
of  which led to a leg fracture.

The patient was referred again to our surgeons who 
considered him for TAVI, despite his age and low risk 
detected by common scores (Logistic EuroSCORE 
1.51%, STS 3%). Multidisciplinary discussion, including 
the infectious diseases specialist who foresaw at least a 
2-year survival and a high risk of  potential life threaten-
ing peri-intervention infections at the same time, led to 
the decision of  a percutaneous transfemoral approach 
to minimize all potential sites of  infection, both for the 
patient and the operators. He was successfully treated 
with a 29 mm CoreValve and discharged uneventfully on 
post-operative day nine (Figure 1). His TTE showed a 
mean gradient of  12 mmHg and mild paraprothesic aor-
tic insufficiency. His cardiovascular therapy consisted of  
aspirin, clopidogrel and furosemide 25 mg.

Two weeks after discharge, he presented to the emer-
gency department because of  angina (CCS Ⅱ) and re-
peated episodes of  gingival bleeding and melena. ECG 
was unchanged but important anemia (Hb 8 g/dL) was 
detected, so clopidogrel was stopped.

At the 12 mo follow-up, he was in NYHA Ⅰ and had no 
further syncope or angina. Ejection fraction was 51%, with 
a mean transprothesic gradient of  12 mmHg and still mild 
paraprothesic aortic insufficiency on echocardiography.

DISCUSSION
The numbers of  immunocompromised patients with 
aortic stenosis will increase because of  longer survival for 
HIV patients[2-4].

Despite some encouraging reports from patients with 
uncomplicated HIV[5], their management can be really 
tricky: for patients, because of  a high infective risk, high 
prevalence of  renal disease and consequently a risk of  
bleeding or thrombosis[4-6], and for surgeons, due to con-
tamination risk[7]. Moreover, accurate tools to correctly as-
sess risk in immunocompromised patients (not appraised 
by EuroSCORE and only partially by the STS score[8,9]) 
are lacking and no data are reported about in hospital and 
midterm follow up complications. This medical issue will 
become more and more relevant due to the increase in 
survival of  patients with immunodeficiency (both HIV 
or after transplant). It must be remembered that in some 
countries, such as the United States, the TAVI procedure 
is still considered to be in an initial phase and this can 
affect the lack of  data regarding this population. To the 
best of  our knowledge, this is the first HIV patient with 
severe aortic stenosis treated by TAVI, which was chosen 
mainly due to the infective risk. TAVI, with an accurate 
treatment of  in-hospital complications, may represent a 
feasible choice for those with HIV/AIDS.

COMMENTS
Case characteristics
Aggressive acquired immunodeficiency syndrome (AIDS) in a patient referred 
for invasive cardiac surgery to improve his life expectancy.
Clinical diagnosis
NYHA Ⅲ: reduced second heart sound with systolic murmur heard. Electrocar-
diogram (ECG) with left ventricle hypertrophy and echocardiogram confirming 
severe stenosis.
Differential diagnosis
After syncope, ECG monitoring did not show any atrioventricular block.
Laboratory diagnosis
The lymphocyte typing detected a significant reduction in the lymphocyte sub-
population of CD3+, CD4+ and CD19+.
Imaging diagnosis
Transthoracic echocardiography showed the left ventricle with concentric hy-
pertrophy and FE of 55%; severe aortic stenosis with AVA 0.8 cm² and mean 
transvalvular gradient of 55 mmHg without coronary disease at angiography.
Pathological diagnosis
HIV-positive patient treated with anti-retroviral therapy, suffering from symptom-
atic severe aortic stenosis.
Treatment
Transfemoral transcatheter aortic valve implantation (TAVI).
Term explanation
Core Valve is a valve prosthesis, comprised of 3 porcine pericardial tissue leaf-
lets mounted in a self-expanding nitinol frame. This valve has only been used 
in a retrograde approach, either via transfemoral, subclavian or direct aortic 
access.
Experiences and lessons
TAVI can be considered a therapeutic option for severe aortic stenosis in a 
severe immunosuppressed status, as for patients with AIDS treated with antiret-
roviral therapy.
Peer review
The argument could be considered a strong point because in the literature, this 
is not treated; in fact, this was the first TAVI procedure on a patient affected by 
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Figure 1  Positioning image. A: Pig tail positioning before transcatheter aortic 
valve implantation; B: Valve after positioning.
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AIDS at high risk for valve surgical replacement. So, this case report represents 
an example for an alternative therapeutic option, giving an opportunity for these 
patients to be cured despite their important comorbidity.
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Abstract
We present a case of a 33-year-old female who sus-
tained multiple injuries of her spine, including spinous 
process fractures of C5 to C7 and a lamina fracture 
of C6 and C7. Her thoracic spine showed transverse 
process fractures of T4 to T10, a compression fracture 
and lamina fracture of T3, spinous process and trans-
verse process fractures of T4 and T5, a rotation injury 
of T6, as well as a compression fracture of L1. Thirteen 
months after posterior thoracic spinal instrumentation, 
a pedicle screw was suspected to be in contact with the 
aorta, which was proved by computed tomography an-
giograms. Consequently, implant removal was planned 
with direct exposure of the aorta in order to allow for 
immediate repair if needed. So far, studies that com-
pare different techniques to remove pedicle screws 
that are suspected to penetrate the aorta are missing. 
However, different techniques have been described in 
case reports, mainly minimally invasive endovascular 
techniques vs  open techniques such as thoracotomy.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Spine; Pedicle screw; Aorta; Bleeding; Im-

plant removal; Hemorrhage

Core tip: Large vessel damage is described during spi-
nal surgery and can lead to perforation of the aorta by 
misplaced pedicle screws. However, misplaced pedicle 
screws are often seen within postoperative computed 
tomography scans, only resulting in elective pedicle 
screw removal/exchange. Different techniques are 
available. We describe the use of a thoracotomy to 
prevent lethal hemorrhage. The importance of preop-
erative planning is highlighted, including pondering the 
advantages and disadvantages.

Decker S, Omar M, Krettek C, Müller CW. Elective thoracotomy 
for pedicle screw removal to prevent severe aortic bleeding. 
World J Clin Cases 2014; 2(4): 100-103  Available from: URL: 
http://www.wjgnet.com/2307-8960/full/v2/i4/100.htm  DOI: 
http://dx.doi.org/10.12998/wjcc.v2.i4.100

INTRODUCTION
Damage to large vessels like the aorta is a major compli-
cation in spinal surgery. This is a rare but life-threatening 
event. It is not uncommon that pedicle screws can 
penetrate the anterior cortex, therefore posing a risk of  
trauma to the aorta[1]. The anterior vertebral body is con-
vex which increases the risk of  penetration by the pedicle 
screws. As there is no biomechanical benefit from pen-
etration of  the anterior cortex with a pedicle screw, spinal 
surgeons generally do not strive for it[2].

Research has shown that the posterior spinal ap-
proach poses less risk for severe aortic bleeding than that 
of  anterior surgery. Liljenqvist et al[3] reported 99 patients 
of  whom only one underwent pedicle screw exchange 
because of  its proximity to the aorta[4-6].

Major arterial bleeding has also been reported after 
lumbar disc surgery[7]. In particular, aortic damage has 
been reported after pedicle screw instrumentation. Most 
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authors favor minimally invasive endovascular treatment 
using a femoral artery approach to implant a stent for a 
misplaced pedicle screw that penetrates the aorta before 
implant removal[8-11].

In the event of  aortic bleeding during the removal of  
pedicle screws, the patient is at a particularly high risk for 
exsanguination. Different invasive strategies are available 
to protect the patient from life-threatening bleeding, of  
which thoracotomy with direct visualization of  the aorta 
and endovascular approaches with the use of  stents are 
the main strategies.

Whilst there are several reports on endovascular treat-
ment of  aortic damage due to spinal instrumentation, 
reports regarding thoracotomy are rare[12,13]. We present 
a case of  a displaced pedicle screw with a concern of  
penetration of  the aorta. Elective thoracotomy was per-
formed during implant removal for best visualization and 
to give the opportunity for immediate aortic clamping in 
case of  severe bleeding.

CASE REPORT
A 33-year-old woman was admitted to our emergency de-
partment with multiple injuries during a roll-over accident 
with her car. Endotracheal intubation was performed at 
the site of  the accident without complications. No neu-
rological deficit was reported. She suffered from severe 
thoracic trauma with several rib fractures on both sides, 
lung contusions, a hemopneumothorax, as well as a left 
forearm fracture. She also suffered from multiple severe 

spinal injuries. Her cervical spine had spinous process 
fractures of  C5-C7 and a lamina fracture of  C6-C7. Her 
thoracic spine showed transverse process fractures from 
T4 to T10, a compression fracture and lamina fracture 
of  T3, spinous process and transverse process fractures 
of  T4 and T5, a rotation injury of  T6 (Figure 1), as well 
as a compression fracture of  L1. We performed pedicle 
screw instrumentation from T2 to T10, as well as a lami-
nectomy of  T6 and posterior fusion on the day of  injury 
(Figure 2). Three weeks later, an anterior interbody fu-
sion of  T5 to T7 was performed with an autologous iliac 
crest bone graft using a thoracoscopic approach. The 
postoperative computed tomography (CT) showed cor-
rect positioning of  all pedicle screws, as well as the bone 
graft. Wound healing was regular without complications. 
She was discharged 23 d after admission and directly 
started rehabilitation. The patient stayed on our intensive 
care unit during the complete hospital stay. We allowed 
full weight-bearing. Follow-up care was performed by 
resident physicians. Thirteen months after anterior fu-
sion, she presented in our outpatient clinic and a CT 
scan was performed to evaluate fracture healing as well 
as integration of  the bone graft. There was a concern 
that the left pedicle screw of  T7 was in contact with or 
could potentially perforate the aorta. This was not seen 
on the previous CT scan (Figure 3). Transesophageal so-
nography could not exclude an intraaortic position of  the 
tip of  the pedicle screw. Consequently, we planned the 
implant removal which was performed two weeks after 
the CT scan. This was done with the help of  the vascular 
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Figure 1  Severe rotation injury of T6 in the coronal and sagittal plane.
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Figure 2  Postoperative X-ray after posterior fusion.

A B C
Figure 3  The left pedicle screw of T7 seems to 
perforate the aorta. A and B: Transversal view; C: 3D 
image, the left T7 pedicle screw is marked by the arrow. 



surgeons.
The patient was placed in the right lateral position. 

Using a median approach, we first removed the cross 
connector, the rod as well as all the pedicle screws on the 
right side. A thoracotomy was then performed through 
the 6th and 7th intercostal space. Anterior preparation of  
the T7 left pedicle screw, which penetrated the anterior 
cortex of  the corpus vertebrae, was done for optimal 
visualization before implant removal; the screw did not 
penetrate the aorta. The aorta was pulled across using 
a retractor so that it did not cover the screw of  T7. We 
then removed the left rod as well as all the pedicle screws. 
No bleeding was observed with removal of  the T7 pedi-
cle screw. The incision was closed in layers after irrigation 
and placement of  a chest tube and drains at the back. 
One month later, the patient needed revision surgery 
because of  a seroma at the back. The seroma had been 
apparent since discharge from the hospital after implant 
removal and was punctured in our outpatient clinic three 
times before revision surgery. Afterwards, to our knowl-
edge no further complication occurred. However, wound 
healing was monitored by a resident physician between 
the initial surgery and the implant removal.

DISCUSSION
When surgeons suspect that a pedicle screw affects the 
aorta, one should keep in mind that implant removal 
should not be performed with the patient in a prone 
position without further precautions. Instead, intensive 
preoperative planning is needed and vascular surgeons 
should be contacted in advance if  the trauma or orthope-
dic surgeon is not qualified to manage large vessel dam-
age. Preoperative planning should include good visualiza-
tion of  the spatial relationships of  the tip of  the screw 
as well as the involved vessels. Different techniques are 
available, mainly minimally invasive endovascular tech-
niques as well as a thoracotomy[8-13]. Clear guidelines as to 
which technique is best are missing so far. In this case, we 
decided to perform a thoracotomy to directly visualize 
the left T7 pedicle screw as we were afraid of  not being 
able to control bleeding in case of  aortic rupture using an 
endovascular approach. Although this is a very invasive 
technique, it provides the best visualization as well as 
access for a fast intervention like aortic clamping in the 
event of  aortic injury. Nevertheless, alternatives such as 
preoperative implantation of  femoral arterial access for 
quick endovascular intervention have to be considered 
and extensively discussed with the patient and the team 
preoperatively. When pedicle screw removal is planned 
because of  its proximity to the aorta, the patient should 
be clearly informed about the risk of  bleeding, as well as 
the various options to prevent life-threatening bleeding. 
We recommend a multi-disciplinary discussion of  these 
surgeries to evaluate which technique is best. Generally, 
surgeons should decide depending on two main aspects. 
First, the technique has to be safe to prevent lethal hem-
orrhage and surgeons have to feel safe. Second, the sur-

gery should be as minimally invasive as possible. E.g., a 
thoracotomy[12,13] is very invasive and should be avoided 
whenever possible. In conclusion, this is a very subjective 
decision. Clear data that help to decide which technique 
is best in which situation is missing and, in contrast, the 
decision-making process depends on individual surgical 
competence and experience.

COMMENTS
Case characteristics
The patient described did not show any symptoms 13 mo after posterior instru-
mentation of multiple spinal fractures. However, a computed tomography (CT) 
scan did raise suspicion that a pedicle screw could perforate the aorta.
Clinical diagnosis
Like in the CT, intraaortic positioning of the pedicle screw could not be excluded 
by transesophageal sonography.
Treatment
The authors planned implant removal using a thoracotomy for direct visualiza-
tion of the aorta which did not appear to be perforated.
Related reports
Thoracotomy is a very invasive technique that provides the best visualization 
during surgery but there have also been reports that described minimally inva-
sive endovascular treatment.
Term explanation
The authors experienced the importance of intensive preoperative planning, as 
well as a multidisciplinary approach to discuss all available treatment options to 
reduce the risk of lethal hemorrhage during surgery.
Experiences and lessons
The strength of this case report is that it describes a rare situation that can, 
however, be seen by every spine surgeon. Although the authors describe a very 
invasive technique, other techniques have also been described. Nevertheless, 
the decision of which technique to use is very subjective as experience with this 
specific topic is low.
Peer review
The study reported how a 33-year-old patient underwent a thoracotomy for 
pedicle screw removal due to suspected contact with the aorta. It is an unusual 
but not unheard of occurrence which is valuable to review.
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philia; Diagnosis

Core tip: Two issues are emphasized by reporting this 
case. Firstly, it is important to recognize the possibil-
ity of osteoid osteoma in a young adult patient with 
persistent chronic and nocturnal elbow pain which is 
alleviated with nonsteroidal anti-inflammatory drugs. 
Secondly, histopathological confirmation is not always 
possible and necessary to establish the diagnosis of os-
teoid osteoma.

van den Bekerom mpj, van Hooft mAA, Eygendaal D. Osteoid 
osteoma of the elbow mimicking hemophilic arthropathy. World 
J Clin Cases 2014; 2(4): 104-107  Available from: URL: http://
www.wjgnet.com/2307-8960/full/v2/i4/104.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i4.104

INTRODUCTION
Osteoid osteoma is a benign tumor in young adults and 
is relatively common, accounting for approximately 
10%-12% of  all benign skeletal neoplasms[1-3]. Jaffe[4] first 
described this entity in 1935 as a distinct osteoblastic 
skeletal tumor. It usually occurs in the second and third 
decade of  life and the male/female sex ratio is approxi-
mately 3:1[1,3]. This tumor is curable by surgical excision. 
About 50% to 60% of  osteoid osteomas occur in the 
long bones of  the lower extremities and the femoral neck 
is the single most frequent anatomic site. In these cases, 
the diagnosis is usually typical. However, in the upper 
extremities where the bones of  the elbow are the most 
frequent anatomic site, the clinical and imaging picture 
may be misleading, often mimicking other entities. This 
poses a challenge to the diagnosis which is often delayed, 
resulting in a significantly negative impact on the patient’s 
quality of  life[3,5]. Making the diagnosis is especially diffi-
cult when the patient is known to have other joint pathol-
ogy. We describe a case of  osteoid osteoma mimicking 
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Abstract
A case of osteoid osteoma of the elbow in a patient 
with hemophilia A is described. This male patient pre-
sented with chronic and nocturnal pain of the left el-
bow which was alleviated with acetaminophen. Besides 
pain, he also complained of stiffness. Before these 
complaints, he had recurrent bleedings in the elbow 
because of hemophilia. A delayed diagnosis of osteoid 
osteoma in the proximal part of the left ulna was es-
tablished by a bone scan and a multislice spiral com-
puted tomography (CT) scan. The lesion was surgically 
removed under CT-guidance. The histopathological 
analyses did not show specific features of osteoid os-
teoma. Two months after the operation, the complaints 
decreased and the range of motion of the left elbow 
improved. A diagnosis of osteoid osteoma of the elbow 
should be considered in young adult patients with per-
sistent elbow pain and histological confirmation is not 
always necessary.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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arthropathy of  the elbow in a patient with hemophilia.

CASE REPORT
A 29-year-old man presented with chronic pain of  the 
left elbow that was alleviated with painkillers. The pain 
had started suddenly 1.5 years ago after lifting a weight. 
The patient had locking complaints, nocturnal pain and 
pain at rest. He also had hemophilia A with recurrent 
bleedings in the elbow and progressive extension deficit 
of  the elbow. A previous arthroscopy was performed but 
without improving the range of  motion and diminish-
ing pain. Physical examination of  the left elbow revealed 
mild crepitus and no hydrops of  the joint. Flexion of  the 
elbow was possible until 110 degrees and there was an 
extension deficiency of  30 degrees. Pronation and supi-
nation was possible until 60 and 80 degrees respectively. 
Palpation of  the lateral epicondyle and the proximal ulna 
was painful. There were no neurological or vascular ab-
normalities.

A plain radiograph (Figure 1) and a computed tomog-
raphy (CT) scan performed in April 2007 revealed only 
osteoarthrotic changes without visualization of  a nidus. 
A magnetic resonance imaging (MRI) scan showed a 
synovitis and hydrops and therefore a synovectomy was 
performed, without improvement in motion and pain.

A bone scan showed a circumscript hyperemic and 
metabolic active focus in the proximal part of  the left 
ulna. These findings match the diagnosis of  osteoid 
osteoma, cartilage lesion, osteomyelitis and a fissure or 
fracture. In December 2007, a multislice spiral CT scan 
showed early degenerative changes of  the left elbow joint 
with signs of  arthritis. It also confirmed the diagnosis of  
osteoid osteoma in the proximal ulna with a clearly calci-
fied central nidus just distal from the proximal radioulnar 
joint and with surrounding periost reaction. The mea-
surement of  the lesion was 12 mm × 8 mm.

The patient was given clotting factor Ⅷ preopera-
tively and a CT-guided surgical excision of  the lesion was 
performed (Figure 2). The histological analyses showed 
cancellous bone with sclerotic changes without specific 
features. A second opinion was sought from the national 
committee on bone tumors at Leiden University medical 
center and by consensus they confirmed the diagnosis 
osteoid osteoma, although histological analyses did not 
establish it.

Two months after the operation, the pain had de-
creased and the function of  the elbow had improved. 
Flexion was possible until 120 degrees and there was an 
extension deficiency of  20 degrees. A plain radiograph 
of  the left elbow performed after the operation showed 
a decrease of  sclerotic changes in the proximal ulna. One 
year after surgical excision of  the lesion the patient was 
discharged from follow up.

DISCUSSION
The general clinical presentation is the persistence of  a 

dull, diffuse, aching pain of  increasing severity. The pain 
is frequently worse at night and is alleviated by nonsteroi-
dal anti-inflammatory agents[1,3,5]. Because clinical features 
precede imaging, there is frequently a delay in the diag-
nosis and patients are often treated for and suspected of  
having other conditions. Osteoid osteoma of  the elbow 
may masquerade as a non-specific synovitis. However, 
the possibility of  osteoid osteoma must be considered in 
the presence of  persistent pain with diminished range of  
movement of  unknown etiology[2,5].

Osteoid osteoma is a benign tumor that consists of  a 
well-demarcated osteoblastic mass called a nidus that is 
surrounded by a distinct zone of  reactive bone sclerosis. 
The zone of  sclerosis is not an integral part of  the tumor 
and represents a secondary reversible change that gradu-
ally disappears after the removal of  the nidus. The nidus 
tissue has a limited local growth potential and usually is 
less than 1 cm in diameter[3]. The elbow is a rare loca-
tion in which to find osteoid osteoma. Bruguera et al[6] 
identified only four osteoid osteomas among all primary 
tumors of  the elbow in the Leeds Regional Bone Tumour 
Registry.

Our patient had a history of  hemophilia A. This is 
an X-linked inherited bleeding disorder characterized by 
a deficiency of  clotting factor Ⅷ[7,8]. Arthropathy caused 
by recurrent intra-articular hemorrhages is a common 
complication of  severe hemophilia. The elbow joint is 
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Figure 1  A plain radiograph revealed osteoarthritic changes without visu-
alization of a nidus.

Figure 2  The nidus is computed tomography-guided surgically removed.



the second most common site of  arthropathy in the 
hemophilic patient. Severe arthropathy of  the elbow is 
complicated by pain, stiffness, reduced range of  motion 
and chronic synovitis[9,10]. This comorbidity complicated 
and delayed the diagnosis of  osteoid osteoma in the de-
scribed case.

The radiological features of  osteoid osteoma of  the 
elbow include the following triad: (1) osteosclerosis, usu-
ally a dominant feature at initial imaging and typically 
enveloping the nidus; (2) joint effusion; and (3) a perios-
tal reaction that can involve both the bone in which the 
osteoid osteoma arises and adjacent bones. Awareness of  
these features will facilitate making the correct diagnosis, 
thereby facilitating timely and appropriate treatment[2]. 
About a quarter of  osteoid osteomas are not detected 
on plain radiographs. CT scan, bone scintigraphy and 
MRI are useful to make an early and correct diagnosis. 
Although MRI is not very helpful in diagnosing osteoid 
osteoma, it can be beneficial in showing the inflammatory 
reaction produced by osteoid osteoma and in excluding 
other associated pathologies[1,3,11].

In the described case the nidus was not observed on 
plain radiographs. Because of  persisting complaints and 
clinical symptoms with normal radiographic examina-
tion, a bone scintigram was performed which showed an 
increased uptake of  radioisotope. Additionally, a multi-
slice CT scan was performed which localized the nidus, 
accurately disclosing its relationship with the surrounding 
anatomical structures, thus beneficial for the pre-opera-
tive planning[5].

The histology of  osteoid osteoma in the elbow is 
indistinguishable from that in typical locations[2]. The 
lesion is usually smaller than 1.5 cm in diameter and is 
composed of  a central core of  vascular osteoid tissue 
(nidus) surrounded by a peripheral zone of  reactive scle-
rotic bone. The nidus appears as a distinct oval or round 
reddish area that can be easily separated from its bed. Mi-
croscopically, the nidus consists of  thin bone trabeculae 
uniformly distributed in loose stromal vascular connec-
tive tissue. The trabeculae are usually thin and their size 
varies from lesion to lesion and in different areas of  the 
same nidus. The central portion of  the nidus is heavily 
ossified and less cellular compared with the more cellular 
but less mineralized peripheral portion[3,5].

The diagnosis of  osteoid osteoma in the described 
case was based on history, physical examination and radi-
ology and was not confirmed by the pathology examina-
tion but by consensus of  the national bone tumor com-
mittee. The complaints decreased and the range of  motion 
improved after surgical excision of  the tumor. In nearly 
20% of  patients surgical exploration fails to uncover the 
nidus, according to the Mayo clinic data[3]. Persistence of  
typical symptoms after surgery may mean that the nidus 
was not (completely) removed and that only surround-
ing reactive bone was excised. Some patients obtained 
complete postoperative relief  of  symptoms without 
histopathological confirmation of  an osteoid osteoma 
nidus. This was possibly because the nidus may have 
been so small in relationship to the abundant surround-

ing sclerotic bone that it was removed but not recognized 
by the surgeon and thus not delivered for pathological 
examination; or the nidus may have been present in the 
specimens but was missed on histological survey; or the 
nidus may not have been found on pathological examina-
tion because of  damage to the friable tissue or separation 
of  the nidus[12].

A conservative treatment for osteoid osteoma de-
scribed in the literature is management with anti-
inflammatory drugs for 30 to 40 mo which can induce 
permanent relief  of  symptoms and regression of  the 
nidus observed on radiographs[13]. However, given the 
tendency for synovitis and loss of  motion with a pro-
longed period of  symptoms from osteoid osteoma of  
the elbow, the indicated treatment is total excision of  the 
nidus, either by open surgery or by radio-frequency percu-
taneous ablation[3,5,11].

Two issues were emphasized by reporting this case. 
Firstly, it is important to recognize the possibility of  
osteoid osteoma in a young adult patient with persistent 
chronic and nocturnal pain in the elbow which is allevi-
ated with nonsteroidal anti-inflammatory drugs. Secondly, 
histopathological confirmation is not always possible and 
necessary to establish the diagnosis osteoid osteoma.
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Firstly, it is important to recognize the possibility of osteoid osteoma in a young 
adult patient with persistent chronic and nocturnal pain in the elbow which is al-
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Abstract
A 29-year-old gentleman underwent a transverse co-
lostomy for intestinal obstruction caused by advanced 
rectal carcinoma. On the 5th postoperative day, the 
patient developed a painful swelling on the right side 
of the abdomen. The contrast enhanced computed 
tomography of the abdomen revealed a right sided 
hydronephrosis, a large rent in the renal pelvis, and a 
large retroperitoneal fluid collection on the right side. 
Percutaneous nephrostomy and pigtail catheter drain-
age of the urinoma led to resolution of abdominal 
swelling. Development of a urinoma as a consequence 
of rectal carcinoma is highly unusual. Prompt imaging 
for confirmation of diagnosis, decompression of the re-
nal pelvicalyceal system, and drainage of the urinoma 
limits morbidity.

© 2014 Baishideng Publishing Group Co., Limited. All rights 

reserved.

Key words: Colorectal cancer; Urinoma; Spontaneous 
rupture of the renal pelvis; Percutaneous nephrostomy; 
Pigtail catheter drainage

Core tip: A recent development of a loin swelling in a 
patient with a malignant pelvic tumor should alert the 
clinician to the possibility of a urinoma due to spon-
taneous rupture of the obstructed renal pelvis. Early 
imaging for confirmation of diagnosis and decompres-
sion of the renal pelvicalyceal system help to arrest a 
further downhill course of the patients.

Garg PK, Mohanty D, Rathi V, Jain BK. Spontaneous rupture 
of the renal pelvis presenting as an urinoma in locally advanced 
rectal cancer. World J Clin Cases 2014; 2(4): 108-110  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i4/108.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i4.108

INTRODUCTION
A urinoma may be defined as a localized collection of  
urine within the retroperitoneum but outside the urinary 
system following a breach in the urothelium. Blunt ab-
dominal trauma and iatrogenic injuries account for most 
urinomas. Pelvic malignancies have been less frequently 
implicated in the development of  a urinoma. Infiltration 
of  the lower ureter by the malignant pelvic growth causes 
persistent obstruction to urine flow and progressive dila-
tation of  the upper urinary tract. The mounting pressure 
inside the pelvicalyceal system may lead to rupture of  
the renal pelvis and urinary extravasation[1]. We, herein, 
report a young patient suffering from locally advanced 
rectal adenocarcinoma who developed a urinoma follow-
ing rupture of  the obstructed right renal pelvis due to 
malignant infiltration of  the lower ureter.
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CASE REPORT
A 29-year-old gentleman presented as a surgical emer-
gency with features of  intestinal obstruction. Abdominal 
examination revealed distention of  the abdomen, pal-
pable bowel loops and increased bowel sounds. Digital 
rectal examination coupled with proctoscopy revealed an 
encircling ulceroproliferative growth in the distal rectum, 
5 cm proximal to the anal verge. The growth was fixed to 
the pelvis. A plain radiograph of  the abdomen revealed 
dilated small and large bowel loops. Transverse colos-
tomy was performed to relieve intestinal obstruction. 

Endoscopic biopsy of  the rectal growth revealed adeno-
carcinoma. On the 5th postoperative day, the patient de-
veloped a painful swelling on the right side of  the abdo-
men (Figure 1). He did not report any urinary and bowel 
symptoms. Ultrasonography of  the abdomen showed a 
large hypoechoic collection along the right abdominal 
wall extending from the right kidney to the right iliac fos-
sa. Contrast enhanced computed tomography (CECT) of  
the abdomen demonstrated right hydronephrosis, a large 
rent in the renal pelvis, perinephric stranding and a large 
retroperitoneal fluid collection on the right side (Figure 2). 
Ultrasound guided percutaneous nephrostomy and pigtail 
catheter drainage of  the fluid collection was performed 
along with administration of  intravenous antibiotics. Two 
liters of  blood tinged urine was drained and the swelling 
subsided within the next two days. The pigtail catheter 
was removed after five days. The patient was advised to 
have definitive chemoradiation therapy for the rectal ade-
nocarcinoma; however, he opted for alternative medicine 
and did not come for further treatment.

DISCUSSION
Ureters can be easily obstructed by pelvic malignancies 
by virtue of  their thin wall and narrow caliber lumen. 
Unrelieved progressive urinary obstruction in the pres-
ence of  a functional kidney can disrupt the pelvicalyceal 
system, leading to formation of  a urinoma[2]. The renal 
pelvis, least supported by the parenchymal mass of  kid-
ney, is vulnerable for rupture in such scenarios. Carci-
noma of  the rectum, cervix, ovary, urinary bladder, and 
metastatic pelvic lymphadenopathy have been implicated 
in causation of  spontaneous urinary rupture and urinoma 
formation[3-5]. Carcinoma of  the rectum in particular has 
an unrelenting course in young individuals, characterized 
by advanced stage and higher-grade tumors at diagnosis[6]. 
The incidence of  extra-intestinal complications is also 
more frequent in these patients. Apart from malignancies, 
mechanical obstruction secondary to congenital anoma-
lies, calculus, prostatomegaly and pregnancy can also lead 
to disruption of  the pelvicalyceal integrity and formation 
of  a urinoma.

Urinomas exhibit gradual enlargement in size until 
the whole retroperitoneum is filled with the cystic mass. 
Since the contained urine is sterile, pain is not an early 
and prominent symptom. The patients usually present 
with an asymptomatic loin lump that requires imaging to 
confirm the diagnosis. Development of  pain suggests in-
fection of  the extravasated urine or compression on the 
adjacent structures by the expanding urinoma. Pain may 
also be related to the primary disease. Ipsilateral loin pain, 
ileus and low grade pyrexia constitute the characteristic 
manifestations of  a symptomatic urinoma[7]. If  treatment 
is delayed, blood urea nitrogen and serum creatinine may 
rise due to re-absorption of  urine from the urinoma. 
The level of  creatinine in the urinoma fluid is 10 times 
higher than the creatinine level in the patient’s serum[8]. 

Ultrasonography, intravenous urogram and CECT have 
been used for confirmation of  the diagnosis. CECT can 
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Figure 1  Clinical photograph of the patient shows lump in right iliac fossa 
and diversion transverse colostomy.

Figure 2 Computed tomography imaging. A: Axial contrast enhanced com-
puted tomography (CT) of the abdomen shows a leak of contrast from the 
hydronephrotic right renal pelvis into the perinephric space (black arrow); B: CT 
coronal reconstruction shows a large retroperitoneal urinoma below the right 
kidney.
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identify the underlying cause, the location of  the breach 
in the urothelial lining, the dimension of  the collection 
and its relationship with the adjacent structures.

Asymptomatic, small and non expanding urinomas 
can be managed with close observation. Active manage-
ment of  urinomas includes decompression of  the kid-
neys by means of  a double J ureteral stent or percutane-
ous nephrostomy tube and prophylactic broad spectrum 
antibiotics[9]. Endoscopic placement of  a ureteral stent is 
difficult in patients with obstruction of  the lower ureter 
due to malignant infiltration. Percutaneous drainage of  
the urinoma should be considered if  it persists despite 
satisfactory diversion of  urine flow or if  the extravasated 
urine becomes infected. Percutaneous drainage of  the 
urinoma alone is unhelpful as the urinoma rapidly refills 
unless the primary pathology is tackled expeditiously. De-
lay in the management predisposes to the development 
of  complications like perinephric abscess, peritonitis, 
sepsis, urinary stricture and, rarely, obstructive nephropa-
thy and secondary hypertension due to compression on 
the upper urinary tract[10]. Correction of  the underlying 
pathology is of  paramount importance for the improved 
survival of  patients. Nephrostomy/a ureteric stent should 
be retained until the ureteric obstruction is relieved.

A recent development of  a loin swelling in a patient 
with a malignant pelvic growth should alert the clinician 
regarding the possibility of  spontaneous rupture of  the 
renal pelvis. Early confirmation of  diagnosis by imag-
ing and decompression of  the renal pelvicalyceal system 
helps to arrest a further downhill course of  patients.

COMMENTS
Case characteristics
A 29-year-old gentleman underwent a transverse colostomy for intestinal ob-
struction caused by advanced rectal carcinoma. On the 5th postoperative day, 
the patient developed a painful swelling on the right side of the abdomen.
Clinical diagnosis
Tender swelling in the right iliac fossa.
Differential diagnosis
Clinical examination and imaging methods can help to arrive at the diagnosis.
Imaging diagnosis
The contrast enhanced computed tomography of the abdomen revealed a right 

sided hydronephrosis, a large rent in the renal pelvis, and a large retroperito-
neal fluid collection on the right side.
Treatment
Ultrasound guided percutaneous nephrostomy and pigtail catheter drainage 
of the fluid collection was performed along with administration of intravenous 
antibiotics.
Experiences and lessons
A recent development of a loin swelling in a patient with a malignant pelvic 
growth should alert the clinician regarding the possibility of spontaneous rupture 
of the renal pelvis.
Peer review
This is a concise and clearly written case report which helps understanding of 
an unusual complication of malignant pelvic growth.
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Abstract
Reactive nodular fibrous pseudotumor (RNFP), which 
presents abdominal clinical manifestations and ma-
lignant radiographic results, usually requires radical 
resection as the treatment. However, RNFP has been 
recently described as an extremely rare benign post-
inflammatory lesion of a reactive nature, which typically 
arises from the sub-serosal layer of the digestive tract 
or within the surrounding mesentery in association with 
local injury or inflammation. In addition, a postopera-
tive diagnosis is necessary to differentiate it from the 
other reactive processes of the abdomen. Furthermore, 
RNFP shows a good prognosis without signs of recur-

rence or metastasis. A 16-year-old girl presented with 
a 3-mo history of epigastric discomfort, and auxiliary 
examinations suggested a malignant tumor originating 
from the stomach; postoperative pathology confirmed 
RNFP, and after a 2-year follow-up period, the patient 
did not display any signs of recurrence. This case high-
lights the importance of preoperative pathology for sur-
geons who may encounter similar cases.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Reactive nodular fibrous pseudotumor; 
Post-inflammatory lesion; Digestive tract; Mesentery; 
Good prognosis

Core tip: Our case report describes a rare benign tumor 
originating from the gastrointestinal tract. To date, this 
lesion has been reported in 20 cases worldwide. The 
most significant and important insights are that these 
diseases possess fairly good prognosis with opposite 
radiographic and clinical findings. Pathologically, reac-
tive nodular fibrous pseudotumor (RNFP) was recently 
described arising from the sub-serosal layer or within 
the surrounding mesentery. However, the veracity of 
the pathological examination results and the etiology 
are still controversial. We will describe the complete 
diagnostic and therapeutic process of a young girl with 
RNFP and will retrospectively analyze the previously 
reported cases, particularly the microscopic and immu-
nohistochemical characteristics.
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of an abdominal mass: Reactive nodular fibrous pseudotumor of 
the stomach encroaching on multiple abdominal organs. World 
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INTRODUCTION
Reactive nodular fibrous pseudotumor (RNFP) is a re-
cently reported lesion that may arise from the gastroin-
testinal tract or the mesentery. It was first described by 
Yantiss et al[1] in 2003. To date, 20 cases (8 cases in Czech 
Republic[2], 7 cases in the United States[1,3,4], 2 cases in 
France[5,6], and 1 case each in Australia[7], Turkey[8] and 
Italy[9]) have been reported in the literature. We described 
the first case in China. All the cases require surgical inter-
ventions with or without preoperative pathological exam-
inations because of  their typically malignant radiographic 
results. However, this lesion presents an encouraging 
prognosis during follow-up. Here we present a case in a 
young female patient.

CASE REPORT
A 16-year-old girl from Jiangxi Province with no surgical 
history or abdominal injury history presented to a local 
medical institution with an approximately 3-mo history of  
progressive epigastric discomfort. Gastroscopy suggested 
a highly suspicious malignant tumor of  the gastric cardia 
and fundus, chronic erythematosus exudative antral gas-
tritis and a duodenal bulbar ulcer. For further treatment, 
the patient was admitted to our hospital. Her abdominal 
examination revealed light tenderness in the epigastric 
region. A computed tomography (CT) scan showed a 
mass (5.8 cm × 3.8 cm × 7.9 cm) in the lesser curvature 
of  the fundus attached to the left adrenal gland with 
obscure boundaries, and gastrointestinal stromal tumor 
(GIST) was suspected (Figure 1). Gastroscopy revealed 
a protruding lesion on the back wall of  the gastric cardia 
and fundus with a coarse surface, and an approximately 
1.0 cm × 1.0 cm ulcer was located in the middle of  the le-
sion (Figure 2). Gastroscopic pathological biopsy findings 
demonstrated an ulcer-forming chronic gastritis without 
evidence of  carcinoma (Figure 3); immunohistochemi-
cally, the biopsy specimen was positive for CK and M-CEA 
in the glandular epithelium, positive for CD31 and CD34 
in the vascular endothelium, and positive for CD3 and 
L26 in the small lymphocytes. Therefore, lymphoma and 
gastric cancer were excluded (Figure 4), and additional 
immunohistochemical diagnostic evidence was needed 
to differentiate GIST from other differential diagnoses 
(Figure 5). Further gastroscopic ultrasonography showed 
an immense mass (approximately 4.8 cm × 3.1 cm) that 
did not penetrate the serosa with an uneven hypoechoic 
appearance and blood flow on the back wall of  the lesser 
curvature of  the fundus. Approximately 6-7 lymph nodes 
were found next to the mass, and the largest one was 0.6 
cm in size. Based on these findings, the patient was sent 
to the operating room with a presumptive diagnosis of  
malignant tumor of  the fundus (GIST). Upon exploratory 
laparotomy, a small nodule (1.0 cm × 1.0 cm) in the lesser 
omentum was detected, and the main mass (approximately 
8.0 cm × 6.0 cm × 5.0 cm) was located in the lesser curva-
ture of  the gastric cardia and fundus transmurally infiltrat-
ing the stomach and encroaching on the pancreatic body 

and tail, spleen, and left adrenal gland; several swollen per-
igastric lymph nodes were also visible. Based on the above 
findings, a total resection of  the stomach, pancreatic body 
and tail, spleen, and left adrenal gland was performed. 
An esophagojejunal Roux-en-Y anastomosis was used to 
reconstruct the digestive tract. Postoperative pathologic 
evaluation revealed a mass (approximately 8.0 cm × 6.0 
cm) with a coarse surface transmurally infiltrating the 
stomach. The gross gastric specimen (15.0 cm × 11.0 cm 
× 5.0 cm in size) revealed a small depressed region 2.0 cm 
in size below the main mass. Microscopically, ulcers were 
detected on the mucosa; the sub-mucosa was composed 
of  mature spindle cells embedded in a dense collagenic 
hyalinized stroma containing abundant infiltrative lympho-
cytes, plasmocytes, and hyperplastic lymphoid follicles. No 
mitosis, necrosis, or nuclear atypia was identified. Other 
sections including the pancreatic body and tail, spleen, 
and left adrenal gland and lymph nodes did not reveal any 
carcinoma tissue, and the staple line also appeared to be 
microscopically free of  tumor. The immunohistochemis-
try findings of  the spindle cells were as follows: actin fo-
cally (+), CD34 focally (+), CD117 (-), S-100 (-), desmin 
(-), DOG-1 (-), PDGFR (-), Ki-67 approximately 2% (+); 
the immunohistochemistry findings of  the lymphocytes 
were as follows: CD3 (+), L26 (+). Combining the Hema-
toxylin Eosin (HE) stain and immunohistochemistry, the 
lesion was diagnosed as RNFP (Figure 6). Postoperatively, 
the patient’s laboratory evaluation revealed elevated white 
blood cells and platelets. Accordingly, antibiotics, dipyri-
damole, and bayaspirin were administered as symptomatic 
treatment. The patient did well after these interventions 
and was discharged from the hospital on postoperative 
day 11. Then, 10 mo later, a follow-up CT scan examina-
tion was clear of  signs of  recurrence and metastatic dis-
ease (Figure 7). After more than 2 years of  follow-up, the 
patient did not complain of  any discomfort and no signs 
of  recurrence have been found.

HE stained 4-mm slides were cut from paraffin em-
bedded tissue that was processed with 10% buffered 
formalin. A panel of  antibodies (Table 1) was used to 
evaluate the tumors for the presence of  smooth muscle, 
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  Antibody Dilution Source Antigen retrieval

  CK 0.181 Dako Heat
  Actin 0.181 Dako Heat
  CD34 Working solution Novocastra Heat
  CD117 0.181 Dako Heat
  S-100 0.736 Novocastra Heat
  Desmin Working solution Zsjqbio Heat
  DOG-1 0.389 Zsjqbio Heat
  PDGFR 0.181 SANTA CRUI Heat
  Ki-67 0.181 Zsjqbio Heat
  CD3 Working solution Zsjqbio Heat
  L26 0.736 Dako Heat
  ALK 0.111 Dako Heat
  β-Catenin 0.181 Maixinbio Heat
  CD31 Working solution Novocastra Heat
  M-CEA Working solution Novocastra Heat

Table 1  Antibodies and dilutions used in the evaluation of 
reactive nodular fibrous pseudotumor



fibroblasts, myofibroblasts, glandular epithelium, vascu-
lar endothelium and lymphocytic classification. Several 
pivotal markers expressed in GISTs (CD117, CD34, 
DOG-1, PDGFR) and inflammatory myofibroblastic 
tumors [anaplastic lymphoma kinase (ALK)] were used as 
well.

DISCUSSION
The first 5 RNFP cases were reported in adults by Yantiss 
et al[1]. The original pathological description was consid-
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Figure 1  A computed tomography scan showing a mass (5.8 cm × 3.8 cm × 7.9 cm) in the lesser curvature of the fundus attached to the left adrenal gland 
with obscure boundaries (white arrows).

Figure 2  Gastroscopy revealing a protruding lesion on the back wall of the 
gastric cardia and fundus with a coarse surface, and an approximately 1.0 
cm × 1.0 cm ulcer was located in the middle of the lesion (black arrow).

Figure 3  Gastroscopic pathological biopsy findings (Hematoxylin eosin 
stain) demonstrating an ulcer-forming chronic gastritis without evidence 
of carcinoma. [Magnification: A (10 × 10); B (10 × 20)].

A

B
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duodenal gastrinoma 1 year before the development of  
this tumor-like mass. The fifth patient’s surgical history 
included a cholecystectomy some years prior for chole-
cystitis and an operation in 2001 for a strangulated her-
nia[7]. A significant abdominal medical history was noted 
in 9 cases (42.9%), including the following: a peptic ulcer 
in 3 cases (containing our case); a perforated duodenal di-
verticulum in a 32-year-old man; endometriosis together 
with ergotamine use for migraine in a 28-year-old wom-
an; chronic bowel obstruction complicated by an external 
fistula in a 30-year-old woman; ileus caused by a tumor 
of  the ileum in a 22-year-old man; and ingestion of  a 
foreign body in 2 cases (in one case, it was an iron pin, 
and in the other, it was a small abscess cavity containing 
foreign bodies). Hence, in 14 patients (66.7%), a medical 
or surgical abdominal history appears to play a vital role 
in the development of  RNFP.

In 2004, Daum et al[2] first suggested that RFNP 
originated from multipotent subserosal progenitor cells 
rather than myofibroblasts; therefore, some scholars had 
addressed the importance of  investigating a patient’s 
past abdominal surgery and medical history because such 
conditions could more or less trigger the occurrence of  
these lesions’ and illustrated its reactive nature. The gen-
eral findings were that these lesions represented an exu-
berant inflammatory response rather than a true tumor. 
However, our case was similar to the minority of  RNFPs 
without a previous abdominal surgery or injury.

RNFP presented with multiple masses or, a bit more 
frequently, as a single mass (13 cases, 61.9%). All of  the 

ered a landmark in the short history of  this disease. More 
recent cases have been reported, and our case represents 
the 21st report of  this lesion worldwide in the English lit-
erature.

The adult population appears to be the main target in 
terms of  the age distribution. A total of  18 adult cases 
(85.7%, age range, 22-72 years) have been reported com-
pared to 1 case in a 1-year-old boy, 2 cases in a 13-year-
old girl and our case of  a 16-year-old girl. The average 
age is 46.1 years old (male: 49.6; female: 39.1). The sexual 
distribution ratio is 2:1 (male to female) consisting of  14 
males (66.7%) and 7 females (33.3%). Unquestionably, 
males are more predisposed to this disease. The leading 
clinical characteristics can be summarized as follows: 11 
patients including our case presented with abdominal 
symptoms, among which 4 patients had acute abdominal 
pain while 3 had chronic abdominal discomfort. Past 
medical history revealed that 5 patients (23.8%) had a his-
tory of  abdominal surgery. One patient had undergone 
a left hemicolectomy 17 years previously for stage pT-
3N0MO-ⅡA colon cancer according to the 7th American 
Joint Committee on Cancer[9]. Yantiss et al[1] reported a 
patient with a history of  alcoholism and recurrent pan-
creatitis, complicated by necrotizing pancreatitis, which 
required multiple surgical debridements. Another patient 
had a history of  MEN-1 syndrome and multiple abdomi-
nal surgeries, including resections of  an endocrine tumor 
of  the pancreatic tail and an adrenal adenoma 23 and 21 
years previously, respectively; one patient had a history 
of  a laparoscopic cholecystectomy and resection of  a 

A B C

D E F

Figure 4  Immunohistochemistry of gastroscopic pathological biopsy. A: Glandular epithelium CK (+); B: Glandular epithelium M-CEA (+); C: Vascular endothe-
lium CD31 (+); D: Vascular endothelium CD34 (+); E: Small lymphocyte CD3 (+); F: Small lymphocyte L26 (+). Magnification: 10 × 20.
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cases underwent complete resections (18 cases, 85.7%) 
except 3 cases in which incomplete resections were per-
formed because of  too many masses or nodules. One 
patient was a 71-year-old man with multiple hepatic de-
posits[9], and in a 28-year-old woman, numerous nodules 
presenting on the surface of  the ovaries, appendix, the 
bowel mesentery, the abdominal peritoneal wall, and 
the omentum were detected[8]. The anatomic site of  the 
main lesions most commonly involved the colon with 
the appendix (7 patients) followed by the mesentery and 
the small bowel (especially the terminal ileum) (7 cases 
each), omentum (2 cases), the peritoneal wall (3 cases), 
the hepatic capsule, the gastric wall, and the peripancreas 
(1 case each). Our case was the first to be diagnosed as 
RNFP transmurally infiltrating the stomach, encroaching 
on the pancreatic body and tail, the spleen, and the left 
adrenal gland. Commonly, RNFP lesions are depicted as 
firm and of  light colors from whitish to tan or gray; rare-
ly, calcifications are present in the lesions (3 cases, 14.3%) 

(Table 2).
Microscopically, all of  the lesions shared the same 

feature consisting of  a paucicellular proliferation of  
spindle or stellate cells embedded in a hyalinized matrix 
and sometimes surrounded by inflammatory cells (mostly 
in the form of  mononuclear lymphoid cells) or lymphoid 
aggregates. If  a lesion contains foreign bodies, dispersed 
giant cell granulomas are observed. Characteristically, the 
lesions do not show mitosis, necrosis, or nuclear atypia.

Ultra-structural examination of  3 cases by Daum 
et al[2] revealed spindle or stellate-shaped cells with rare 
intercellular junctions and irregular nuclei, prominent 
rough endoplasmic reticulum, sparse pinocytic vesicles, 
bundles of  microfilaments attached to dense bodies, and 
focal investment by external lamina. These features were 
typical of  myofibroblastic differentiation. In addition, 
genetic investigations revealed no substitutions, dele-
tions, or insertions occurring in exon 11 of  the c-kit in 7 
specimens. Likewise, no deletions or insertions in part of  

Figure 5  More immunohistochemistry of endoscopic pathological biopsy. A: Anaplastic lymphoma kinase (+); B: β-catenin (+); C: Desmin (-); D: Actin (+); E: 
CD117 (-); F: DOG-1 (-); G: S-100 (-). Magnification: 10 × 20.
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exon 9 were observed. As above, ultra-structural analysis 
was performed by Yantiss et al[1] in 1 case, and the spindle 
or stellate-shaped cells were shown to contain abundant 
rough endoplasmic reticulum, aggregates of  filaments 
associating with dense bodies, which are characteristic of  
fibroblastic and myofibroblastic differentiation.

Immunohistochemical staining demonstrated that all 
of  the lesions stained positively for vimentin, (17/18) 
SMA, (8/15) CK, (10/13) MSA, except 4 cases that 

stained positively for CD117 reported by Yantiss et al[1] 
and 1 case reported by Chatelain et al[5]; most cases are 
negative for CD117. The vast majority of  the lesions 
stained negatively for desmin, CD34, S-100 protein, and 
anaplastic lymphoma kinase-1. The immunohistochemi-
cal features of  our case showed actin focally (+), CD34 
focally (+), CD117 (-), S-100 (-), desmin (-), DOG-1 (-), 
PDGFR (-), Ki-67 approximately 2% (+). Thus, based on 
these observations, our case is consistent with a diagnosis 

A B C

E FD

G H I

J K L

M N

Figure 6  Hematoxylin Eosin stain. A-D: Microscopically, sub-mucosa composing of mature spindle cells embedded in a dense collagenic hyalinized stroma contain-
ing aboundant infiltrative lymphocytes, plasmocytes, and hyperplastic lymphoid follicles with incomplete capsule. No mitosis, necrosis, or nuclear atypia was identified; 
E-N: Immunohistochemistry, spindle cells: E: Actin focally (+); F: CD34 focally (+); G: CD117 (-); H: S-100 (-); I: desmin (-); J: DOG-1 (-); K: PDGFR (-); L: Ki-67 ap-
proximately 2% (+); lymphocytes: M: CD3 (+); N: L26 (+). Magnification: A (10 × 10); B, D-N (10 × 20); C (10 × 40).
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  Ref. Number of lesion Size of main lesion (cm) Morphology Method of resection Site of main lesion

  2Yantiss et al[1] Multiple 6.5 in diameter Firm, tan-white Complete resection Mesentery of small intestine
Single 4.3 in diameter Ditto Complete resection Peripancreas

Multiple 5.5 in diameter Ditto Complete resection Mesentery of small 
intestine and large bowel

Multiple 6.5 in diameter Ditto Incomplete resection Mesentery of small intestine
Single 2.8 in diameter Ditto Complete resection Mesentery of large bowel

  3Daum et al[2] Single 3.0 in diameter 1 Complete resection Small intestine
Single 1 White fibrous, containing

an iron pin
Complete resection Large bowel

Single 3.0 × 3.0 Fibrous Complete resection Large bowel
Single 10.0 in diameter Containing a coprolith Complete resection Large bowel
Single 8.0 × 3.0 1 Complete resection Small intestine
Single 8.0 in diameter Yellow-white, elastic Complete resection Subserosa and mesentery 

of large bowel
Single 4.0 × 7.0 × 2.0 Hard fibrous, containing

minute calcifications
Complete resection Small intestine

Single 3.0 × 4.0 × 6.0 A small abscess cavity 
containing foreign bodies

Complete resection Subserosa of large bowel 

  Chatelain et al[5] Single 9.0 in diameter Firm, white Complete resection Mesentery of large bowel
  Zardawi et al[7] Multiple 0.5 × 2.2 Firm, white, containing two 

gray cord-like structures
Complete resection Small intestine and the 

omentum
  Saglam et al[8] Multiple 0.6-6.0 in diameter Firm, tan to white Incomplete resection The pelvic and 

abdominal peritoneum
  Gauchotte et al[6] Multiple 1.9-2.2 in diameter Firm, grayish white Complete resection Stomach
  Yin et al[3] Single 2.0-3.0 in diameter4 Tan, white, containing

calcifications
Complete resection Mesentery of small intestine

  Virgilio et al[9] Multiple 6.0 × 4.0 × 3.0 Firm, white, containing
calcifications

Incomplete resection Small intestine, 
hepatic capsule the 
left paracolic gutter 

  McAteer et al[4] Single 8.8 × 3.8 × 2.0 Firm, tan-gray Complete resection Mesentery of small intestine

Table 2  Gross anatomopathological characteristic of reactive nodular fibrous pseudotumor reported previously

1No mention in the above articles; 2Containing 5 patients; 3Containing 8 patients; 4The data from computed tomography scan.

Figure 7  Follow-up abdominal computed tomography scan after 10 mo showing no signs of recurrence and metastatic disease.
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of  RNFP (Table 3).
Importantly, RNFP must be distinguished from the 

other reactive processes of  the abdomen [such as calcify-
ing fibrous pseudotumor, Vanek’s tumor, retroperito-
neal fibrosis, sclerosing mesenteritis, nodular fascitis, 
intra-abdominal fibromatosis] and more aggressive 
mesenchymal tumors, such as GIST, intraabdominal in-
flammatory myofibroblastic tumors, and inflammatory fi-
brosarcoma; such a differentiation may have strict require-
ment for pathologists.

Of  the 21 patients, almost all cases underwent com-
plete resections (18 cases, 85.7%); incomplete resections 
were performed in 3 cases because of  too many masses 
or nodules. Surgical resection is currently the definitive 
method in these patients, and no chemotherapy treat-
ment has been reported. Follow-up of  11 patients was 
available, without signs of  recurrence and metastasis re-
gardless of  the modus operandi (Table 4).

COMMENTS
Case characteristics
A 16-year-old girl presented to the hospital with an approximately 3-mo history 
of progressive epigastric discomfort.
Clinical diagnosis
Approximately 3-mo history of progressive epigastric discomfort.
Differential diagnosis
Gastric cancer, colon cancer, acute pancreatitis.
Laboratory diagnosis
Laboratory tests were within normal limits.
Imaging diagnosis
A computed tomography scan showed a mass (5.8 cm × 3.8 cm × 7.9 cm) in 
the lesser curvature of the fundus attached to the left adrenal gland with ob-
scure boundaries.
Pathological diagnosis
Gastroscopic pathological biopsy demonstrated chronic ulcer-forming gastritis 
without evidence of carcinoma; immunohistochemically, the biopsy specimen 
was positive for CK and M-CEA in the glandular epithelium, positive for CD31 
and CD34 in the vascular endothelium, and positive for CD3 and L26 in small 
lymphocytes, therefore, lymphoma and gastric cancer were excluded.
Treatment
A total resection of the stomach, pancreatic body and tail, spleen, and left adre-
nal gland was performed, and an esophagojejunal Roux-en-Y anastomosis was 
performed to reconstruct the digestive tract.
Related reports
The lesion is not very well understood and did not have predictive biomarkers 
to indicate reactive nodular fibrous pseudotumor.

Term explanation 
Actin, CD34, CD117, S-100, desmin, DOG-1, PDGFR, CD3 and L26 are immu-
nohistochemical methods that are used for differentiating other tumors.
Experiences and lessons
In the future, more microscopic and immunohistochemical methods should be 
developed, and more molecular level studies of these lesions to elucidate the 
etiology are needed.
Peer review
This case presented in this article is well documented and interesting as it de-
scribes a rare pathology.
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Abstract
Nutrient deficiencies are prevalent worldwide. Diseases 
and morbid conditions have been described to result 
from nutritional deficiencies. It is essential to address 
nutrient deficiencies as these may lead to chronic long-
term health problems such as rickets, iron deficiency 
anemia, goiter, obesity, coronary heart disease, type 
2 diabetes, stroke, cancer and osteoporosis. In the 
present review we surveyed the extent and severity 
of nutritional deficiencies in Israel through a selective 
and comprehensive Medline review of previous reports 
and studies performed during the last 40 years. Israeli 
populations have multiple nutritional deficiencies, in-
cluding iron, calcium, zinc, folic acid, and vitamins B12, 
C, D and E, spanning all age groups, several minorities, 
and specific regions. In Israel, some of the nutrients 
are mandatorily implemented and many of them are 
implemented voluntarily by local industries. We suggest 
ways to prevent and treat the nutritional deficiencies, 
as a step to promote food fortification in Israel.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nutrient deficiencies; Type 2 diabetes; 
Obesity; Israel

Core tip: In view of the wide nutritional deficiencies in 
Israel, we encourage local health, education and indus-
trial ministries to expand efforts to study and document 
those deficiencies with the vision of fortifying basic 
commonly used foods in order to fight the deficiencies 
and prevent their occurrence in the future.

Haimi M, Lerner A. Nutritional deficiencies in the pediatric age 
group in a multicultural developed country, Israel. World J Clin 
Cases 2014; 2(5): 120-125  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i5/120.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i5.120

INTRODUCTION
Despite some reductions in world income-related poverty 
in recent years, malnutrition remains widespread. Nutri-
ent deficiencies of  iron, vitamin A, folic acid and zinc 
are prevalent worldwide, especially in children from low 
income areas[1].

The lack of  sufficient amounts of  micronutrients 
affects health, function, and physical and cognitive devel-
opment throughout the life cycle[1-4]. Many diseases and 
morbid conditions have been described to result from 
nutritional deficiencies. These include developmental 
defects, such as birth defects, physical and cognitive de-
velopment delays, increased risk of  infectious diseases, 
as well as increased risk of  poor health in adulthood. Al-
most two-thirds of  deaths of  young children around the 
world are related to nutritional deficiencies[5-7].

The discovery of  essential nutrients and their roles 
in disease prevention has been instrumental in reducing 
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nutritional deficiency diseases such as goiter, rickets, pel-
lagra and others in many places such as the United States, 
Canada, European countries and third world regions. In 
Israel, a state of  massive immigration, where a substantial 
part of  the population lives below the poverty line, there 
is a relatively high percentage of  unemployment, and also 
aging of  the population. These aspects contribute to the 
relatively high prevalence of  essential nutrient deficien-
cies in various parts of  the Israeli population, including 
iron-deficiency anemia, goiter and vitamin D deficien-
cy[8-11]. Low vitamin B12 levels, low folic acid levels and 
consequently high homocysteine levels, and increased risk 
of  coronary heart disease have also been observed in the 
Israeli population[12,13]. The regulatory authorities in Israel 
have been planning to implement food fortification for 
many years. Few of  the nutrients are mandatorily imple-
mented, and many are implemented voluntarily by local 
industries.

The goal of  the present review was to survey the se-
verity of  nutritional deficiencies in Israel, and to suggest 
ways to prevent and treat this problem. Our hypothesis 
is that, in view of  the special characteristics of  Israel, 
despite being a developed country, with massive immi-
gration, poverty and low social conditions, a high rate of  
nutritional deficiencies exist.

The present review is also aimed to summarize the 
subject, as a step to promote food fortification in Israel.

RESEARCH
The extent and severity of  nutritional deficiencies in Isra-
el were reviewed through a selective and targeted Medline 
survey of  previous reports and studies performed during 
the last 40 years.

The key words for the Medline search were combina-
tions of  the words: children, pediatrics, Israel, nutrients, 
nutrition, deficiency, fortification, as well as of  specific 
nutrients such as iron, vitamins A, B, C, D, E, B12, Folic 
acid, calcium, phosphorus, magnesium, zinc and iodine.

NUTRITIONAL DEFICIENCIES IN THE 
MODERN WORLD: CAUSES AND 
OUTCOME
The food consumption habits of  the children changed 
during the last few decades, and they now consume 
too much fat, especially saturated fats, and sweetened 
beverages. They do not eat enough fruits or vegetables 
and consequently do not consume enough fiber. Most 
schoolchildren of  low socioeconomic families consume 
less milk, cheese, meet, vegetables and fruits. Only a fifth 
of  children consume the recommended daily amount 
of  fruits and vegetables[5-8]. The calcium and iron intake 
among children is also low. One of  the main reasons for 
the pediatric pandemia of  obesity is the consumption of  
large amounts of  soft drinks rich in sugar, accompanied 
by a lack of  physical activity. It is essential to address nu-
trient and activity deficiencies as these may lead to chron-

ic long-term health problems, such as obesity, coronary 
heart disease, type 2 diabetes, stroke, cancer, and osteo-
porosis. It is well documented that overweight children 
are more likely to become obese adults[1-3,5]. The most 
common nutrient deficiencies among school children are: 
calcium, fiber, folate, iron, magnesium, potassium and 
vitamin E. It has been reported that the 2 most common 
deficiencies seen in generally healthy children are iron and 
vitamin D deficiencies[3]. Classical nutrient deficiencies 
lead to stunting (energy, protein and zinc), rickets (vitamin 
D) and other bone abnormalities (copper, zinc, vitamin 
C)[7,8]. Iron deficiency anemia, as a public health problem, 
has been well recognized in recent years in developing 
countries and even in developed ones, and has received 
considerable attention by the World Health Organiza-
tion (WHO)[2,8]. Vitamin D deficiency and osteoporosis 
are common in northern climates, but even in sunny 
countries such as Israel, Australia and southern Europe. 
It is especially common among the elderly, veiled, dark 
skinned, and other at-risk population groups, who are 
also regularly warned to avoid sunlight to prevent skin 
cancers[7-9,11].

The prevalence of  endemic goiter and other iodine 
deficiencies has been reduced since the use of  iodination 
of  salt[8]. MacDonald[14] has reported that zinc deficiency 
in animals is characterized by growth inhibition and de-
creased food intake. Liu et al[15] indicated that malnutri-
tion predisposes to neurocognitive deficits, which in turn 
predispose to persistent externalizing behavior problems 
throughout childhood and adolescence. Their findings 
suggest that reducing early malnutrition may help reduce 
later antisocial and aggressive behavior.

NUTRITIONAL DEFICIENCIES IN ISRAEL
In Israel, nutritional deficiencies have been documented 
throughout the last years in many reports.

Deficiencies in special ethnic minorities
In the Bedouin population[16-29], short stature, iron defi-
ciency, vitamin A deficiency (15%-26% of  infants), B12 
deficiency, and vitamin E deficiency have been reported. 
In Ethiopians living in Israel, there are several reports of  
vitamin D deficiency and rickets[30,31].

Regional deficiencies
There were several reports on nutritional deficiencies 
in specific regions in Israel, including iron deficiency in 
children from central regions such as Hadera[32]; iron defi-
ciency in Jewish children from a new immigrant town[33]; 
anemia in Jewish and Arab children from Akko[34]; iron 
deficiency anemia in infants from southern Israel[35]; and 
iron and folate deficiencies in children from a city in the 
North of  Israel (Kyriat-Shmona)[36].

Special populations have demonstrated specific 
nutritional deficiencies
In adolescents, several deficiencies were reported, includ-
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ing iron deficiency (especially in athletes)[37], and deficien-
cies in vitamin D[9,38,39], calcium, phosphor, magnesium 
and zinc[40]. Toddlers and adolescents in Israel, as in other 
Western countries, are using “energy drinks”, which 
can cause nutritional deficiencies such as vitamin D and 
iron[41]. A study of  children from central Israel[42] re-
vealed a lack of  calcium in their food and decreased bone 
density. Children with overweight demonstrated iron 
deficiency[43] and vitamin B12 deficiency[44]. In bariatric 
surgery candidates, deficiencies in iron, folic acid, ferritin, 
B12, phosphor, calcium and vitamin D were reported[45].

In military recruits and in soldiers, iron deficiency[46,47], 
and low magnesium levels[48] were noted.

A high percentage of  the infant population in Israel 
has iron deficiency anemia[32,49-52]. It can badly affect their 
learning achievements and behavior[53].

In the vegetarian population, there was a lack of  calo-
ries and proteins, rickets, osteoporosis, B12 and B1 defi-
ciencies, iron and zinc deficiencies, and increased risk of  
infections[54-57]. A high incidence of  iron deficiency was 
noted in pregnant women[58,59]. Iron deficiency anemia 
was reported also in people with Helicobacter pylori (H. Py-
lori) gastritis[60]. Children with celiac disease had low bone 
mineral density. Their average serum vitamin D level was 
25.6 ng/L, suggestive of  osteopenia[10,61].

Specific deficiencies
Iron deficiency anemia has been extensively documented 
in Israel, especially in infants[8,33,35,49-52], adolescents[47], 
pregnant women[58], adults and the elderly[8].

Vitamin D deficiency is common in the Israeli popu-
lation. In 2009, 87% of  the adult population and 52% of  
the pediatric population had low vitamin D levels[11,62-65]. 
Rickets in infants is attributable to inadequate vitamin D 
intake and decreased exposure to sunlight. It seems that 
vitamin D leading to osteoporosis is common in the el-
derly even in sunny countries such as Israel[63]. Vitamin D 

deficiency is also associated with autoimmune diseases[64]. 
Orthodox mothers after delivery had low levels of  vita-
min D[66].

Vitamin B12 and folate deficiencies has been noted in 
Israeli children, especially as a result of  low intake of  veg-
etables[44,67]; 22% of  Ashkenazi Jews and 40% of  Gaucher 
patients in Israel were reported to have B12 deficiency[68]. 
In Beer Sheva, a city in the south of  Israel, 37% of  the 
population had B12 deficiency[69]. Recent reports by Kark 
et al[12] have shown high homocysteine levels among Israe-
lis, and despite vast reductions in mortality rates, the rates 
of  coronary heart disease are still very high. Folic acid, as 
an antagonist to homocysteine, is increasingly accepted as 
a major preventive factor in coronary heart disease[13].

Zinc deficiency was noted, among other nutrient defi-
ciencies, in anorexia nervosa patients in Israel[70,71]. Zinc 
deficiency was also reported in children[72], and in atten-
tion deficit hyperactivity disorder patients[73]. Table 1 
summarizes the nutritional deficiencies in Israel described 
in our study.

In summary, Israeli populations have multiple nutri-
tional deficiencies including iron, calcium, zinc, folic acid, 
and vitamins B12, C, D and E, spanning all age groups, 
several minorities, and specific regions. The most com-
mon nutritional deficiencies in the pediatric age group 
in Israel are iron and vitamin D. These deficiencies are 
mostly common in special populations, such as Bedouins, 
vegetarians, Ethiopians, obese children, pregnant women 
and their babies, gluten-sensitive populations, children 
with H. Pylori, children with behavioral problems and 
anorexia, diabetics, but deficiencies span the whole Israeli 
population.

FOOD FORTIFICATION
Fortification of  commonly eaten foods with micronutri-
ents offers a cost-effective solution that can reach large 
populations[74].

It is the responsibility of  public health authorities 
to ensure that the general population, and especially 
those under in poverty are assured of  an adequate basic 
daily intake of  minerals and vitamins. This can only be 
achieved through appropriate vitamin and mineral en-
richment of  basic foods. Food fortification can reach 
many people who either do not or cannot comply with 
the individual approach of  health education and healthy 
diet, due to its higher cost, or due to a lack of  knowledge 
or access[75,76]. The addition of  micronutrients to food for 
health reasons has been known for many years[8,77,78].

Food fortification was adopted in the United States 
during the 1920s and the 1930s, by enriching flour in 
order to eliminate pellagra in the southern states. In 
1942, a program to enrich flour with vitamins and iron 
was adopted by the United States government[76]. In the 
beginning it included enriching flour with vitamin B1 
(thiamin) to prevent beriberi, niacin to prevent pellagra, 
riboflavin for efficient use of  vitamin B6, and iron to 
prevent anemia. Later, it was decided to also add vitamin 
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Table 1  Summary of the main nutritional deficiencies in the 
Israeli population

Israeli sub-population Nutritional deficiency    Ref.

Bedouins Iron, vitamin A, vitamin B12, 
vitamin E

[16-29]

Ethiopians Vitamin D [30,31]
Specific regions Iron, folic acid, vitamin B12 [32,36,69]
Adolescents Iron, vitamin D, calcium, 

phosphor, magnesium, zinc
[9,38-40]

Toddlers Vitamin D, Iron, Calcium [41,42]
Overweight children Iron, vitamin B12, folic acid, 

phosphorus, calcium, vitamin D
[43-45]

Military recruits Iron, magnesium [46-48]
Infants Iron [32,49-53]
Vegetarians Vitamin D, vitamin B12, vitamin 

B1, iron, zinc
[54-57]

Pregnant women Iron [58,59]
Helicobacter pylori gastritis Iron [60]
Celiac disease patients Vitamin D [10,61]
Gaucher patients Vitamin B12 [68]
Anorexia nervosa patients Zinc [70,71]

Haimi M et al . Nutritional deficiencies in children



food insecurity among children.
The limitations of  our study are embedded in the 

methodology of  the literature search, since some pub-
lications could have been missed or were unavailable in 
Medline. There is also a possibility of  publication bias 
since negative or non-significant studies tend not to be 
published.

In summary, in view of  the wide nutritional deficien-
cies in Israel, we encourage local health, education and 
industrial ministries to expand efforts to study and docu-
ment these deficiencies with a view to fortifying basic 
commonly used foods in order to combat the deficiencies 
and prevent their occurrence in the future.
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mice have been used extensively because they develop 
spontaneous atherosclerosis. Furthermore, athero-
sclerotic lesions developed in this model depending 
on experimental design may resemble humans’ stable 
and unstable atherosclerotic lesions. This mouse model 
of hypercholesterolemia and atherosclerosis has been 
also used to investigate the impact of oxidative stress 
and inflammation on atherogenesis. Low density lipo-
protein (LDL)-r-KO mice are a model of human familial 
hypercholesterolemia. However, unlike apo E-KO mice, 
the LDL-r-KO mice do not develop spontaneous athero-
sclerosis. Both apo E-KO and LDL-r-KO mice have been 
employed to generate other relevant mouse models of 
cardiovascular disease through breeding strategies. In 
addition to mice, rabbits have been used extensively 
particularly to understand the mechanisms of choles-
terol-induced atherosclerosis. The present review paper 
details the characteristics of animal models that are 
used in atherosclerosis research.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This mini-review provides the essential infor-
mation obtained from a number of animal models in 
the field of cardiovascular research. Such information 
can help researchers design their studies for under-
standing the pathophysiology of atherosclerosis.
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Abstract
In this mini-review several commonly used animal 
models of atherosclerosis have been discussed. Among 
them, emphasis has been made on mice, rabbits, pigs 
and non-human primates. Although these animal mod-
els have played a significant role in our understanding 
of induction of atherosclerotic lesions, we still lack a 
reliable animal model for regression of the disease. 
Researchers have reported several genetically modi-
fied and transgenic animal models that replicate hu-
man atherosclerosis, however each of current animal 
models have some limitations. Among these animal 
models, the apolipoprotein (apo) E-knockout (KO) 
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morbidity worldwide[1]. Several modifiable and non-
modifiable risk factors have been identified for the dis-
ease. Many clinical and experimental attempts have been 
made to understand the pathophysiology of  the disease. 
Among them, a number of  animal models have been 
used for understanding the mechanisms involved in both 
induction and regression of  atherosclerotic lesions. It 
was first in 1908 that Ignatowski reported atherogenesis 
in a rabbit model[2]. Subsequent studies documented a 
significant relationship between elevated levels of  serum 
cholesterol and development of  atherosclerotic lesions 
in experimental animals[3-6]. That was the basis of  choles-
terol-feeding trials in experimental models of  atheroscle-
rosis. However, later a naturally defective rabbit model 
namely Watanabe Heritable Hyperlipidemic (WHHL) 
rabbits was discovered and used in most of  experimental 
settings[7-13]. Recent technology has allowed generation 
of  a number of  genetically-modified animal models in 
this field of  research.

Overall, one may think that an ideal animal model for 
studying human disease should possess several features 
including availability, affordability and close resemblance 
to human conditions. In particular, an optimal animal 
model of  atherosclerosis should develop various stages 
of  the disease including fatty streaks, accumulation of  
foam cells, vulnerable and stable plaques as well as rel-
evant complications such as calcification, ulceration, 
hemorrhage, plaque rapture, thrombosis and stenosis and 
the formation of  aneurysms. Efforts are being made to 
develop animal models that replicate human atheroscle-
rosis, however each of  current animal models have some 
limitations. In this paper, attempts have been made to 
summarize the important features of  the common animal 
models of  atherosclerosis.

MICE
The mouse has been used in medical research for de-
cades. Well-known genetic background, easy to breed 
and low cost of  maintenance are among advantages of  
this model. However, small size and some physiological 
characteristics may be considered as limiting factors. For 
example, the plasma lipoprotein profile in mice is very 
different from that in humans. The circulating cholesterol 
is mainly in high density lipoprotein (HDL) particles in 
the mouse, while it is in low density lipoprotein (LDL) 
particles in humans. This is probably the main reason 
that wild-type mice do not develop atherosclerosis, but 
humans do. One reason for this lipoprotein profile differ-
ences is the absence of  cholesterol-ester transfer protein 
(CETP) in the mouse[14]. Another difference between the 
mouse and the man is their response to dietary choles-
terol. The mouse does not absorb dietary cholesterol sig-
nificantly[15], while the man absorbs approximately 50% 
of  dietary cholesterol. This may also be seen as a limiting 
factor for cholesterol-induced atherogensis in wild-type 
mice (C57BL/6J).

To overcome these limitations, researchers have used 

DNA technology to generate a number of  genetically 
modified mouse models. It was in 1992 that the very first 
line of  such genetically modified mouse model was intro-
duced to our research community. Zhang et al[3] reported 
a successful deletion of  mouse apolipoprotein (apo) E 
gene. Further research led to generation of  other geneti-
cally modified mouse models suitable for studying human 
dyslipidemia and atherosclerosis. Among them, LDL 
receptor-knockout (KO)[16], hepatic lipase-KO[17], human 
apo B100 expression[18] and human CETP expression[19] 
can be named.

Of  these genetically modified mouse models, apo 
E-KO mice develop spontaneous atherosclerosis. This is 
associated with elevated levels of  circulating cholesterol-
rich very LDL (VLDL) particles. This feature makes this 
animal model to be very robust for both induction and 
prevention of  the disease. Several studies have reported 
that hypercholesterolemia and atherosclerosis can be pre-
vented by dietary plant sterols in this animal model[20-22]. 
Unlike apo E-KO mice, LDL-r-KO mice need dietary 
cholesterol to develop hypercholesterolemia and athero-
sclerosis[16,23]. Morphological features of  atherosclerotic 
lesions in apo E-KO and LDLr-KO mice are illustrated 
on Figure 1. Another mouse model which develops hy-
percholesterolemia and atherosclerosis on high fat/high 
cholesterol diets is apo E*3-Leiden transgenic mice[24-26]. 
Furthermore, a number of  breeding experiments have 
been carried out to generate additional mouse models of  
human dyslipidemia and atherosclerosis. For example, 
cross breeding of  human apo B100 transgenic mice with 
LDL receptor deficient mice produced a highly suscep-
tible strain (HuBTg+/+Ldlr-/-) with severe hypercholes-
terolemia and atherosclerosis[16]. Furthermore, Föger et 
al[19] reported that when human lecithin cholesterol acyl 
transferase (LCAT) transgenic mice were cross-bred 
with CETP transgenic mice they produce offspring with 
low total cholesterol levels and reduced atherosclerosis 
burden. Similarly, Lweis et al[27] generated apoE/GPx1 
double KO (ApoE-/- GPx1-/-), by cross breeding GPx1-
deficient mice with apo E-deficient mice. This model fea-
tures combined hyperlipidemia and hyperglycemia with 
increased oxidative stress. Chen et al[28] reported a mouse 
model that develops unstable/ruptured atherosclerotic 
plaques. They used surgical procedures to introduce a 
tandem stenosis in the carotid artery of  apo E-/- mice fed 
a high fat diet, in order to develop unstable plaques in 
these mice. Atherosclerosis is known to be an inflamma-
tory disease. We know that there are major differences in 
immune system between mice and humans[29]. This is an-
other reason for questioning the mouse model for study-
ing human atherosclerosis. Several inflammatory markers 
have been detected in both atherosclerotic plaques and 
in circulation of  subjects or animals with atherosclerosis. 
Several strategies have been implemented to understand 
the role of  inflammatory pathways in the progression 
of  the disease and its complications. One of  such ex-
perimental strategies was application of  bone marrow 
transplant. Ishibashi and colleagues used bone marrow 
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transplant procedures to produce apo E-KO mice with 
and without deficiency of  chemoattractant protein-1 re-
ceptor, CCR2[30]. Results from their studies suggest that 
CCR2 plays a crucial role in vascular inflammation and 
atherosclerosis. In another study, bone marrow trans-
plant procedures were used to investigate the effects of  
macrophage-derived apo E on atherogenesis in apo E-KO 
mice[31]. Transplantation of  bone marrow from wild-type 
mice to apo E-KO mice resulted in significant reductions 
in the formation of  atherosclerotic lesions in apo E-KO 
mice.

Although we have significantly advanced our knowl-
edge in understanding the process of  induction of  
atherosclerotic lesions using various mouse model, our 

knowledge on regression of  these lesions is still very lim-
ited. In an attempt to regress atherosclerotic lesions we 
used apo E-Ko mice. Over a 42-wk of  low-fat diet and 
diets enriched phytosterols, we were unable to regress 
atherosclerotic lesions in this animal model[32]. Similarly, 
literature search did not show any significant evidence 
for a successful regression of  advanced atherosclerotic 
lesions.

RABBITS
The rabbit has been used in many research facilities as 
an animal model of  diet induced atherosclerosis. This 
species shares several aspects of  lipoprotein metabolism 
with humans. These include composition of  apo B con-
taining lipoproteins[33], production of  apo B100 containing 
VLDL by the liver[34] plasma CETP activity[35], and high 
absorption rate of  dietary cholesterol[35]. However, the 
lack of  hepatic lipase makes the rabbit to be different 
from man[36]. Dietary approach is a common method to 
induce atherogenesis in rabbits. Under these conditions, 
the animals develop atherosclerotic lesions in the aor-
tic arch and thoracic aorta rather than abdominal aorta 
which is almost always affected in humans[36].

Two strains of  rabbits, namely WHHL and St. Thom-
as’ Hospital (STH) rabbits are naturally defective and 
relevant models for human hyperlipidemia[7-13,37-39]. The 
WHHL rabbits are deficient in LDL receptors and there-
fore resemble human familial hypercholesterolemia[7-13,37], 
while STH rabbits are used as a model for human hyper-
triglyceridemia and combined hyperlipidemia[38,39]. Recent 
advances in gene technology have allowed generation 
of  transgenic rabbits. For example, New Zealand White 
rabbits have been used to produce human apo B100 trans-
genic rabbits; these animals manifest combined hyperlip-
idemia with reduced HDL-cholesterol concentrations[33]. 
On the other hand, over expression of  human apo AI 
or human LCAT in rabbits was associated with elevated 
HDL-cholesterol levels and reduced atherosclerosis[34,35].

PIGS
Pigs have been used for induction of  coronary athero-
sclerosis by several different laboratories[40-42]. However, 
induction of  advanced atherosclerotic lesions required 
high levels of  dietary cholesterol (up to 4% w/w)[41,43,44]. 
A strain of  pigs has been discovered with three lipopro-
tein-associated mutations (designated Lpb5, Lpr1, and 
Lpu1) developing hypercholesterolemia and atheroscle-
rosis without dietary cholesterol[43,44]. In addition to coro-
nary arteries, iliac and femoral arties also develop athero-
sclerotic lesions which become complicated by 2 years of  
age[44].

NON-HUMAN PRIMATES
Spontaneous atherosclerosis has been reported in squir-
rel monkeys, baboons, wooly and spider monkeys[45]. 
Similar to humans, monkeys can be divided into “hyper-
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Figure 1  Representative photomicrographs taken at aortic root from 
apolipoprotein E-knockout (A), low density lipoprotein-r-knockout (B) and 
their wild-type background C57BL/6J (C) mice. A: Advanced atherosclerosis 
lesions in all 3 valves of the aortic root (arrow); these lesions are composed 
of numerous cholesterol clefts (curved arrows); B: Illustrating lipid-rich athero-
sclerotic lesions in the aortic root; the arrow head points to an atherosclerotic 
plaque primarily composed of apparent foam cells. No cholesterol cleft is visible 
in B; C: Demonstrating an atherosclerotic-lesion-free aortic root with normal-
looking vascular wall (arrow) with apparent intact elastic lamina and endothe-
lium. Trichrome staining; × 40.

A

B

C
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vary from each other in the location of  atherosclerotic 
lesions being developed in coronary arteries and abdom-
inal aorta, respectively[49].

OTHER ANIMAL MODELS
Dogs[50,51], hamsters[52,53], guinea pigs[54], and birds[55,56] have 
been also used in experimental atherosclerosis. However, 

responders” and “hypo-responders”[46,47]. Anatomical 
locations of  atherosclerotic lesions vary among different 
strains of  monkeys. For example, majority of  atheroscle-
rotic lesions are found in the anterior descending and 
circumflex branches of  the left coronary artery in rhesus 
monkeys, while cebus monkeys develop such lesions in 
their carotid bifurcation and coronary arteries[45,48]. The 
cynomolgus monkeys and African green monkeys also 
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Table 1  Animal models and their features

Model Features Ref.

Mice
   Apo E-/- mice Develops spontaneous atherosclerosis, associated with elevated levels of 

circulating cholesterol-rich VLDL particles
Zhang et al[3]

   LDL receptor deficient KO mice This model needs dietary cholesterol to develop hypercholesterolemia and 
atherosclerosis- associated with elevated levels of circulating cholesterol-rich LDL 
and VLDL particles

Sanan et al[16]

   Apo E*3-Leiden transgenic mice This model needs dietary cholesterol to develop hypercholesterolemia and 
atherosclerosis-associated with elevated levels of circulating cholesterol

Groot et al[24]

van Vlijmen et al[25]

   Hepatic lipase-KO mice This model lacks hepatic lipase and develops elevated levels of plasma cholesterol, 
phospholipids, and HDL cholesterol and can be used for the study of HDL 
metabolism.

Homanics et al[17]

   Human apo B100 transgenic mice This mouse model, associated with substantial increased level of LDL cholesterol 
level and useful for studying various aspects of lipoprotein metabolism and for 
further delineating the role of LDL in atherogenesis.

Greeve et al[18]

   Human CETP transgenic mice This  model has reported to have decreased HDL cholesterol levels with variable 
degree of atherosclerosis

Föger et al[19]

   Cross breeding of human apo B100 transgenic 
   mice with LDL receptor deficient mice

This model develops severe hypercholesterolemia and atherosclerosis Sanan et al[16]

   Cross breeding of human LCAT transgenic 
   mice with CETP transgenic mice.

A mouse model with low total cholesterol levels and reduced atherosclerosis 
burden.

Föger et al[19]

   Apo E/GPx1 double knockout 
   (apo E-/- GPx1-/-)
   Surgical model of apo E-/- mice

This model features combined hyperlipidemia and hyperglycemia with increased 
oxidative stress
A mouse model for studying unstable/ruptured atherosclerotic plaques

Lewis et al[27]

Chen et al[28]

   Animal model developed using bone 
   marrow technique

Apo E-KO mice model with and without deficiency of CCR2 Ishibashi et al[30]

Rabbits
   WHHL Naturally deficient in LDL receptors resembling human familial 

hypercholesterolemia
Watanabe[10]

   STH Rabbit model for human hypertriglyceridemia and combined hyperlipidemia Beaty et al[38]

   NZW-human apo B100 transgenic rabbits Transgenic animal model manifesting combined hyperlipidemia with reduced 
HDL-cholesterol concentrations

Fan et al[33]

   NZW-human apo AI or human LCAT
   transgenic rabbits

Rabbit model with elevated HDL-cholesterol levels and reduced atherosclerosis Duverger et al[34]

Pigs
   Lipoprotein-associated mutations 
   (designated Lpb5, Lpr1, and Lpu1)

This pig model develops hypercholesterolemia and atherosclerosis without dietary 
cholesterol. In addition to coronary arteries, iliac and femoral arties also develop 
atherosclerotic lesions which become complicated by 2 year of age.

Prescott et al[44]

Non-human primates
   Rhesus monkeys Develops spontaneous atherosclerosis. This animal model develops majority of 

atherosclerotic lesions in the anterior descending and circumflex branches of the 
left coronary artery

Carey[45]

   Cebus monkeys Develops spontaneous atherosclerosis. This animal model develops atherosclerotic 
lesions in their carotid bifurcation and coronary arteries

Carey[45]

   Cynomolgus monkeys and African 
   green monkeys

These monkeys develop spontaneous atherosclerosis. Atherosclerotic lesions being 
developed in coronary arteries and abdominal aorta, respectively

Hollander et al[49]

Others
   Dogs
   Hamsters
   Guinea pigs
   Birds

These animal models have significant amount of limitations that have not 
extensively used 

Geer et al[50]

Nistor et al[52]

Fernandez et al[54]

Wagner et al[56]

Apo E-/-: Apolipoprotein E deficient; KO: Knockout; VLDL: Very low density lipoprotein;  LDL: Low density lipoprotein; HDL: High density lipoprotein; 
CETP: Cholesterol-ester transfer protein; LCAT: Lecithin cholesterol acyl transferase; CCR2: Chemoattractant protein-1 receptor, CCR2; WHHL: Watanabe 
Heritable Hyperlipidemic; STH: St. Thomas’ Hospital; NZW: New Zealand White.
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these animals have shown a significant amount of  limita-
tions that has not allowed popularity for the use of  such 
animals extensively.

CONCLUSION
This mini-review aims to summarize the features of  the 
most commonly used animal models of  atherosclerosis. 
Despite many advances in medical research, we still do 
not have specific animal models for specific human con-
ditions. Every animal model has its own advantages and 
disadvantages. For example, while non-human-primates 
are the closest animals to humans, variability in lesion de-
velopment, high cost, availability, possible hazard, ethical 
issues and handling matters are among major limitations 
in the use of  these animals. Mice and rabbits also vary 
from humans in regard to lipoprotein metabolism and 
development of  atherosclerotic lesions. However, these 
species have been the most common animal models used 
so far. Among these species, either naturally defective 
animals such as WHHL and STH rabbits[7-13,37-39,57-59], or 
genetically modified mice have been used extensively 
in atherosclerosis research. In particular, LDL-r-KO 
mice[23,60], apo E-KO mice[61-63] , Cystathionine γ-lyase-KO 
mice[64] have contributed to our understanding of  the dis-
ease pathophysiology. Furthermore, surgical procedures 
and infectious agents have been also used in a number of  
animal models to study the postoperative injuries such as 
neointimal hyperplasia[65], atherosclerotic plaque instabil-
ity[28] or the role of  Chlamydophila pneumoniae[66,67] in 
disease development. The use of  these animal models 
has certainly advanced our knowledge of  the induction 
of  atherosclerotic lesions. However, there is no reliable 
animal model for regression of  atherosclerotic lesions. 
Further research and development is needed to generate 
such animal models. The list of  animal model and their 
characteristic are summarized in Table 1.
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Abstract
AIM: To evaluate endometrioma located at cesarean 
scatrix.

METHODS: Medical data of 6 patients who presented 
to our institution with abdominal wall endometrioma 
were evaluated retrospectively and reviewed literature 
in this case series. The diagnostic approaches and 
treatment is discussed.

RESULTS: All patients had a painful mass located at 
abdominal scars with history of cesarean section. The 
ages ranged from 31 to 34 and Doppler ultrasonogra-
phy (US) detected hypoechoic mass with a mean di-
ameter of 30 mm. Initial diagnosis was endometrioma 
in 4 and incisional hernia in 2 of 6 patients. Treatment 
was achieved with surgical excision in 5 patients, and 
one is followed by hormone suppression therapy with 
gonadotropin.

CONCLUSION: Malignant or benign tumors of abdom-
inal wall and incisional hernias should be kept in mind 
for diagnosis of endometrioma. Imaging methods like 
doppler US, computed tomography and magnetic reso-
nance imaging should be used for differential diagnosis. 
Definitive diagnosis can only be made histopathological-
ly. The treatment should be complete surgical excision 
and take care against intraoperative auto-inoculation of 
endometrial tissue in order to prevent recurrences.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This is a case series about endometrioma lo-
cated at cesarean scatrix. We present 6 patients who 
have painful abdominal mass of endometrioma. Medi-
cal data of 6 patients who admitted to our institution 
with abdominal wall endometrioma were evaluated re-
spectively in this study. The diagnostic approaches and 
treatment is discussed and recommended.
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INTRODUCTION
Endometriosis is defined as extrauterine localization of  
ectopic functional endometrial gland and stroma. Cystic 
or solid tumoral masses caused by endometriosis are 
named as endometrioma. Although this pathologic condi-
tion is mostly encountered in ligaments of  uterus, ovaries, 
Douglas pouch and pelvic peritoneum; endometriosis has 
also been reported in nose, breast, lung, spleen, gastro-
intestinal tractus, kidney, abdominal wall, but scar endo-
metrioma is extremely rare[1,2]. Endometriosis is seen in 
8%-15% of  young fertile women with regular menstrual 
cycles, and it’s frequency varies between 0.03%-1.08% on 
incision scar following gynecologic operations and cae-
sarean sections (C/S)[3-5]. Endometrioma is a disease with 
symptoms such as a cyclic painful mass. Endometrioma 
should be remembered in patients who have the history 
of  C/S and a painful mass on scar tissue and in whom 
both pain and mass size differ during menstrual period 
and imaging methods like doppler ultrasonography (US), 
computed tomography (CT), magnetic resonance imag-
ing (MRI) and fine needle aspiration cytology should be 
benefited for diagnosis.
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MATERIALS AND METHODS
This is a small case series and retrospective study on pa-
tients with abdominal wall C/S endometrioma. In this 
study, we presented clinical and laboratory findings of  
six consecutive patients with scar endometrioma (Figure 
1) who admitted to our departement between 2009 and 
2012 and reviewed the literature. There were 28 patients 
with incisional hernias and 36 benign abdominal wall 
tumors like lipomas, etc. in this period. Medical data of  
the patients were evaluated, and presented our experience 
with scar endometrioma consequently by this case series.

RESULTS
Routine hematological and biochemical examinations 
were done following medical history and physical exami-
nation of  patients who have a painful mass in their C/S 
site. Main complaint of  our cases on admission was a 
palpable mass on incision site and cyclic pain. Abdomi-
nal pain was non-cyclic unusually in one patient. As you 
seen in Table 1, all patients were in third decade and aged 
between 31-34 years. Parity was 1 in three and 2 in other 
three patients and all deliveries were C/S’s. While caesar-
ean incision was Pfannenstiel in 5 patients and there was 
a subumbilical midline incision in one. Duration between 
the last C/S and hospital admission varied between 2-7 
years and duration between emergence of  a painful mass 
on scar site and hospital admission varied between 6 mo 
and 4 years. There were not abdominal endometriosis 
and scar endometrioma in previous history. There were 
28 patients with incisional hernias and 36 benign ab-
dominal wall tumors like lipomas, etc. during three years 

period. Initial diagnosis were incisional hernia in four 
and endometrioma in two of  our six patients. Definite 
diagnosis was made by histopathological evaluation of  
excised materials. Prediagnosis was irreducible incisional 
hernia in 4 out of  6 patients (66.6%) and endometrioma 
in 2 patients (33.3%). There were four patients diagnosed 
in first five years after C/S, and two patients more than 
five years. Doppler US was done to make a definite di-
agnosis succesfully in five patients. Final diagnosis was 
made with USG and abdominal CT in one patient. The 
weight of  resected materials were min 48 g, max 70 g and 
ultrasonographical size of  the palpable mass in scar tissue 
varied between 2 to 5 cm (Table 1).

Treatment was achieved with complete surgical resec-
tion in 5 of  six patients. One patient did not accept surgi-
cal intervention and she was followed up with medical 
treatment by using hormone suppressor drugs. Painful 
scar endometrioma were excised with undamaged bor-
ders and without making endometrial tissue implantation 
into the neighboring tissue in five patients who accepted 
surgical treatment. The glandular structure of  endome-
trium and stroma were seen microscopically in fibrocol-
lagenous tissue and that the mass belonged to endome-
trioma (Figure 2).

DISCUSSION
Common use of  laparoscopy has enabled more frequent 
detection of  intraabdominal endometriosis. Dysmenor-
rhea, irregular menstrual cycles and infertility are the 
most common symptoms seen in endometriosis. A 
palpable mass on C/S incision site and a cyclic pain are 
pathognomonic in patients with endometrioma[2-6].
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Figure 1  Ultrasonographic view (A) and magnetic resonance imaging (B) of scar endometrioma.

Table 1  Medical data of patients who were diagnosed with scar endometrioma in caesarean sections site

Age, yr C/S Recurrent disease Years after C/S Interval to symptoms onset, yr Pain type Weight of lesion (g) Size (cm) Initial diagnosis

34 1 No 3 1 Cyclic 54 3 × 2 Incisional hernia
32 2 No 7 4 Non-cyclic 60 3 × 3 Incisional hernia
32 1 No 3 1/2 Cyclic 58 3 × 3 Incisional hernia
31 2 No 3 1 Cyclic 48 2 × 2 Incisional hernia
33 2 No 4 1 Cyclic 70 4 × 4 Endometrioma
31 1 No 6 2 Cyclic 62 3 × 5 Endometrioma

A B
Mass



Two different theories are available to explain endo-
metrioma development. According to the first hypothesis, 
multipotent mesenchymal cells differentiate to endome-
trial tissues in their site after puberty and show physio-
pathological changes, like proliferation, hemorrhage as 
response to hormonal functions. And second hypothesis; 
endometrial cells are transported to extrauterine areas in 
some instances and similarly endometrioma develops by 
being affected from hormonal changes[5]. Endometrioma 
development in C/S scar tissue on abdominal wall seems 
more consistent with the second hypothesis. An increase 
has been reported in endometrioma frequency in paral-
lel with the increase in number of  C/S in recent years[7,8]. 
Procedure responsible for endometrioma development 
on incision site is iatrogenic inoculation of  endometrial 
tissue into incision site[9]. Three of  our cases underwent 
one C/S, three cases twice C/S. Endometrioma usually 
emerges during a ten year period following C/S[10].

Scar endometrioma are not frequently met more than 
5 years after C/S, but we have two patients with relatively 
late diagnosed scar endometrioma in our series. Basic and 
the most commonly detected complaints of  the patients 
were a palpable mass in C/S scar tissue and cyclic pain[11]. 
These symptoms have begun within a 6 mo-4 year period 
following C/S operation. Abdominal pain or painfull 
mass were seen cyclic usually, but there were one patient 
with non-cyclic painfull endometrioma in our case series.

Definitive diagnosis of  endometrioma is not possible 
without histopathological examination. They are some 
published parameters on clinical and ultrasonographic 
findings for differential diagnosis of  abdominal wall 
endometrioma near cesarean section[12]. Lipomas , seba-
ceous cysts, hemangiomas and lymphangiomas, desmoid 
tumors among  common benign tumors of  abdominal 
wall[13,14]. It is recommended to keep in mind that these 
tumors may be a metastatic lesion arising from a malig-
nant focus and to make diagnosis of  endometrioma defi-
nite through US-guided fine needle aspiration cytology 
in patients who do not accept surgical treatment[5,12,13]. 
Imaging methods like doppler US, CT and MRI should 
absolutely be benefited for differential diagnosis of  sus-
pected masses. Definitive diagnosis can only be made 
histopathologically.

In a conclusion, the soft tissue tumors and endome-
trioma are probable diagnosis besides incisional hernia in 
patients who have a palpable mass on C/S scar following 
some obstetric and gynecologic interventions. A detailed 
medical history, physical examination findings and imag-
ing methods in suspected cases are significant diagnostic 
tools to investigate the features of  the pain and relation-
ship with menstrual cycle. Radical treatment should 
be complete surgical excision for patients who receive 
prediagnosis of  endometrioma and one should take care 
against intraoperative auto-inoculation of  endometrial 
tissue in order to prevent recurrences. Combined oral 
contraceptives, progestagens and hormone suppression 
therapy with gonadotropin releasing hormone analogues 
should be used for medical treatment of  patients who 
don’t want surgery and whose diagnosis of  endometrio-
ma was verified through fine needle aspiration cytology.
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Abstract
AIM: To systematically review the literature on the ef-
ficacy of noninvasive methods of arresting the progres-
sion of non-cavitated occlusal carious lesions in dentin.

METHODS: The Medline/PubMed, LILACS, SciELO and 
Scopus databases were searched to identify relevant 
publications through to November 2013. Only clinical 
trials evaluating the ability of noninvasive methods to 
arrest the progression of occlusal non-cavitated carious 
lesions in dentin were included. Screening, data extrac-
tion and quality assessment were conducted indepen-
dently and in duplicate.

RESULTS: Of 167 citations identified, nine full text 
articles were screened and five were included in the 
analysis. All papers reported on occlusal fissure sealing 
using a self-curing glass ionomer (n  = 1) or resin-based 
(n  = 4) sealant. Only the use of resin-based sealant to 
obliterate occlusal fissures arrested the progression of 
non-cavitated occlusal carious lesions in dentin.

CONCLUSION: Occlusal fissure sealing with a resin-

based sealant may arrest the progression of non-cavi-
tated occlusal dentinal caries. Further clinical trials with 
longer follow-up times should be performed to increase 
scientific evidence.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dentin; Dental caries; Fissure sealants; Pre-
ventive therapy; Dental restoration

Core tip: Occlusal fissure sealing with a resin-based 
sealant may arrest the progression of non-cavitated oc-
clusal dentinal caries.

Assunção IV, Costa GF, Borges BC. Systematic review of non-
invasive treatments to arrest dentin non-cavitated caries lesions. 
World J Clin Cases 2014; 2(5): 137-141  Available from: URL: 
http://www.wjgnet.com/2307-8960/full/v2/i5/137.htm  DOI: 
http://dx.doi.org/10.12998/wjcc.v2.i5.137

INTRODUCTION
Pit and fissure sealing is a noninvasive approach that has 
been used since the 1960s to prevent occlusal caries by 
providing a physical barrier that inhibits the accumulation 
of  microorganisms and food particles. The efficacy and 
clinical safety of  this preventive approach have been well 
established[1,2].

In restorative dentistry, the treatment of  carious le-
sions has been reviewed many times. Minimally invasive 
dentistry, the goal of  which is to preserve the greatest 
amount possible of  tooth structure, is intended to replace 
conventional procedures[1]. When an open cavity is diag-
nosed, the option of  restoration tends to be unquestion-
able. However, it should be noted that caries involving 
dentine may be present in non-cavitated lesions and that 
there may be a layer of  intact enamel[2].

The use of  pit and fissure sealant to seal fissures has 
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been investigated as a secondary preventive approach to 
the management of  non-cavitated occlusal carious lesions 
in dentin since it arrested their progression[3-7]. This non-
invasive method may replace the traditional restorative 
approach as it can be performed with a shorter chair time 
in the absence of  anesthesia. Moreover, it can conserve 
tooth structure by delaying intervention or minimizing 
the operative procedure[8]. Although several clinical tri-
als have examined this use of  pit and fissure sealants, a 
systematic analysis of  their results is needed to provide 
scientific evidence for its effectiveness as a secondary 
preventive approach. Thus, we systematically reviewed 
the literature on the efficacy of  noninvasive methods in 
arresting the progression of  non-cavitated occlusal cari-
ous lesions in dentin.

MATERIALS AND METHODS
Focused question
The focused question addressed in this review was: “Can 
noninvasive treatments arrest the progression of  non-
cavitated occlusal carious lesions in dentin?”.

Search strategy
The Medline/PubMed, LILACS, SciELO and Scopus 
databases were searched to identify relevant studies pub-
lished through to November 2013. The search strategy 
employed the following keywords related to the interven-
tion method, type of  carious lesion and outcome.

Intervention: “Sealing” or “fissure sealing” or “sealant” 
or “glass ionomer cement” or “nonoperative” or “non-
operative” or “noninvasive” or “non-invasive” or “non-
surgical” or “non-surgical”.

Type of  caries lesion: [(“dentin” or “dentinal”) and 
“caries”] and (“occlusal” or “pit and fissure” or “pits and 

fissures”) and (“non-cavitated” or “noncavitated”).

Outcome: “Progression” or “regression” or “arrest” or 
“arrested” or “arrestment” or “arresting”.

Inclusion and exclusion criteria
The selection was limited to clinical trials published in 
English that evaluated the efficacy of  any noninvasive 
approach in treating non-cavitated occlusal carious le-
sions in dentin. Review articles, in vitro studies and those 
reporting only on proximal carious lesions or those in 
enamel were excluded. Studies that evaluated cavitated le-
sions were also excluded.

Screening methods and data extraction
Two independent reviewers (Assunção IV and Costa 
GF) selected studies using a two stage screening process. 
In the first stage, titles and abstracts were screened to 
eliminate irrelevant articles and those that did not meet 
the inclusion criteria. In the second stage, the reviewers 
independently verified study eligibility after reading full 
texts and data extraction and quality assessment were 
performed for included studies. Disagreements about 
the inclusion or exclusion of  a study were resolved by 
consensus and, when necessary, consultation with a third 
reviewer (Borges BCD). In the analysis of  these included 
studies, the following questions were addressed: (1) Does 
pit and fissure sealing effectively arrest the progression 
of  non-cavitated occlusal carious lesions in dentin?; (2) 
Is the noninvasive treatment of  non-cavitated occlusal 
carious lesions in dentin effective in permanent and de-
ciduous teeth?; and (3) Which materials should clinicians 
use to seal pits and fissures in the management of  non-
cavitated occlusal carious lesions in dentin? What are the 
perspectives on the use of  alternative sealing materials 
and techniques?

RESULTS
The initial search identified 204 articles (156 articles in 
Medline/PubMed, 22 articles in LILACS, 8 articles in 
SciELO and 18 articles in Scopus). Thirty-seven dupli-
cate publications were excluded, leaving 167 potentially 
eligible articles. First stage screening of  titles and ab-
stracts identified nine articles that were qualified for full 
text screening. The second stage of  screening identified 
five articles that met the inclusion criteria (two studies 
evaluating cavitated lesions, one article reporting on an 
invasive treatment and one review article were excluded) 
(Figure 1).

The content of  selected studies is summarized in 
Table 1.

All five studies analyzed in this review were per-
formed on similar samples of  teeth with visually non-
cavitated occlusal lesions between the dentin-enamel 
junction and middle third of  dentin. The extent of  cari-
ous lesions was confirmed by bite-wing radiographic 
analysis. The similar samples allow precise comparison of  
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Total records selected based 
on title and abstract: (204) title

Records after removing
duplicates: (27) titles

Records selected based on
title and summary: (16) titles

Articles complete reviews within the
criteria for inclusion/exclusion: (7) titles

(2) excluded studies

Number of studies included: (5) securities

Reference records selected based
on title and abstract: (0) titles

Records selected based on 
title and abstract: (0) titles

Figure 1  Flow chart of studies through the review.



st
ud

y 
ou

tc
om

es
.

D
IS

C
U

S
S
IO

N
Do

es
 p

it 
an

d 
fis

su
re

 se
ali

ng
 ef

fe
ct

ive
ly 

ar
re

st
 th

e p
ro

gr
es

sio
n 

of
 n

on
-c

av
ita

te
d 

oc
clu

sa
l c

ar
io

us
 le

sio
ns

 in
 d

en
tin

?
Fo

ur
[3

-5
,7

]  o
f 

fiv
e 

st
ud

ie
s 

an
aly

ze
d 

re
po

rt
ed

 th
at

 s
ea

lin
g 

ar
re

st
ed

 th
e 

pr
og

re
ss

io
n 

of
 c

ar
io

us
 le

sio
ns

 w
he

n 
th

e 
se

ala
nt

 w
as

 in
ta

ct
 a

nd
 ti

gh
t. 

Th
es

e 
au

th
or

s 
us

ed
 o

nl
y 

re
sin

-b
as

ed
 fi

s-
su

re
 s

ea
lan

ts
 a

nd
 a

na
ly

ze
d 

ca
rie

s 
pr

og
re

ss
io

n 
by

 c
lin

ic
al 

an
d 

ra
di

og
ra

ph
ic

 e
xa

m
in

at
io

ns
. T

he
 b

lo
ck

ad
e 

of
 th

e 
nu

tri
tio

na
l s

up
pl

y 
by

 th
e 

m
ec

ha
ni

ca
l b

ar
rie

r 
cr

ea
te

d 
by

 th
e 

se
ala

nt
 

139 May 16, 2014|Volume 2|Issue 5|WJCC|www.wjgnet.com

Ta
bl

e 
1
  
Su

m
m

ar
y 

of
 s

tu
di

es
 in

cl
ud

ed
 in

 t
he

 a
na

ly
si
s

A
ut

ho
r/

yr
St

ud
y 

de
si
gn

Sa
m

pl
e 

ch
ar

ac
te

ri
st

ic
s

A
na

ly
ze

d 
va

ri
ab

le
s 

an
d 

Te
st

ed
 t

re
at

m
en

ts
Fo

llo
w

 u
p

R
es

ul
ts

/c
on

cl
us

io
ns

ev
al

ua
ti
on

 m
et

ho
ds

Bo
rg

es
 et

 a
l[3

]  
(2

01
0)

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

Si
xt

y 
pe

rm
an

en
t m

ol
ar

s 
in

 3
5 

in
di

vi
du

al
s 

(1
2–

19
.5

 y
ea

rs
 o

ld
) 

w
ith

 n
on

-c
av

ita
te

d 
ca

ri
ou

s 
le

si
on

s 
ra

di
og

ra
ph

ic
al

ly
 lo

ca
te

d 
be

tw
ee

n 
th

e 
de

nt
in

-e
na

m
el

 ju
nc

tio
n 

an
d 

m
id

dl
e 

th
ir

d 
of

 d
en

tin

C
ar

ie
s 

pr
og

re
ss

io
n 

an
d 

se
al

an
t l

os
s;

 c
lin

ic
al

 
an

d 
ra

di
og

ra
ph

ic
 

ex
am

in
at

io
ns

Ex
pe

ri
m

en
ta

l (
n 

= 
30

): 
or

al
 

hy
gi

en
e 

in
st

ru
ct

io
n 

an
d 

fis
su

re
 s

ea
lin

g 
(F

lu
or

sh
ie

ld
, 

D
en

ts
pl

y)
; c

on
tr

ol
 (n

 =
 3

0)
: o

ra
l 

hy
gi

en
e 

in
st

ru
ct

io
n 

4-
m

o 
in

te
rv

al
s 

fo
r 1

 
ye

ar
; c

on
tr

ol
 g

ro
up

 
w

as
 fo

llo
w

ed
 fo

r 
on

ly
 8

 m
o 

du
e 

to
 

si
gn

al
s 

of
 c

ar
ie

s 
pr

og
re

ss
io

n

Ei
gh

t t
ee

th
 (f

ou
r p

er
 g

ro
up

) w
er

e 
lo

st
 a

t 1
-y

ea
r f

ol
lo

w
 u

p.
 C

lin
ic

al
 a

nd
 

ra
di

og
ra

ph
ic

 c
ar

ie
s 

pr
og

re
ss

io
n 

w
as

 s
ig

ni
fic

an
tly

 m
or

e 
fr

eq
ue

nt
 in

 
co

nt
ro

l t
ha

n 
in

 e
xp

er
im

en
ta

l t
ee

th
. S

ea
la

nt
 lo

ss
 o

cc
ur

re
d 

in
 th

re
e 

ca
se

s 
an

d 
re

su
lte

d 
in

 c
ar

ie
s 

pr
og

re
ss

io
n.

 P
it 

an
d 

fis
su

re
 s

ea
la

nt
 e

ffe
ct

iv
el

y 
ar

re
st

ed
 c

ar
ie

s 
pr

og
re

ss
io

n,
 s

ug
ge

st
in

g 
th

at
 th

is
 in

te
rv

en
tio

n 
m

ay
 re

pl
ac

e 
tr

ad
iti

on
al

 in
va

si
ve

 tr
ea

tm
en

t o
f n

on
-c

av
ita

te
d 

de
nt

in
al

 c
ar

ie
s

Bo
rg

es
 et

 a
l[4

]  
(2

01
2)

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

Si
xt

y 
pe

rm
an

en
t m

ol
ar

s 
in

 3
5 

in
di

vi
du

al
s 

(1
2-

19
.5

 y
ea

rs
 o

ld
) 

w
ith

 n
on

-c
av

ita
te

d 
ca

ri
ou

s 
le

si
on

s 
ra

di
og

ra
ph

ic
al

ly
 lo

ca
te

d 
be

tw
ee

n 
th

e 
de

nt
in

-e
na

m
el

 ju
nc

tio
n 

an
d 

m
id

dl
e 

th
ir

d 
of

 d
en

tin

C
ar

ie
s 

pr
og

re
ss

io
n 

an
d 

se
al

an
t l

os
s;

 c
lin

ic
al

 
an

d 
ra

di
og

ra
ph

ic
 

ex
am

in
at

io
ns

Ex
pe

ri
m

en
ta

l (
n 

= 
30

): 
or

al
 

hy
gi

en
e 

in
st

ru
ct

io
n 

an
d 

fis
su

re
 s

ea
lin

g 
(F

lu
or

sh
ie

ld
, 

D
en

ts
pl

y)
; c

on
tr

ol
 (n

 =
 3

0)
: o

ra
l 

hy
gi

en
e 

in
st

ru
ct

io
n

4-
m

o 
in

te
rv

al
s 

fo
r 

1 
ye

ar
, t

he
n 

12
-m

o 
in

te
rv

al
s 

to
 3

6 
m

o;
 

co
nt

ro
l g

ro
up

 w
as

 
fo

llo
w

ed
 fo

r o
nl

y 
8 

m
o 

du
e 

to
 s

ig
na

ls
 o

f 
ca

ri
es

 p
ro

gr
es

si
on

Ei
gh

t t
ee

th
 (f

ou
r p

er
 g

ro
up

) w
er

e 
lo

st
 a

t 1
-y

ea
r f

ol
lo

w
 u

p;
 n

o 
to

ot
h 

w
as

 
lo

st
 s

ub
se

qu
en

tly
. C

lin
ic

al
 a

nd
 ra

di
og

ra
ph

ic
 c

ar
ie

s 
pr

og
re

ss
io

n 
w

as
 

si
gn

ifi
ca

nt
ly

 m
or

e 
fr

eq
ue

nt
 in

 th
e 

co
nt

ro
l t

ha
n 

in
 th

e 
ex

pe
ri

m
en

ta
l g

ro
up

. 
Th

re
e 

te
et

h 
lo

st
 se

al
an

t a
nd

 sh
ow

ed
 c

ar
ie

s p
ro

gr
es

si
on

 a
t t

he
 1

2-
m

o 
fo

llo
w

 
up

. N
o 

se
al

an
t l

os
s 

or
 c

ar
ie

s 
pr

og
re

ss
io

n 
w

as
 o

bs
er

ve
d 

at
 2

4 
or

 3
6 

m
o.

 P
it 

an
d 

fis
su

re
 s

ea
la

nt
 e

ffe
ct

iv
el

y 
ar

re
st

ed
 c

ar
io

us
 le

si
on

s 
fo

r a
 3

6-
m

o 
pe

ri
od

Bo
rg

es
 et

 a
l[5

]  
(2

01
2)

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
sp

lit
-m

ou
th

 
cl

in
ic

al
 tr

ia
l

Si
xt

y 
de

ci
du

ou
s 

m
ol

ar
s 

in
 3

0 
sc

ho
ol

ch
ild

re
n 

(5
-9

 y
ea

rs
 o

ld
) 

w
ith

 n
on

-c
av

ita
te

d 
ca

ri
ou

s 
le

si
on

s 
ra

di
og

ra
ph

ic
al

ly
 lo

ca
te

d 
be

tw
ee

n 
th

e 
de

nt
in

-e
na

m
el

 ju
nc

tio
n 

an
d 

m
id

dl
e 

th
ir

d 
of

 d
en

tin

Ex
pe

ri
m

en
ta

l g
ro

up
: 

ca
ri

es
 p

ro
gr

es
si

on
 a

nd
 

se
al

an
t l

os
s;

 c
on

tr
ol

 
gr

ou
p:

 s
ec

on
da

ry
 c

ar
ie

s 
em

er
ge

nc
e 

an
d 

cl
in

ic
al

 
fa

ilu
re

 o
f c

om
po

si
te

 
re

st
or

at
io

ns

Ex
pe

ri
m

en
ta

l (
n 

= 
30

): 
fis

su
re

 s
ea

lin
g 

(F
lu

or
sh

ie
ld

, 
D

en
ts

pl
y)

; c
on

tr
ol

 (n
 =

 3
0)

: 
co

m
po

si
te

 re
st

or
at

io
n 

(Ic
e,

 
SD

I)

4-
m

o 
in

te
rv

al
s 

fo
r 1

 
ye

ar
N

o 
to

ot
h 

w
as

 lo
st

 to
 fo

llo
w

 u
p.

 T
he

 tr
ea

tm
en

t m
od

al
iti

es
 w

er
e 

si
m

ila
rl

y 
ef

fe
ct

iv
e 

in
 m

an
ag

in
g 

no
n-

ca
vi

ta
te

d 
oc

cl
us

al
 c

ar
io

us
 le

si
on

s 
in

 d
en

tin
 o

f 
pr

im
ar

y 
m

ol
ar

s.
 T

hr
ee

 te
et

h 
sh

ow
ed

 p
ar

tia
l s

ea
la

nt
 re

te
nt

io
n 

an
d 

ca
ri

es
 

pr
og

re
ss

io
n 

af
te

r 1
 y

ea
r. 

Th
e 

in
va

si
ve

 a
pp

ro
ac

h 
ca

n 
be

 re
pl

ac
ed

 w
ith

 n
on

-
dr

ill
in

g 
fis

su
re

 s
ea

lin
g 

te
ch

ni
qu

es
 fo

r t
he

 m
an

ag
em

en
t o

f t
he

se
 le

si
on

s

da
 S

ilv
ei

ra
 et

 a
l[6

]  
(2

01
2)

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

Fi
fty

-o
ne

 p
er

m
an

en
t m

ol
ar

s 
in

 
38

 in
di

vi
du

al
s 

(±
 1

2.
78

 y
ea

rs
 o

ld
) 

w
ith

 n
on

-c
av

ita
te

d 
ca

ri
ou

s 
le

si
on

s 
ra

di
og

ra
ph

ic
al

ly
 lo

ca
te

d 
be

tw
ee

n 
th

e 
de

nt
in

-e
na

m
el

 ju
nc

tio
n 

an
d 

m
id

dl
e 

th
ir

d 
of

 d
en

tin

C
ar

ie
s 

pr
og

re
ss

io
n 

an
d 

se
al

an
t l

os
s;

 c
lin

ic
al

 
an

d 
ra

di
og

ra
ph

ic
 

ex
am

in
at

io
ns

Ex
pe

ri
m

en
ta

l (
n 

= 
27

): 
or

al
 

hy
gi

en
e 

in
st

ru
ct

io
n 

an
d 

se
al

in
g 

w
ith

 s
el

f-c
ur

in
g 

gl
as

s 
io

no
m

er
 c

em
en

t (
V

id
ri

on
-R

, S
S 

W
hi

te
)

4-
m

o 
in

te
rv

al
s 

fo
r 1

 
ye

ar
; c

on
tr

ol
 g

ro
up

 
w

as
 fo

llo
w

ed
 fo

r 
on

ly
 8

 m
o 

du
e 

to
 

si
gn

al
s 

of
 c

ar
ie

s 
pr

og
re

ss
io

n 

N
o 

to
ot

h 
w

as
 lo

st
 to

 fo
llo

w
 u

p.
 C

lin
ic

al
 e

xa
m

in
at

io
n 

sh
ow

ed
 n

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

gr
ou

ps
, b

ut
 ra

di
og

ra
ph

ic
 e

xa
m

in
at

io
n 

sh
ow

ed
 le

ss
 c

ar
ie

s 
pr

og
re

ss
io

n 
in

 s
ea

le
d 

te
et

h

Ba
kh

sh
an

de
h 

et
 a

l[7
]  

(2
01

2)
C

lin
ic

al
 tr

ia
l

Fi
ve

 p
re

m
ol

ar
s 

an
d 

67
 m

ol
ar

s 
in

 
52

 in
di

vi
du

al
s 

(±
 2

8 
ye

ar
s 

ol
d)

 
le

si
on

s 
in

 n
ee

d 
of

 re
st

or
at

io
n.

 T
he

 
m

ax
im

um
 d

ep
th

 o
f t

he
 le

si
on

s,
 

ra
di

og
ra

ph
ic

al
ly

 a
ss

es
se

d,
 w

as
 

lim
ite

d 
to

 th
e 

m
id

dl
e 

th
ir

d 
of

 th
e 

de
nt

in

Ex
pe

ri
m

en
ta

l g
ro

up
: 

ca
ri

es
 p

ro
gr

es
si

on
 a

nd
 

se
al

an
t l

os
s;

 c
on

tr
ol

 
gr

ou
p:

 s
ec

on
da

ry
 c

ar
ie

s 
em

er
ge

nc
e 

an
d 

cl
in

ic
al

 
fa

ilu
re

 o
f c

om
po

si
te

 
re

st
or

at
io

ns

C
on

tr
ol

 (n
 =

 2
4)

: o
ra

l h
yg

ie
ne

 
in

st
ru

ct
io

n;
 e

xp
er

im
en

ta
l (

n 
= 

60
): 

re
si

n-
ba

se
d 

fis
su

re
 s

ea
lin

g 
(D

el
to

n,
 D

en
ts

pl
y)

 C
on

tr
ol

 (n
 

= 
12

): 
co

m
po

si
te

 re
st

or
at

io
n 

(F
ilt

ek
 S

up
re

m
e 

XT
, 3

M
 E

SP
E)

6-
12

-m
o 

in
te

rv
al

s 
fo

r 
25

-3
8 

(m
ea

n,
 3

3)
 m

o
El

ev
en

 s
ea

le
d 

te
et

h 
w

er
e 

lo
st

 to
 fo

llo
w

 u
p;

 n
o 

re
st

or
ed

 to
ot

h 
w

as
 lo

st
. A

ll 
re

st
or

at
io

ns
 a

nd
 s

ea
la

nt
s 

fu
nc

tio
ne

d 
w

el
l; 

se
ve

n 
se

al
an

ts
 w

er
e 

re
pa

ir
ed

/
re

pl
ac

ed
 d

ue
 to

 fa
ilu

re
 a

nd
 th

re
e 

se
al

ed
 le

si
on

s 
w

er
e 

re
st

or
ed

 d
ue

 to
 

ca
ri

es
 p

ro
gr

es
si

on
. S

ea
la

nt
s 

ar
re

st
ed

 m
os

t (
44

/4
9)

 le
si

on
s;

 e
xp

an
si

on
 o

f 
cr

ite
ri

a 
fo

r t
he

ra
pe

ut
ic

 s
ea

lin
g 

of
 o

cc
lu

sa
l c

ar
io

us
 le

si
on

s 
in

 a
du

lts
 w

ill
 

im
pr

ov
e 

de
nt

al
 h

ea
lth

Assunção IV et al . Noninvasive treatments to arrest dentin caries



occlusal carious lesions in the dentin of  primary molars. 
They concluded that the invasive restorative approach 
can be replaced with the fissure sealing technique that 
does not require drilling. Borges et al[3,4] and Bakhshandeh 
et al[7] reported that the same noninvasive fissure sealing 
treatment arrested caries in permanent molars. Thus, this 
approach appears to be effective in deciduous and per-
manent molars.

Which materials should clinicians use to seal pits and 
fissures in the management of non-cavitated occlusal 
carious lesions in dentin? What are the perspectives on 
the use of alternative sealing materials and techniques?
The clinical effectiveness of  fissure sealing for the man-
agement of  non-cavitated occlusal carious lesions in 
dentin depends on complete maintenance of  the seal-
ant in fissures[3-7]. The self-curing glass ionomer cement 
tested by de Silveira et al[6] showed high loss rates that 
prevented it from arresting caries progression, as deter-
mined by clinical examination. The authors observed the 
emergence of  cavitations in enamel when the cement was 
lost. Resin-based fissure sealants showed higher com-
plete retention rates, as reported by Borges et al[3-5] and 
Bakhshandeh et al[7]. These superior survival rates suggest 
that resin-based fissure sealant is preferable to self-curing 
glass ionomer cement.

Resin-based fissure sealants are adequate for the thera-
peutic sealing of  non-cavitated occlusal carious lesions in 
dentin. However, the partial and total sealant losses ob-
served by Borges et al[3-5] and Bakhshandeh et al[7] limit the 
effectiveness of  this noninvasive therapeutic approach. 
Researchers have sought to improve sealant adhesion 
to enamel and/or the physical properties of  polymeric 
networks as sealant adaptation and polymeric network 
strength may be related to the survival of  sealants in tooth 
fissures[12]. Enamel conditioning with a casein phospho-
peptide-amorphous calcium phosphate paste in associa-
tion with adhesive system application improved the bond 
durability of  a fissure sealant in vitro[13], suggesting that this 
protocol could increase sealant retention.

In vitro studies have demonstrated the superiority 
of  flowable composites to traditional fissure sealants in 
terms of  physical properties related to polymeric network 
strength, such as the degree of  conversion, hardness and 
crosslink density[12,14-16]. Moreover, preheating of  flowable 
composites before photoactivation has been found to in-
crease softening resistance to acid challenge in vitro[17]. In 
this context, further clinical trials should be performed to 
evaluate the efficacy of  the above described protocols in 
vivo.

In conclusion, noninvasive therapeutic fissure sealing 
is effective for the management of  non-cavitated occlusal 
carious lesions in dentin if  a resin-based fissure sealant 
is used. Since only relatively short-time follow-up clinical 
trials were found, further randomized controlled clinical 
trials with longer follow-up times should be performed 
to provide more scientific evidence for the efficacy of  
therapeutic sealing in the management of  these lesions.

seems to be the most plausible explanation for the lack 
of  caries progression observed in those studies. Because 
total retention is an integral requirement for sealant suc-
cess, attempts should be made to increase the mechanical 
strength of  sealing materials and their adhesion potential 
to enamel.

In contrast, de Silveira et al[6] reported that a self-
curing glass ionomer fissure sealant did not arrest car-
ies progression in molars with non-cavitated occlusal 
dentinal lesions. Although sealed teeth showed no sign 
of  caries progression on radiographic examination, they 
exhibited visible cavitation after 12 mo of  follow up. The 
rapid macroscopic loss of  self-curing glass ionomer seal-
ant may render fissures susceptible to biofilm adhesion 
and further acid attack, leading to the emergence of  cavi-
tations on occlusal enamel[6].

Some points reported by Borges et al[3,4] should be 
emphasized. The authors commented that possible limi-
tations of  their studies included the absence of  power 
calculation, the sample size of  60 teeth and the loss of  
some of  the sample at 12 mo, which may have reduced 
the internal and external validity of  these investigations. 
However, they argued that the remarkable difference in 
caries progression observed between the sealed and un-
sealed groups at the 12 mo recall appointments indicated 
that the sample size was satisfactory for the analysis and 
that the observation period was appropriate to detect 
distinct differences in outcomes. The authors further em-
phasized that the lack of  caries progression at 12, 24 and 
36 mo recall appointments in teeth with intact sealant 
clearly confirmed that the sample size was satisfactory.

One should consider that only papers published in the 
English language were included in this systematic review. 
In fact, the most relevant papers are published in English 
language since it can be read worldwide. For this reason, 
we believe that data loss due to the exclusion of  papers 
wrote in other languages could not generate a negative 
impact to the present results.

The minimally invasive approach to carious lesions in 
dentistry is based on the principle that nonsurgical treat-
ments are preferable to invasive treatments as the former 
increase tooth longevity. Invasive interventions initiate a 
cycle of  treatment and re-treatment, often leading to the 
need for crowns and implants, regardless of  the qual-
ity of  the initial filling preparation[11]. Data from studies 
included in this review demonstrate the great positive 
impact of  a noninvasive approach to the management of  
non-cavitated occlusal carious lesions in dentin. Further 
studies with longer follow-up times should be performed 
to improve the evidence provided by the present system-
atic review.

Is the noninvasive treatment of non-cavitated occlusal 
carious lesions in dentin effective in permanent and 
deciduous teeth?
Borges et al[5] compared the efficacy of  pit and fissure 
sealing using a resin-based material with that of  tradi-
tional tooth restoration in the treatment of  non-cavitated 
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The use of pit and fissure sealant to seal fissures has been investigated as a 
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resin-based sealant may arrest the progression of non-cavitated occlusal den-
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The actual restorative approach to treat non-cavitated caries lesion in dentin 
may be replaced with a noninvasive method. In turn, this will contribute to save 
sound dental tissues which are lost during cavity preparation, increasing tooth 
longevity.
Terminology
Tooth demineralization refers to a process where an acidic environment leaches 
some of the mineral content (such as calcium) out of a tooth’s calcified tissues 
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tion involved and healthy tooth structure is preserved.
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effecting systolic and diastolic cardiac function, thus 
awareness, early detection and treatment of the un-
derlying cause, and resulting complications is key to 
patient outcome.

Jones C, Lodhi AM, Cao LB, Chagarlamudi AK, Movahed 
A. Atrium of stone: A case of confined left atrial calcifica-
tion without hemodynamic compromise. World J Clin Cases 
2014; 2(5): 142-145  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i5/142.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i5.142

INTRODUCTION
Dystrophic cardiac calcification is often diffuse and oc-
curs primarily in patients with chronic inflammatory 
diseases. Long term advancement of  dystrophic calcifica-
tion often lead to complicated valvular stenosis, cardiac 
arrhythmias, cardiac block and abnormal cardiac hemo-
dynamic by effecting systolic and diastolic cardiac func-
tion, thus awareness, early detection and treatment of  the 
underlying cause, and resulting complications is key to 
patient outcome.

CASE REPORT
A 55-year-old African-American woman with past medi-
cal history of  hypertension, endstage renal failure on di-
alysis with failure of  previous renal transplant presented 
for cardiac risk stratification prior to renal transplant 
surgery. Previous work up for renal transplant had been 
unremarkable except for elevated intact parathyroid hor-
mone of  1346 pg/mL. Electrocardiogram showed nor-
mal sinus rhythm. By Teichholtz equation, transthoracic 
echocardiography showed a left ventricular ejection frac-
tion of  75%. In the parasternal long axis view, the inter-
ventricular septal diameter was 1 cm, the left ventricular 
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Abstract
Dystrophic cardiac calcification is often associated with 
conditions causing systemic inflammation and when 
present, is usually extensive, often encompassing 
multiple cardiac chambers and valves. We present an 
unusual case of dystrophic left atrial calcification in the 
setting of end stage renal disease on hemodialysis diag-
nosed by echocardiography and computed tomography. 
Significant calcium deposition is confined within the 
walls of the left atrium with no involvement of the mitral 
valve, and no hemodynamic effects.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Left atrium calcification; Heart of stone; 
Atrial calcification; Dystrophic cardiac calcification; Re-
nal failure

Core tip: Dystrophic cardiac calcification can often lead 
to complicated valvular stenosis, cardiac arrhythmias, 
cardiac block and abnormal cardiac hemodynamics by 
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posterior wall diameter was 1.1 cm, the left ventricular 
end diastolic diameter was 4 cm, and the left ventricular 
mass index was greater than 86 g/m2. There was con-
centric remodeling by relative wall thickness calculation. 
Grade 2 diastolic dysfunction with pseudonormalization 
mitral inflow pattern was observed. The E:A was 1.4, 
lateral e’ of  8.68 cm/s, medial e’ of  6.14 cm/s, and a de-
celeration time of  200 ms. The left atrial size and volume 
was in the upper limits of  normal. (Normal left atrial size 
by index is < 29 cm/m2)[1]. The left atrial wall, however, 
showed diffuse hyper-echogenicity not observed in the 
left ventricular walls. This hyper-echogenicity did not re-
strict the movement of  the mitral valve leaflets (Figure 1). 
Tricuspid annular plane systolic excursion was 2.1 cm/s. 
A transesophageal echocardiogram was not performed 
in this case. However, in order to confirm our suspicion 
and diagnosis, the patient underwent a non-enhanced 
computed tomography (CT) of  the chest which noted in-
creased attenuation of  the left atrial wall, consistent with 
calcification of  majority of  the left atrium and mild cal-
cification of  the ascending aorta (Figure 2). The CT un-
fortunately did not show the aorto-mitral continuity well. 
The Calcium-phosphorous product at time of  evaluation 
was within normal limits, and patient had no history of  
tuberculosis or a positive Purified Protein Derivative.

DISCUSSION
Calcification seen in patients is typically either a product 

of  metastatic calcification or dystrophic calcification. 
Metastatic calcification is typically seen in patients with 
a disturbance of  Calcium and Phosphorus metabolism, 
often due to renal dysfunction. In our patient, although 
the intact parathyroid hormone level was elevated on pre-
vious workup for renal transplant, the pattern of  calcifi-
cation was that of  a dense, finely speckled pattern. This 
indicates that the calcification in the left atrium is a prod-
uct of  dystrophic calcification and not that of  metastatic 
calcification.

Dystrophic myocardial calcification which is increased 
intracellular calcium deposition driven by high serum 
calcium, is a well described process associated with con-
ditions that cause systemic inflammation such as renal 
failure, rheumatic disease or cardiac surgery[2-5]. Calcium 
deposition often involves the left atrial appendage, free 
wall and septal wall, and mitral valve as well. In severe 
cases the entire atrium is involved with significant mitral 
valve stenos is or malcoaptation[6]. In cases where an 
entire atrium is involved, it is often referred to as a “co-
conut”[7] or “porcelain atrium”[8]. Although calcification 
of  parts or the whole left atrium have been well docu-
mented, calcium deposition confined to the left atrial 
walls without valvular involvement is a unique variant.

There are several genes that have been linked to dys-
trophic cardiac calcification, including but not limited 
to the ATP-binding cassette transporter subtype 6 gene 
which was recently found to mediate myocardial necrosis 
and calcification[9-11], the Adiponectin gene which was 
linked to calcification of  the aortic median[12,13], the al-
pha2-HS-glycoprotein/fetuin gene which has been linked 
to calcification of  coronary artery plaques in patients 
with type Ⅱ diabetes[14,15], the ectonucleotide pyrophos-
phatase/phosphodiesterase1 gene which has been linked 
to increased aortic arch calcifications in patients with 
type Ⅱ diabetes and higher coronary calcification scores 
in patients with End Stage Renal Disease[16-20], and the 
Osteoprotegerin gene which has been linked to increased 
risk for coronary artery disease[21-25].

Women in their fifth and sixth decades are most often 
affected[6] and can be classified into one of  three types 
which are associated with prior mitral valve dysfunc-
tion[26]. Type A is caused by mitral stenos is with calcifi-
cation confined to the left atrial appendage causing an 
increased occurrence of  thrombi within the appendage. 
Type B is the result of  advanced mitral stenos is with 
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Figure 1  Transthoracic 2D parasternal long axis. A: Systole 
shows diffuse echo dense signal significantly confined to the walls of 
the left atrium indicated by arrow. No mitral valve (MV) or mitral an-
nulus involvement. Valve closes normally during systole; B: Diastole 
shows adequate MV opening. LA: Left atrium; AO: Aortic root.

Figure 2  Cardiac computed tomography indicating calcium within the 
walls of the left atrium and mild calcification of the aortic root. LA: Left 
atrium; AO: Aortic root.
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calcification confined to the left atrial free wall and the 
mitral valve. Type C is the confined calcification of  the 
posterior wall of  the left atrium. This particular pattern 
of  left atrial calcium deposition is known as MacCallum’s 
patch and is often the result of  a regurgitant mitral jet[26]. 
The structure that is most often spared is the interatrial 
septum. When the septal wall is calcified as well, the term 
coconut atrium is used to describe the hyperdense white 
appearance of  the complete left atrial calcification on im-
aging[6]. Multiple imaging techniques can be used to diag-
nose and assess the extent of  calcification. On anterior-
posterior chest radiograph mural calcification presents 
as a thin C shaped curvilinear density outlining the left 
atrium partially or completely with the opening of  the 
C anterior to mitral annulus. Hyper-echogenicity within 
the walls of  the left atrium, Restriction in atrial wall mo-
tion and mitral valve abnormalities can be well visualized 
with transthoracic and transesophageal echocardiography, 
however, CT is superior to all other imaging modalities 
for determining extent of  calcification[20,27].

Dystrophic calcification of  the left atrium can cause 
significant complications which can lead to hemodynamic 
compromise or even collapse. A common complication 
is the occurrence of  mitral stenos is as the mitral leaf-
lets become restricted due to calcification[20]. In cases of  
significant calcium deposition Arrhythmias can present 
especially if  calcification occurs outside the left atrium 
involving the SA node, AV node or other points along 
the cardiac conduction system. Over time increased left 
atrial pressure can develop due to decreased compliance 
of  the left atrial walls and can be transmitted through 
pulmonary veins resulting in derangements in right heart 
hemodynamics (Figure 3)[7,28].

The accepted surgical treatment for left atrial calcifi-
cation is endoatrioectomy with mitral valve replacement 
as the calcification usually does not extend beyond the 
endocardium[25]. Total endoatrioectomy of  a calcified left 
atrium has been shown to be a technique with limited 
morbidity, however, not much follow up of  atrial compli-
ance has been done in patients who undergo this proce-
dure in order to quantify improvement[29]. The two major 
contraindications to endoatrioectomy are calcification of  

the left atrial septal wall and mitral annulus. Septal calcifi-
cation makes repair difficult and increases mortality due 
to the septum serving as a cleavage plane during surgery 
which helps prevent hemorrhage and embolization if  
thrombus is present. Caseous necrosis is known to cause 
mitral calcification, usually occurring along the posterior 
annulus[28,30].

Our case presentation is unique in that all of  the walls 
of  the left atrium are heavily calcified including the septal 
wall and left atrial appendage with minimal presence in 
the ascending aorta, however, there is no calcification of  
the mitral valve and no resultant mitral stenos is, mitral 
regurgitation, arrhythmias or hemodynamic compromise. 

COMMENTS
Case characteristics
In a preoperative evaluation for renal transplant of an asymptomatic patient with 
a prior history of end stage renal disease (ESRD) and hypertension, there were 
no significant clinical or exam findings.
Clinical diagnosis
However, upon routine echocardiogram and chest x-ray, findings of dystrophic 
calcification was seen in the heart.
Differential diagnosis
Findings of dystrophic calcification lead to further concerns of tuberculosis, sar-
coidosis, and other rare systemic inflammatory diseases.
Laboratory diagnosis
Calcium-phosphorous product at time of evaluation was within normal limits, and 
patient had no history of tuberculosis or a positive Purified Protein Derivative.
Imaging diagnosis
Further evaluation by computed tomography (CT) imaging confirmed a calcified 
left atrium and made sarcoidosis, and other more rare inflammatory disease 
less likely.
Pathological diagnosis
No further pathological studies were done, but the additional imaging studies 
confirmed dystrophic calcification in an individual with ESRD, a systemic inflam-
matory disease equivalent.
Treatment
The patient is at risk for complicated valvular stenosis, cardiac arrhythmias, car-
diac block and abnormal cardiac hemodynamics due to this dystrophic calcifica-
tion; thus close follow-up, and early treatment of these resulting complications 
are the key to the patient’s outcome.
Term explanation
An “atrium of stone”, thus refers to this dystrophic calcification almost isolated 
to the left atrium.
Experiences and lessons
ESRD patients often carry a higher mortality and morbidity than previous thought, 
which may not always be present on initial clinical and exam assessment.
Peer review
The authors present an unusual case of dystrophic left atrial calcification in the 
setting of end stage renal disease on hemodialysis diagnosed by echocardiog-
raphy and CT. Calcium deposition is significantly confined within the walls of 
the left atrium with no involvement of the mitral valve or untoward effects on 
hemodynamics. This is an interesting case report for the clinical practice.
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Figure 3  CXR shows a small amount of what appears to be pneumoperito-
neum beneath the right hemidiaphragm that was present prior, otherwise, 
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Abstract
We report a case of primary colonic lymphoma inciden
tally diagnosed in a patient presenting a gallbladder 
attack making particular attention on the diagnostic 
findings at ultrasound (US) and total body computed 
tomography (CT) exams that allowed us to make the 
correct final diagnosis. A 85yearold Caucasian male 
patient was referred to our department due to acute 
pain at the upper right quadrant, spreaded to the right 
shoulder blade. Patient had nausea and mild fever and 
Murphy’s maneuver was positive. At physical examina
tion a large bulky mass was found in the right flank. 
Patient underwent to US exam that detected a big 
stone in the lumen of the gallbladder and in correspon

dence of the palpable mass, an extended concentric 
thickening of the colic wall. CT scan was performed 
and confirmed a widespread and concentric thickening 
of the wall of the ascending colon and cecum. In ad
dition, revealed signs of microperforation of the colic 
wall. Numerous large lymphadenopathies were found 
in the abdominal, pelvic and thoracic cavity and there 
was a condition of splenomegaly, with some ischemic 
outcomes in the context of the spleen. No metastasis in 
the parenchimatous organs were found. These imaging 
findings suggest us the diagnosis of lymphoma. Patient 
underwent to surgery, and right hemicolectomy and 
cholecystectomy was performed. Histological examina
tion confirmed our diagnosis, revealing a diffuse large 
Bcell lymphoma. The patient underwent to Cyclophos
phamide, Hydroxydaunorubicin, Oncovin, Prednisone 
chemotherapy showing only a partial regression of the 
lymphadenopathies, being in advanced stage at the 
time of diagnosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The authors report their experience with a 
largely primary colonic lymphoma (PCL) incidentally 
detected in a patient presenting a gallbladder attack. 
PCL is a rare disease (less than 1% of all colorectal ma
lignancies). Symptoms are unspecific and it is usually 
quite advanced by the time diagnosis is made. In this 
case, patient showed symptoms of gallbladder disease 
and presented a large bulky mass at physical exam. 
The authors pay particular attention in describing clinic 
and diagnostic findings which suggested the correct 
final diagnosis of PCL. The role of ultrasound and com
puted tomography exams with the respective radiologi
cal features are described.
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INTRODUCTION
Lymphomas are haematological malignancies which could 
have extranodal manifestations in approximately 40% 
of  cases. The gastro-intestinal tract is the most common 
extranodal localization of  non-Hodgkin lymphomas 
(NHLs) with a rare involvement of  large bowel. The di-
agnostic criteria were firstly described by Barbaryan et al[1] 

in 1961.
Overall, primary colonic lymphoma (PCL) accounts 

for 1.4% of  all cases of  NHLs and represents only the 
0.2%-0.6% of  all large-bowel malignancies[2]. The most 
common histological types, in according with the Ann-
Arbor classification, were: diffuse large B-cell lymphomas 
with frequency rate ranging from 47% to 81%, Mantle-
cell lymphomas and Burkitt’s lymphomas[3-5]. We report 
a case of  PCL in a patient presenting with a gallbladder 
attack.

CASE REPORT
A 85-year-old Caucasian male patient came to our De-
partment of  Radiological Sciences complaining of  acute 
pain at the right flank, spreading to the back right shoul-
der blade area. The patient had nausea and mild fever. 
The pain arose during the night. At physical examination, 
the patient appeared pale. Murphy’s maneuver was posi-
tive. Patient referred at least other two similar attacks of  
pain during the past 3 years.

Abdominal palpation revealed a voluminous bulky 
mass with a maximum diameter of  about 8 cm in the 
right flank, fixed in the deep layers. Moreover, the patient 
referred weight loss in the last six months, persistent low-
grade fever in the evening and loss of  appetite.

The blood investigations revealed microcytic anemia 
(HB 8.8 mg/dL), slight increase of  gamma-glutamyl 
transpeptidase and alkaline phosphatase (187 U/L). It 
was also observed an increase of  erythrocyte sedimenta-
tion rate (30 mm/s) and of  the C-reactive protein (128 
mg/L). No further significant changes were found in the 
laboratory exams.

Therefore, it was performed an ultrasound (US) ex-
amination that detected a stone containing slightly thick 
walled gallbladder (maximum diameter of  about 1.5 cm). 
Intra and extra-hepatic bile ducts were not dilated. The 
liver presented regular shape, normal size and no solid 
pathologic lesions were found. In the upper right quad-
rant, in correspondence of  the palpable mass, there was a 
concentric thickening of  the wall of  the ascending colon, 
which assumed the appearance of  a solid mass of  10 mm 

in maximum diameter (Figure 1).
We decided to perform a total body computed to-

mography (CT) scan which confirmed, close to the he-
patic flexure, a widespread and concentric thickening of  
the wall of  the ascending colon (maximum thickness 40 
mm) extended in cranio-caudal direction for 10 cm.

In the submucosa, there were signs of  microperfora-
tion with millimetric air bubbles in the context of  the 
colic wall. The perivisceral and omental fatty tissue was 
inhomogeneous.

On the medial side of  the lesion there was a great 
necrotic enlarged lymph node (dimensions: 45 mm of  
longitudinal diameter and 66 mm of  transverse diameter). 

Numerous lymphadenopathies were found in the 
abdominal and pelvic cavity, the most numerous of  them 
lying in the inter-aorto-caval space and along the course 
of  the splenic vein and the iliac vessels bilaterally. In ad-
dition, the spleen was enlarged (longitudinal diameter of  
18 cm) with some parenchymal hypodense areas in the 
context that could be indicative of  ischemic outcomes 
(Figures 2 and 3).

Not further significant alterations were found in the 
liver and in the other parenchymatous organs.

Some lymphadenopathies were found also in the tho-
racic cavity, located in the pretracheal and para-esopha-
geal space (maximum diameter 14 mm).

In the cardio-phrenic space, bilaterally, there were 
other small pathologic lymph nodes.

Considering the morphology of  the colonic thicken-
ing, which seemed to be expansive rather than infiltrative, 
the presence of  multiple lymphadenopathies, the condi-
tion of  splenomegaly and the absence of  involvement of  
the liver and peritoneum, the diagnosis of  lymphoma was 
suspected.

The patient was sent to surgery and a right hemico-
lectomy associated with loco-regional lymphadenectomy 
and cholecystectomy was performed.

Histological examination of  the surgical specimen 
revealed a diffuse large B-cell lymphoma, CD19, CD20, 
CD22, CD79A, and BCL6 positive.

The patient underwent six cycles of  chemotherapy 
[Cyclophosphamide, Hydroxydaunorubicin, Oncovin, 
Prednisone (CHOP) regimen] and showed only a partial 
regression of  the lymphadenopathies.

DISCUSSION
PCL is extremely rare, but may be increasing in frequen-
cy; it represents less than 1% of  all colorectal malignan-
cies[6,7]. There is a male predominance for these tumors, 
(twice as often in males compared with females) and the 
maximal incidence is found in the 50-65 year age group, 
with a mean age of  55 years[2].

There are not well-defined risk factors related with this 
disease and up to now the most common identified are: 
the immunosuppression (HIV or long-term corticosteroid 
therapy) and the inflammatory bowel diseases (IBD)[8].

Therefore, PCL can be present for a long period of  
time without causing symptoms and the diagnosis often 
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is made in an advanced stage.
The most common signs and symptoms are unspecif-

ic, such as: abdominal pain (66.8%), anorexia and weight 
loss (43%) and an abdominal palpable mass (41.3%). Less 
common presentations are: bloody stool (23%), acute ab-
domen, microcytic anemia and rectal bleeding[2,5].

Our patient did not present any risk factors or spe-

cific symptoms for PCL, and diagnosis was incidental in 
occasion of  a gallbladder attack.

Imaging methods were essential to perform a correct 
diagnosis, particularly US examination confirmed the 
presence of  the large bulky mass found at physical exam 
and CT allowed us to suggest the diagnosis of  lymphoma 
and to evaluate the disease extension.

148 May 16, 2014|Volume 2|Issue 5|WJCC|www.wjgnet.com

Figure 1  Ultrasound exam findings. The images show the concentric thickening of the wall of the ascending colon, which assumed the appearance of a solid mass. 
In addition the big gallstone in the lumen of the gallbladder is displayed.

Figure 2  Computed tomography exam in the axial and coronal planes. The images show the concentric thickening of the wall of the cecum and ascending colon. 
The millimetric air bubbles in the context of the colic wall are also depicted.

Figure 3  Coronal computed tomography scan (portal venous phase).
The images show the large colic lesion at the level of the hepatic flexure 
(A), the large necrotic lymphadenopathy close to the lesion (B), the stone 
in the lumen of the gallbladder (C) and the hypodense area in the context 
of the spleen indicative of the ischemic outcomes (D).
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most of  them occur within the first 5 years after resec-
tion with diffuse disease[18,19].

In conclusion PCL is a rare disease. Often it is diag-
nosed in advanced state. Diagnostic imaging modalities, 
and particularly CT, have a fundamental role in the diag-
nosis of  lymphomas. If  CT reveals an infiltrative tumor 
with enlarged lymph nodes in the abdomen or pelvis, 
lymphoma should be highly taken into account in the dif-
ferential diagnosis. The prediction of  prognosis and the 
planning of  a suitable therapeutic approach is essential 
for the patients and CT allows an accurate staging of  the 
disease[20].

COMMENTS
Case characteristics
A 85-year-old male with acute pain at the right flank, presented a gallstone at-
tack and a large bulky mass in the abdomen.
Clinical diagnosis
Positivity to Murphy’s maneuver, low-grade fever, weight loss and a palpable 
voluminous bulky mass in the right flank.
Differential diagnosis
Colorectal carcinoma, Inflammatory bowel diseases.
Laboratory diagnosis 
HB 8.8 mg/dL, alkaline phosphatase 187 U/L, erythrocyte sedimentation rate 30 
mm/s and C-reactive protein 128 mg/L.
Imaging diagnosis
Ultrasound (US) examination detected a stone in the lumen of the gallblad-
der and a concentric thickening of the wall of the ascending colon; computed 
tomography (CT) confirmed the thickening of the wall of the cecum-ascending 
colon and revealed also signs of microperforation in the submucosa, numerous 
lymphadenopathies and a condition of splenomegaly.
Pathological diagnosis
The histological examination of the surgical specimen revealed a diffuse large 
B cell lymphoma CD19, CD20, CD22, CD79A, and BCL6 positive.
Treatment
The patient underwent to surgery (right hemicolectomy, loco-regional lymph-
adenectomy and cholecystectomy); in addition, underwent to six cycles of 
chemotherapy [Cyclophosphamide, Hydroxydaunorubicin, Oncovin, Prednisone 
(CHOP) regimen].
Related reports
The latest studies confirmed that primary colonic lymphoma (PCL) is a very 
rare disease and that diagnosis is often incidental; in the authors’ case report, 
diagnosis was made in advanced stage and we chose for a surgical approach 
before chemotherapy, according to some authors, for locoregional control of 
disease and to prevent complications.
Term explanation
CHOP is the acronym of a chemotherapy scheme used in the treatment of non-
Hodgkin lymphomas consisting of an alkylating agent (Cyclophosphamide), an 
intercalating agent (Hydroxydaunorubicin), a mitotic inhibitor (Oncovin) and a 
corticosteroid (Prednisone).
Experiences and lessons
This case report describes the diagnostic features of PCL and the radiological 
findings of this rare colonic disease, that should be considered in order to make 
a correct differential diagnosis, particularly stressing the role of US and CT.
Peer review
The strength of this article is that it well describes the radiological features of 
PCL and the case is really remarkable. The histological and immunochemical 
profile has been included.
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Radiographic findings associated with PCL often 
could be nonspecific, sharing similarities with other types 
of  colorectal disease, such as colorectal carcinoma and 
IBD[9].

In our case, CT gave us a high suspicion of  PCL show-
ing regional and systemic lymph nodes involvement, 
spleen enlargement, and absence of  metastasis. The le-
sion was located in the cecum-ascending colon. These 
locations are the most common sites for colorectal lym-
phoma (respectively 57% and 18% of  cases) probably 
because more lymphoid tissue is present in this region. 
Other sites involved are the transverse, recto-sigmoid co-
lon (10%) and the descending colon (5%)[10].

The management of  PCL is various, based on the 
extension of  the disease and on clinical status of  the pa-
tients at the time of  diagnosis[11]. The treatment of  PCL 
varies from chemotherapy alone to multimodal therapies 
combining surgery, chemotherapy, and even radiation 
therapy. The administration of  chemotherapy and par-
ticularly the CHOP regimen remains the mainstay in the 
treatment management[12].

According to many authors the surgical treatment 
may provide important prognostic information, including 
histology, tumor extent and stage[13,14].

In the absence of  disseminated disease, surgical resec-
tion is generally performed. The surgical approach may 
be used also as a therapy for local control in patients with 
aggressive lymphoma and to prevent complications like 
bleeding, perforation or intussusception. Diffuse large 
B cell lymphoma of  the large bowel is generally treated 
with a uniform therapeutic approach: aggressive surgery 
followed by adjuvant chemotherapy[15].

Our patient directly underwent to a surgical approach, 
in consideration of  the large size of  the tumoral mass 
and in order to avoid complications and particularly the 
risk of  perforation, in fact the rate of  spontaneous per-
foration in patients with PCL is 5%-11.5% suggested by 
the presence of  air bubbles. In addition, since the patient 
had recurrent attack of  pain due to the gallstones, chole-
cystectomy was performed.

After surgery which confirmed the suspected diagno-
sis of  lymphoma, he underwent CHOP scheme chemo-
therapy with a partial remission of  disease. This outcome 
can be explained by the fact that, although resection plays 
an important role in the local control of  the disease and 
in preventing bleeding and/or perforation, it rarely eradi-
cates the lymphoma by itself.

Prognosis of  PCL depends on numerous factors but 
the stage at diagnosis and the histological grade are the 
most important elements affecting survival rate[16]. Our 
patient showed advanced disease, in fact warning signs 
of  lymphoma are so subtle that it may take some time 
before realizing that there is a serious problem. The age 
of  the patient could have influenced the promptness 
of  diagnosis, in fact ancient patients may underestimate 
symptoms for a long time[3,17].

The median survival in cases of  advanced disease is 
generally low, ranging from 24 to 36 mo. Unfortunately, 
relapses are frequent (rates range from 33% to 75%), and 
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Abstract
A 24-year-old female patient with parathyroid carci-
noma, the rarest endocrine malignancy, had two preg-
nancies. In the first pregnancy, she had severe nausea 
and fatigue. Hypercalcemia and hyperparathyroidism 
were diagnosed in the postpartum period. Hypereme-
sis gravidarum masked a diagnosis of hypercalcemia. 
Neck ultrasound and Tc-99m sestamibi found an en-
larged lower right parathyroid gland. The gland was 
surgically removed, and an initial pathology report 
described atypical adenoma. Shortly afterward, she 
became pregnant again. During the second pregnancy, 
her calcium level was frequently controlled but was al-
ways in the normal range. Normocalcemia is explained 
by the specific physiology of pregnancy accompanied 
by hemodilution, hypoalbuminemia and maternal hy-
percalciuria (mediated by increased glomerular filtra-
tion). During lactation, calcium levels rose, and a new 

neck ultrasound showed a solitary mass in the area of 
prior surgery and an enlarged pretracheal lymph node. 
Fine needle aspiration of the solitary mass and node 
showed parathyroid carcinoma cells. The tumor mass 
was resected en bloc with the contiguous tissues and 
surrounding lymph nodes (pathology report; parathy-
roid carcinoma with metastases). Over the next five 
years, four consecutive surgeries were performed to 
remove malignant parathyroid tissue, lymph nodes and 
local metastases. Following the surgical procedures, no 
hypocalcemia was observed. More serious hypercalce-
mia recurred; the calcium level was difficult to control 
with a combination of pamidronate, cinacalcet and loop 
diuretic. No elements of multiple endocrine neoplasia 
were present.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Parathyroid carcinoma is the rarest endocrine 
malignancy; it is extremely uncommon in pregnancy. 
Hyperemesis gravidarum can mask the symptoms of 
hypercalcemia. The calcium level can be lower during 
pregnancy due to its specific physiology. This is a case 
report of a 24-year-old female patient with parathyroid 
carcinoma and two consecutive pregnancies with good 
outcomes in the postnatal period despite poor progno-
sis due to malignant disease. In five years, four consec-
utive surgeries were performed to remove malignant 
parathyroid tissue, lymph nodes and local metastases. 
Hypercalcemia was difficult to control with a combina-
tion of pamidronate, cinacalcet and loop diuretic. There 
were no elements of multiple endocrine neoplasia.
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INTRODUCTION
Parathyroid carcinoma is a rare malignant disease in the 
general population. The United States National Cancer 
Database Report indicates that in the time period from 
1985 to 1995, only 1% of  patients with primary hyper-
parathyroidism had parathyroid cancers[1]. Some Euro-
pean countries, such as Italy, reported even higher preva-
lence (up to 5%)[2]. The etiology of  parathyroid cancer 
remains unidentified; some authors mention neck irradia-
tion as a risk factor, while others suggest long-standing 
secondary hyperparathyroidism[3,4]. Familial occurrences, 
such as hyperparathyroidism-jaw tumor syndrome, mul-
tiple endocrine neoplasia type 1 and 2A and familial 
isolated hyperparathyroidism[5], have been linked. It has 
been shown that mutations in the HRPT2 gene (a tumor 
suppressor gene called parafibromin) are associated with 
the development of  parathyroid carcinoma, both in spo-
radic types and in cases with some familial clustering[6]. 
Parathyroid adenomas occur rarely in pregnancy, with 
the risk to both the mother and child directly connected 
to the level of  serum calcium[7,8]. Parathyroid carcinoma 
is even more rare[9]. A case report of  a woman with two 
subsequent pregnancies and parathyroid carcinoma is 
presented in this paper.

CASE REPORT
A 24-year-old woman had severe hyperemesis gravidarum 
during pregnancy, with constant nausea and vomiting 
3-4 times daily. Symptoms started in the 10th week and 
persisted until the end of  pregnancy, sometimes accom-
panied by fatigue and weakness. Vaginal delivery was at 
37 wk of  pregnancy. Shortly after the birth, her infant 
had neonatal convulsions; laboratory tests showed severe 
prolonged hypocalcemia of  the child, and the mother’
s calcium was checked. The mother’s level of  calcium 
was high, and she was referred to an endocrinologist. 
High parathyroid hormone (PTH) and low phosphorus 
pointed to hyperparathyroidism. Initial laboratory results 
confirmed that suspicion: calcium was 3.62 mmol/L 
(normal range, 2.14-2.53 nmol/L); ionized calcium, 1.87 
mmol/L (normal range, 1.18-1.32); phosphorus, 0.53 
mmol/L (normal range, 0.79-1.42 nmol/L); alkaline 
phosphatase, 187 U/L (normal range, 64-153 U/L); 
bone alkaline phosphatase, 133 U/L (normal range for 
premenopausal women, 14.2-42.7 U/L); and intact PTH, 
36 pmol/L (normal range, 1-6.0 pmol/L). The patient 
had no previous history of  familial hyperparathyroidism 
or other endocrine conditions, neck irradiation, chronic 
renal disease or kidney stones. There were no systemic 
manifestation of  hypercalcemia, and later bone densi-
tometry indicated osteoporosis (T score of  the lumbar 
spine was -3.8) but without bone fractures. Neck Doppler 
ultrasound recognized an enlarged lower-right parathy-
roid gland, described as a well-defined mass hypoechoic 
to thyroid tissue with a homogenous echo pattern mea-
suring 21 mm × 15 mm × 15 mm with few vascular 
structures (PTH in aspirate was higher than 150 pmol/L, 

Figure 1). Tc-99m sestamibi planar scan showed an area 
of  increased uptake on the right side of  the neck, addi-
tional evidence of  hyperfunctioning parathyroid tissue. A 
pinhole collimator was used to increase the resolution of  
scintigraphy Fine needle aspiration showed epithelial cells 
with pronounced anisonucleosis (variation in the size of  
the cell nuclei). The cytoplasmic borders were not sharply 
defined; the described cells had many naked nuclei. Sliver 
reaction (Grimelius) stained weekly positive. Hypercal-
cemia was treated by hydration with isotonic sodium 
chloride solution, loop diuretics and pamidronate. Two 
months after delivery, the patient underwent surgical re-
moval of  the described parathyroid gland. The removed 
gland measured 2 cm × 3 cm, and the pathological report 
noted tissue made up of  main and oxyphil cell types. 
There was no significant remodeling of  the stroma cells 
or polymorphism; tumor cells were monotonous, small 
cells with focal cytological atypia. Mitotic figures were 
not observed (Figure 2A). The tumor was surrounded by 
a thick capsule, with cells infiltrating the capsule without 
breaking through it (Figure 2B). There was no invasion 
of  tumor cells in blood vessels and no invasion of  the 
surrounding fat tissue. However, malignant cells sur-
rounded blood vessels in the tumor tissue, and the final 
pathological diagnosis was atypical adenoma of  the para-
thyroid gland. The patient was repeatedly followed after 
surgery: she was normocalcemic and became pregnant 
again. The time interval between the two pregnancies was 
15 mo. During the second pregnancy, calcium levels were 
normal, and the patient had no nausea or sickness, but 
in the third trimester her TSH level dropped significantly 
(TSH < 0.05 mIJ/L, normal range 0.4-4.5 mIJ/L). Free 
T3 and T4 remained in the normal range; thus, she was 
not treated with thyrostatic drugs. After the second de-
livery, while lactating, her calcium level rose again (3.48 
mmol/L). Other lab results suggested a recurrence of  hy-
perparathyroidism (high alkaline phosphatase 158 IU and 
PTH 12 pmol/L). The second baby had no convulsions 
or hypocalcemia after birth, unlike the first. A new neck 
ultrasound described a solitary mass measuring 5 mm × 3 
mm × 5 mm in the area of  the previous surgery (Figure 3). 
An enlarged lymph node was present in the pretracheal 
region (lower third of  neck) (Figure 4A). Fine needle as-
piration of  the solitary mass described naked nuclei and 
malignant cells with pronounced macronucleosis and in-
tranuclear inclusions, leading to a diagnosis of  carcinoma 
of  the parathyroid gland. The same cytological descrip-
tion was found in an aspirate of  a pretracheal node, con-
firming metastasis of  the parathyroid carcinoma. Single 
photon emission computed tomography (SPECT) of  the 
neck and mediastinum showed no significant focal uptake 
of  Tc-99m sestamibi in the region of  the neck and medi-
astinum. Shortly after delivery, thyrostatic drugs were in-
troduced in therapy. The patient underwent a second sur-
gery: the tumor mass was resected en bloc, together with 
contiguous tissues to which the tumor adhered. Other 
parathyroid glands were not removed. Tracheoesopha-
geal, paratracheal, and upper mediastinal lymph nodes 
were excised; due to hyperthyroidism total thyroidectomy 
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was performed as well. The pathology report described 
parathyroid carcinoma with mitotic figures, trabecular 
pattern and invasion of  skeletal muscle (Figure 4). There 
were areas of  tumor necrosis, and immunohistochemical 
results showed that the tissue was positive for PTH. Me-
tastases of  the parathyroid tumor were also found in the 
pretracheal lymph nodes. Postoperative hypocalcemia was 
prolonged but not severe. Patient received supplemental 
calcium and vitamin D, together with levothyroxine. In 
further evaluation, the levothyroxine dosage was modi-
fied according to the TSH level. Chromogranin A levels 
were normal (44 μg/L, normal levels < 100 μg/L), and 
there were no elements of  multiple endocrine neoplasia. 

Gradually, the calcium level increased, and vitamin D and 
calcium supplementation were excluded from therapy. A 
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Figure 1  Doppler ultrasound of parathyroid gland 
showing well-defined hypoechoic mass with color 
signals of few surrounding vascular structures and 
Tc-99m sestamibi planar scan with pinhole collima-
tor, 10 min  post injection.

Figure 2  Pathology image of atypical adenoma. A: No significant remodeling of stroma cells or polymorphism, tumor cells are monotonous, small cells with focal 
cytological atypia without mitotic figures; B: Pathology image of atypical adenoma with tumour cells infiltrating thick fibrous capsule.

A B

Figure 3  Doppler ultrasound of parathyroid carcinoma: small solitary 
mass in the area of previous surgery.

Figure 4  Pathology image of parathyroid carcinoma. A: Mitotic cells; B: 
Infiltrating skeletal muscle.

A

B
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DISCUSSION
Parathyroid cancer is a rare condition, and only few cases 
have been reported during pregnancy in the literature[9-13]. 
This condition is associated with significant neonatal 
morbidity and mortality, as well as maternal morbidity, 
and it is very difficult to treat[12,13]. In this case report, the 
described patient had two consecutive pregnancies with 
good outcomes both for mother and children, despite 
later poor prognosis for the mother due to malignant 
disease. Hyperemesis gravidarum, e.g., nausea, fatigue and 
weakness, are non-specific symptoms in pregnancy, but 
they are also symptoms of  an elevated calcium level. The 
first pregnancy obscured the diagnosis of  hypercalcemia. 
During the second pregnancy, the patient was normo-
calcemic. This result could be explained by the specific 
physiology of  pregnancy, including hemodilution, hypo-
albuminemia and maternal hypercalciuria, caused by an 
increase of  the glomerular filtration rate. Sickness and 
vomiting in pregnancy usually start before the 9th week 
and, in most cases, resolve by 16 wk of  pregnancy. Oth-
erwise, hypercalcemia is one possible cause. Nausea and 
vomiting are not the only clinical manifestation described 
in similar cases. Some of  those patients have had hyper-
tension, abdominal pain, pancreatitis and pre-eclampsia. 
For all of  these patients, parathyroid carcinoma was di-
agnosed during pregnancy, and most of  them underwent 
surgery in the third trimester[9-13].

Tc-99m sestamibi scintigraphy has been used for the 
detection of  hyperfunctioning parathyroid tissue, includ-
ing parathyroid carcinoma[14]. Tc-99m sestamibi uptake 
correlates with parathyroid oxyphil cell content and the 
size of  hyperfunctioning parathyroid tissue. False-neg-
ative sestamibi scans can occur with parathyroid glands 
that contain predominantly clear cells, small size of  the 

year later, magnetic resonance imaging of  the neck and 
mediastinum showed a lymph node enlarged to 12 mm, 
located dorsally from the right subclavia. The consulted 
oncologist advised that surgical treatment was an option 
(disease was not disseminated at that point), and a third 
surgery was performed, removing all tissue surrounding 
the malignant parathyroid gland, lymph nodes and local 
metastases. Following the surgery, hypercalcemia persist-
ed. Early SPECT images performed 15 min after Tc-99m 
sestamibi injection showed two foci of  radiopharmaceu-
tical uptake anterior to the lower third of  the neck region. 
Delayed tomographic images obtained 2 h after Tc-99m 
sestamibi injection showed no significant focal uptake of  
radiopharmaceutical in the neck and mediastinum region. 
Focal accumulation of  fluorodeoxyglucose (F-18 FDG) 
was observed in several enlarged lymph nodes of  the 
right axillary region, and diffuse F-18 FDG uptake was 
observed in the right breast (Figure 5). Additional ultra-
sonography and fine needle aspiration cytology of  one of  
the enlarged axillary lymph nodes were obtained (inflam-
matory changes). Breast ultrasonography found no sus-
picious-looking lesions. During the last neck exploration 
(fourth surgery), the surgeon described tumor formation 
on the left side of  the neck, with subcutaneous location 
and muscle infiltration. A right paratracheal tumorous 
mass was located behind the right carotid bifurcation. 
The pathology report of  the tissue was identical to that 
described in prior surgeries. Hypercalcemia persisted 
and was difficult to control, even with a combination of  
pamidronate, cinacalcet and loop diuretic. Calcium is a 
tumor marker that indicates a persistence of  small, dis-
seminated, hormonally active metastases. Further F-18 
FDG positron emission tomography-computed tomogra-
phy (PET/CT) evaluation is planned, in addition to a test 
for the HRPT2 mutation.
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Figure 5  Positron emission tomography/low-dose X-ray comput-
ed tomography (positron emission tomography/low-dose com-
puted tomography) with F-18 FDG. Focal accumulation is observed 
in enlarged lymph nodes of the right axillary region and diffuse uptake 
is observed in the right breast.
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hyperfunctioning parathyroid tissue and rapid wash-out 
of  the radiopharmaceutical from parathyroid cells[15]. A 
finding of  focal accumulation of  Tc-99m sestamibi in the 
lower third of  the neck on early images and no significant 
uptake of  radiopharmaceutical on delayed images is most 
likely due to rapid wash-out of  Tc-99m sestamibi from 
the tumor cells.

Following the first surgery, the next scan was nega-
tive. F-18 FDG PET/CT is recognized as a powerful 
tool to detect tumors, especially malignant ones, due to 
the increased glucose metabolism of  tumor cells[16]. FDG 
PET/CT is used in parathyroid carcinoma to detect re-
current disease. A negative finding on FDG PET/CT is 
most likely due to small tumor size.

There are no official guidelines for the treatment of  
hyperparathyroidism in pregnancy; even less is known 
about how to treat parathyroid carcinoma. The options 
are a conservative approach or surgery. Both approaches 
carry the risk of  drug and procedure side effects, though 
the risk imposed by the elevated calcium level is some-
times greater. If  surgery is an option, it should be per-
formed in the third trimester of  pregnancy. A literature 
analysis described 16 cases of  primary hyperparathyroid-
ism treated surgically after 27 wk of  gestation, and car-
cinoma was found in a high percentage: 12.5% of  cases. 
These patients had a low postoperative incidence of  clini-
cally significant complications for both the fetus and the 
mother[17]. When overt hyperparathyroidism is diagnosed 
in the postpartum period, surgery is the first choice of  
treatment. If  parathyroid cancer is suspected (on the basis 
of  the clinical picture and cytology, even before confir-
mation by pathology report), complete surgical resection 
with negative margins and removal of  surrounding lymph 
nodes is the recommended course of  action. In this case, 
the first pathological report was atypical adenoma. Atypi-
cal parathyroid adenomas have some histological findings 
that are suggestive of  cancer but not enough to make the 
diagnosis. Atypical adenomas have a thick capsule, fibrous 
trabeculae, and a trabecular growth pattern with nuclear 
pleomorphism; they have no local or vascular invasion 
and no lymph node or distant metastasis[18].

This case suggests that any unusual parathyroid his-
tology should be reviewed, and re-resection should be 
performed if  there is suspicion of  carcinoma. In such 
cases, pregnancy should not be a reason for withholding 
aggressive surgery, especially in very young patients.

COMMENTS
Case characteristics
A 24-year-old female patient with parathyroid carcinoma and two consecutive 
pregnancies.
Clinical diagnosis
Hypercalcemia, hyperparathyroidism.
Differential diagnosis
Adenoma of the parathyroid gland.
Laboratory diagnosis
Calcium, 3.62 mmol/L (normal range, 2.14-2.53 nmol/L); ionized calcium, 1.87 
mmol/L (normal range, 1.18-1.32); phosphorus, 0.53 mmol/L (normal range, 
0.79-1.42 nmol/L); alkaline phosphatase, 187 U/L (normal range, 64-153 U/L); 

bone alkaline phosphatase, 133 U/L (normal range for premenopausal women, 
14.2-42.7 U/L); intact parathyroid hormone (PTH), 36 pmol/L (normal range, 
1-6.0 pmol/L). PTH in aspirate of right lower parathyroid gland higher than 150 
pmol/L.
Imaging diagnosis
Neck ultrasound; enlarged right lower parathyroid gland (well-defined mass hy-
poechoic to thyroid tissue with a homogenous echo pattern measuring 21 mm 
× 15 mm × 15 mm. Tc-99m sestamibi scan; an area of increased uptake on the 
right side of neck.
Pathological diagnosis
Initial pathological diagnosis atypical adenoma of parathyroid gland; tissue 
made up of main and oxyphil cell-type, no significant remodeling of stroma cells 
or polymorphism, tumor cells monotonous, small cells with focal cytological 
atypia, mitotic figures not observed. Tumor is surrounded by thick capsule; cells 
infiltrate capsule, not breaking through. There is no invasion of tumor cells in 
blood vessels and no invasion of surrounding fat tissue. Next pathology report 
described a parathyroid carcinoma with mitotic figures, trabecular pattern and 
invasion of skeletal muscle.
Treatment
In five years, four consecutive surgeries were performed to remove tissue sur-
rounding the malignant parathyroid gland, lymph nodes and local metastases. 
Hypercalcemia was difficult to control with a combination of pamidronate, cina-
calcet and loop diuretic.
Term explanation
HRPT2 gene or parafibromin is a tumor suppressor gene associated with the 
development of parathyroid carcinoma in both sporadic types and some familial 
clustering cases.
Experiences and lessons
This case report represents a patient with parathyroid carcinoma and two preg-
nancies. Pregnancy itself can obscure proper diagnosis of the disease, as the 
unique physiology of pregnancy can alter clinical findings. It is necessary to be 
aggressive during the surgical treatment of parathyroid carcinoma.
Peer review
This is an interesting case report clarifing the clinical findings of a 24-year-old 
female patient with parathyroid carcinoma and two consequent pregnancies 
with good outcome, despite poor prognosis due to malignant disease. Gener-
ally, the manuscript was straight-forward and well-written on this topic. This 
article is of potential interest to the readers.
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Abstract
The location of an ingested foreign object is often dif-
ficult to determine by X-ray if gastric air bubbles are 
not clear in the image. Methods that provide negative 
contrast can facilitate precise object localization, which 
is important for object retrieval and treatment of the 
patient. This case report describes a male child, 2 years 
and 2 mo of age, who accidentally swallowed a lithium 
battery while playing at home. A plain X-ray showed 
that the battery was in the abdomen, but it was un-
clear whether the object was still inside the stomach. A 
second X-ray examination performed after oral admin-
istration of a bloating agent to produce expansion of 
the stomach and provide negative contrast confirmed 
that the ingested battery was still in the stomach. The 
battery was then carefully removed using magnetic and 
balloon catheters under fluoroscopic guidance. This case 
report describes the successful use of an orally admin-
istered bloating agent without pain to the child in order 

to determine the precise location of a foreign object in 
the abdomen.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Accidental ingestion; Bloating agent; X-ray; 
Minimal invasion; Foreign object

Core tip: After ingestion of a foreign object, it is some-
times difficult to determine the object’s exact location, 
which is important for successful retrieval and patient 
recovery. In the present case, an X-ray examination 
was performed after oral administration of a bloat-
ing agent to confirm that an ingested battery was still 
inside the stomach of a pediatric patient. This case 
demonstrates the successful and painless utilization of 
a bloating agent in a child for the diagnostic determina-
tion of an ingested foreign object location.

Tomishige H, Morise Z, Suzuki T, Hara F, Hibi M, Kato T, Hashi-
moto T. X-ray diagnosis with a bloating agent for foreign object 
ingestion. World J Clin Cases 2014; 2(5): 157-159  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i5/157.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i5.157

INTRODUCTION
It is often difficult to determine the precise location of  
a foreign ingested object in a plain X-ray if  gastric air 
bubbles are not clear in the image. We experienced a case 
in which a child who had accidentally swallowed a lithium 
battery was brought to our emergency department. An 
initial X-ray examination was performed, and failed to 
reveal the precise location of  the battery within the abdo-
men. A second X-ray examination performed after oral 
administration of  a bloating agent to produce gastric 
carbon dioxide air bubbles resulted in sufficient exten-
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sion of  the stomach to indicate that the battery was still 
inside the stomach. Thus, we describe the successful use 
of  a bloating agent that can be administered orally and 
without pain to a child, which is useful for determining 
the location of  a foreign object in the stomach.

CASE REPORT
A male child, 2 years and 2 mo of  age, accidentally swal-
lowed a battery while playing at home. He was first taken 
to a nearby hospital and then brought to our hospital 
approximately 4 h after the accident. The general condi-
tion of  the patient was good without any symptoms. The 
foreign object was identified in abdominal plain X-ray 
images, but it was unclear whether the object was inside 
the stomach (Figure 1A). Therefore, a bloating agent 
(Baros Effervescent Granules-S 3.5 g, Horii Pharma-
ceutical Ind., Osaka, Japan) was orally administered to 
provide a negative contrast agent for X-ray imaging. The 
patient was provided with approximately one-fifth of  one 
packet of  the agent with a small amount of  water by his 
mother. This produced gastric air bubbles that expanded 
the stomach. An abdominal plain X-ray examination then 
showed that the battery was inside the stomach (Figure 
1B). A magnetic catheter was inserted from the mouth 
into the stomach without anesthesia. The battery was re-
moved using the attraction of  the magnet, with concomi-
tant use of  a 14 Fr. balloon catheter under fluoroscopic 
guidance (Figure 1C). The foreign object was confirmed 
to be a lithium battery, which was partially darkened due 
to stomach fluid. After removal of  the battery, the gen-
eral condition of  the patient was good.

DISCUSSION
Due to the possibility for serious complications, foreign 
objects such as button-type batteries require an emer-
gency removal from the esophagus[1], or the stomach. 
However, it is often difficult to determine whether the 
accidentally ingested foreign object is present in the 

stomach based on plain X-ray images. In such instances, 
the site of  the object is usually confirmed by instilling 
air through a nasogastric tube to induce stomach expan-
sion. A bloating agent for contrast X-ray can also be used 
to confirm the site of  a foreign object, as the agent can 
extend the stomach and duodenum wall by immediately 
producing carbon dioxide, which at the same time en-
hances the image contrast by increasing the difference 
in X-ray transmittance. The foaming ingredient within 
such bloating agents consists of  sodium hydrogen car-
bonate and tartaric acid. Carbon dioxide produced in the 
stomach is excreted from the oral cavity by eructation, or 
absorbed into the digestive tract and excreted out of  the 
body by gas exchange in the pulmonary alveoli[2]. Some 
reports have recommended the use of  carbonated drinks 
such as cola and soda for stomach expansion[3], however 
such drinks are not always appropriate for infants. Since 
the bloating agent used in our case was slightly sweet and 
sour, the child was able to take the agent without dif-
ficulty when given by his mother. Therefore, we suggest 
that a bloating agent for contrast X-ray is a suitable op-
tion to expand the stomach of  a child who has swallowed 
a foreign object, since the approach is minimally invasive 
and does not require insertion of  a nasogastric tube.

COMMENTS
Case characteristics
A two-year-old boy accidentally swallowed a lithium battery, which needed to be 
retrieved.
Clinical diagnosis
The patient had swallowed a foreign object (a lithium battery), which was lo-
cated in the stomach.
Differential diagnosis
The foreign object (battery) may have been located in the intestine rather than 
the stomach.
Imaging diagnosis
An X-ray performed after a bloating agent was administered allowed for stom-
ach expansion and negative contrast to confirm that the foreign object (battery) 
was in the stomach and not the intestine.
Treatment
A magnetic catheter and a 14 Fr. balloon catheter were used to remove the 
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Figure 1  X-ray image. A: Initial X-ray image showing the presence of a foreign object in the patient’s abdomen; B: Abdominal X-ray image taken after oral adminis-
tration of a bloating agent. Gastric air bubbles produced after administration of the bloating agent provided sufficient distension and negative contrast to confirm that 
the battery was inside the stomach; C: Chest X-ray image during removal of the foreign object. A magnetic catheter was used in combination with a balloon catheter to 
attract and remove the battery under fluoroscopic guidance.
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magnet.
Experiences and lessons
To treat a child who has swallowed a foreign object, we propose administration 
of boating agent prior to an X-ray, which expands the stomach and provides 
contrast while being minimally invasive and avoiding use of a nasogastric tube.
Peer review
This paper describes a case in which an oral negative contrast media was used 
to localize a foreign body in the upper gastrointestinal tract. The diagnostic pro-
cedure presented in this case report is interesting and useful to other clinicians 
in need of a minimally invasive and painless technique to locate a swallowed 
foreign object.
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a proper diagnosis. We review the need for appropriate 
laboratory testing, which is often neglected in clinical 
practice and which can result in false negative results. 
This review also emphasizes the significance of an ex-
tended testing repertoire necessary for better patient 
management. Despite a strong association of MC with 
HCV infection and other causes that lead to cryoglobulin 
formation, EMC remains a separate entity. Correct di-
agnosis requires proper temperature regulation during 
sample handling, as well as characterization and quan-
tification of the cryoprecipitate. Inclusion of rheumatoid 
factor activity and complement levels in the cryoglobulin 
test-panel promotes better patient management and 
monitoring. Consensus guidelines should be developed 
and implemented for cryoglobulin detection and the 
diagnosis of cryoglobulinemic syndrome, which will re-
duce variability in inter-laboratory reporting.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cryoglobulin characterization; Cryoglobulin 
detection; Essential mixed cryoglobulinemia; Cryoglob-
ulinemic glomerulonephritis; Hepatitis C virus; Renal 
manifestations

Core tip: The diagnosis of essential mixed cryoglobuli-
nemia (EMC) requires thorough laboratory investigation 
to exclude all possible causes of cryoglobulin formation. 
Although cryoglobulin testing is simple, it requires care-
ful temperature regulation to avoid false negative re-
sults. The testing panel should also include cryoglobulin 
quantification and characterization, rheumatoid factor 
activity and complement levels, to better facilitate pa-
tient management. Furthermore, there is a need to 
develop and implement consensus guidelines for labo-
ratory and clinical diagnoses of EMC.
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Abstract
The discovery of a strong association between hepatitis 
C virus (HCV) infection and mixed cryoglobulinemia (MC) 
has led to an increasingly rare diagnosis of idiopathic 
essential MC (EMC). The incidence of EMC is high in re-
gions where there is a comparatively low HCV infection 
burden and low in areas of high infection prevalence, 
including HCV. The diagnosis of EMC requires an ex-
tensive laboratory investigation to exclude all possible 
causes of cryoglobulin formation. In addition, although 
cryoglobulin testing is simple, improper testing condi-
tions will result in false negative results. Here, we pres-
ent a 46-year-old female patient with a case of EMC 
with dermatological and renal manifestations, highlight-
ing the importance of extensive investigation to reach 
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INTRODUCTION
Cryoglobulins (CGs) are abnormal proteins/immuno-
globulins (Igs) that precipitate out of  serum at tempera-
tures below 37 ℃[1]. Initially identified by Winthrobe and 
Buell in 1933 and later named by Lerner et al[2], CGs are 
found in many disorders ranging from autoimmune and 
infectious diseases to malignancies[3-5]. Cryoglobulinemia, 
the presence of  CGs in blood, is significant only when 
the associated symptoms are present[6,7]. Mixed cryoglob-
ulinemia (MC) is strongly associated with hepatitis C vi-
rus (HCV) infection[8-11]. Other causes, including autoim-
mune disorders and other infections, can lead to MC[12]. 
When the cause for MC cannot be identified, the disease 
is termed as idiopathic or essential mixed cryoglobuline-
mia (EMC)[13-15]. An extensive laboratory investigation is 
required to rule out the known conditions associated with 
cryoglobulinemic vasculitis to impart a proper diagnosis 
of  EMC[3,4,16]. Here, we present a 46-year-old female pa-
tient with EMC and briefly review the current laboratory 
methods for diagnosing this syndrome.

CASE REPORT
A 46-year-old female patient presented to the Depart-
ment of  Nephrology after suffering from anuria and 
renal failure for ten days. Prior to admission at our insti-
tute, the patient had already undergone four sessions of  
dialysis in another hospital. The only significant medical 
history for the patient was a laparoscopic cholecystec-
tomy she received two months prior. The patient had no 
history of  hypertension, diabetes mellitus or other renal 
disease.

Upon routine examination, the patient was pale, ic-
teric, apyrexial and normotensive, with facial and pedal 
edema. Palpable purpura was present on both hands. No 
other abnormalities were revealed during the remainder 
of  the systemic examination. Laboratory investigations 
revealed normochromic and normocytic anemia, elevat-
ed total leukocyte counts with neutrophilia, and throm-
bocytopenia. Renal and liver functions were abnormal 
and proteinuria was present (+2 on a dipstick) (Table 1). 
A chest X-ray and an abdominal ultrasound were nor-
mal. There was no evidence of  malignancy or infections 
upon bone marrow biopsy, and all requested cultures 
(blood, urine, and bone marrow) to rule out infections 
were negative. A provisional diagnosis of  vasculitis was 
made.

In the absence of  infections and malignancies, further 
examinations were carried out (Table 1). An immuno-
logical work-up showed low complement levels (C3 and 
C4) and a negative anti-nuclear antibody test, which re-
mained negative at a 6-mo follow-up. Type Ⅱ CGs were 

detected, with a cryocrit of  6% (Figure 1A and B). Tests 
for anti-HCV antibodies and HCV RNA were negative. 
Other tests to evaluate vasculitis were also negative (Table 
1). Renal biopsy showed evidence of  cryoglobulinemic 
glomerulonephritis (Figure 1C and D).

Before vasculitis was suspected, the patient was em-
pirically managed with antibiotics and hemodialysis, but 
did not show improvement. After the diagnosis of  cryo-
globulinemic glomerulonephritis was made, the patient 
was treated with intravenous solumedrol (15 mg/kg body 
weight) for three days, monthly intravenous injections 
of  cyclophosphamide (15 mg/kg body weight) for five 
months, and plasmapheresis. After 14 plasmapheresis ses-
sions, the patient’s renal functions normalized (serum cre-
atinine 1.2 mg/dL) and the cryocrit decreased to 1%. Cry-
ocrit levels subsequently decreased to less than 1% over a 
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Table 1  Laboratory results from a patient with essential 
mixed cryoglobulinemic syndrome

Laboratory investigation Test results (reference ranges)

Complete blood cell counts 
   Hemoglobin      8.5 g/dL (11.5-15.4 g/dL)
   White blood cell count    15200 × 109/L (4.0-11.0 × 109/L)
   Neutrophils   87% (40%-80%)
   Lymphocytes   10% (20%-40%)
   Platelets        23000/L (150-400 × 109/L)
Coagulation profile 
   APTT                     28 s (25.8 s)
   INR                     1.98 (< 1.35)
Renal functions 
   Urea          88 mg/dL (15-39 mg/dL)
   Creatinine 6.2 mg/dL (0.5-1.5 mg/dL)
Liver functions 
   Total bilirubin 6.1 mg/dL (0.2-1.0 mg/dL)
   Direct bilirubin         3.2 mg/dL (0-0.25 mg/dL)
   Alkaline phosphatase         202 U/mL (32-92 U/mL)
   Alanine amino transferase            10 U/mL (10-40 U/mL)
   Gamma glutamyl transferase          204 U/mL (7-64 U/mL)
Bone chemistry
   Calcium   7.5 mg/dL (8.4-10.2 mg/dL)
   Phosphorus 4.4 mg/dL (2.5-4.0 mg/dL)
   Albumin 2.2 mg/dL (3.5-5.0 mg/dL)
Urine detailed report Anuric on admission, later showed 

+2 proteinuria; no red blood cells, 
no cast

Immunological work-up
   Complement 3     0.4 g/L (0.79-1.52 g/L) 
   Complement 4   0.01 g/L (0.16-0.38 g/L)
   Anti-nuclear antibodies Negative 
   ANCA Negative
   Rheumatoid factor activity Positive: 859 IU/mL 

(cut off < 20 IU/mL)
   Anti-cyclic citrullinated peptide Negative 
   Anti-extractable nuclear antigens Weakly positive for anti-Ro52
   C-reactive protein 0.1 mg/dL (cut-off < 0.7 mg/dL)
Viral markers 
   HBsAg Negative
   Anti-HCV Negative
   Anti-HIV Negative
   HCV RNA Not detected

ANCA: Anti-neutrophil cytoplasmic antibodies; APTT: Activated partial 
thromboplastin time; HBsAg: Hepatitis B surface antigens; HCV: Hepatitis 
C virus; HIV: Human immunodeficiency virus; INR: International normal-
ized ratio.



period of  six months. Normal renal function was found 
to be maintained at the one-year follow-up examination.

DISCUSSION
Brouet et al[17] immunochemically classified CGs into 
three types. Type Ⅰ CGs are characterized by the presence 
of  only a monoclonal component, mostly IgMκ, and are 
usually found in patients with lymphoid malignancies 
such as multiple myeloma. Mixed CGs are comprised of  
type Ⅱ, characterized by the presence of  polyclonal Igs 
with a monoclonal component, and type Ⅲ, which con-
tain only polyclonal Igs[17]. Mixed CGs are also associated 
with rheumatoid factor (RF) activity[7,18,19].

MC with or without HCV infection 
Before the discovery of  HCV infection, most cases of  
MC were defined as EMC, without an underlying identifi-
able cause[20]. In the early 1990s, HCV became recognized 
as the major cause of  CG formation, with approximately 
90% of  MC patients having the virus[3]. It has been re-
ported that approximately 50% of  HCV-infected patients 
develop CGs in their blood[6]. The viral particles have also 
been detected in cryoprecipitates[21,22]. Since this discov-
ery, the diagnosis of  EMC has become rare[10,16,23].

Autoimmune or connective tissue diseases[13,14,24,25], 
lymphoproliferative disorders[26] and other infections such 
as bacterial, viral and parasitic[27] infections, have been at-

tributed to MC development. However, 5%-48% of  cases 
with cryoglobulinemic syndrome have still been reported 
as EMC[28-30]. The incidence of  EMC is higher in regions 
with a low prevalence of  HCV infection, and lower in ar-
eas with high HCV prevalence[4]. In Pakistan, more than 
ten million people are infected with HCV[31,32] and there 
is a high burden of  other infections, especially in im-
munocompromised populations[33], which makes the risk 
for EMC lower. Therefore, an extensive and thorough 
examination is required to rule out other causes of  cryo-
globulinemia and properly assign an EMC diagnosis[34,35].

Symptomatic MC
Cryoglobulinemic syndrome was first described by 
Meltzer et al[18] in 1966 as a triad of  symptoms including 
purpura, arthralgia and weakness. The syndrome may 
also involve the visceral organs, including hepatospleno-
megaly[36], glomerulonephritis[37] and lymphadenopathy[30]. 
The presence of  CGs is not always associated with clini-
cal features[24], and low levels of  CGs have been found in 
HCV-infected patients without associated symptoms[4,6,7]. 
During renal replacement therapy for end stage renal dis-
ease, low levels of  CGs have been detected in a substan-
tial number of  non-infected and HCV-infected patients, 
with and without symptoms[33].

Renal manifestations in MC
The incidence and presentation of  renal manifestations 
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Figure 1  Detection of essential mixed cryoglobulinemic syndrome in a female patient. A: Precipitated cryoproteins from the cryoglobulin detection test are 
shown at the bottom of the tube, with a cryocrit measurement of approximately 6%; B: Immunotyping of cryoglobulins at 37 ℃ revealed a mixture of polyclonal im-
munoglobulin (Ig) G and monoclonal IgMκ (black arrows); C: Hematoxylin and eosin-stained renal biopsy showing diffuse moderate mesangial proliferation, numerous 
wireloop lesions and hyaline thrombi in capillary lumina (black arrows) (magnification × 200); D: Periodic acid-Schiff staining from the same biopsy showing extensive 
hyaline thrombi in the capillary lumina (arrow) (magnification × 200).
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globulinemia[46]. Similarly, a low C-reactive protein has 
also been observed in the serum of  patients with MC, 
not related to systemic lupus erythematosus[19,47].

CG quantification can be done in various ways, in-
cluding total protein or immunoglobulin content of  
cryoprecipitates, cryocrit determination[45], gel-based 
semi-quantitative tests[48] and other methods[49,50]. Deter-
mination of  levels using a cryocrit is less cumbersome 
and more informative, though it should be noted that a 
cryocrit is less sensitive and specific than quantification 
of  washed cryoproteins[44]. CG characterization provides 
valuable information that aids in long-term patient man-
agement[45,49]. Patients with type Ⅱ CGs should be closely 
monitored for B cell lymphoma development, especially 
in patients that are difficult to treat[6,15]. Lack of  standard-
ization and an incomplete testing repertoire inadvertently 
lead to distrust of  laboratory results by the treating physi-
cians and undermine the significance of  CG detection 
in suspected cases, which may poorly affect patient man-
agement[4,45,49,50]. This is very important given that better 
treatment options are increasingly becoming available to 
manage this rare yet troublesome disorder[41,51,52].

Diagnosis of cryoglobulinemic syndrome: Diagnostic 
versus classification criteria
Varied clinical presentation and insignificant correla-
tion of  CG concentration with clinical manifestations 
have made the diagnosis of  cryoglobulinemic syndrome 
quite difficult. Thus, various diagnostic and classification 
criteria have been proposed to facilitate in the diagnosis 
of  this condition[7,53,54]. Diagnostic criteria are based on 
major and minor laboratory and clinical features[54], and 
preliminary classification criteria have been proposed, 
including a questionnaire regarding symptoms, laboratory 
findings (including CG types, complement levels, RF ac-
tivity and HCV presence) and organ involvement[7]. Diag-
nostic and classification criteria indicate that the presence 
of  CGs in serum is the gold standard for a cryoglobulin-
emic vasculitis diagnosis. Moreover, the presence of  clini-
cal features consistent with this syndrome in the absence 
of  CGs warrants repeat testing for these proteins given 
the possibility for false negative results[7,53].

In conclusion, despite a strong association of  MC 
with HCV infection and other causes that can lead to 
CG formation, EMC remains a separate entity. Accurate 
diagnosis requires a thorough laboratory investigation to 
rule out the known causes of  MC. Correct laboratory di-
agnosis not only requires proper handling of  the samples 
for CG detection, but also quantification of  the amount 
of  cryoprecipitate and identification of  the type of  CGs 
present. Other tests, such as RF activity and complement 
levels (C3 and C4), should be included in the testing 
panel to ensure better patient management and monitor-
ing. There is a need to develop and implement consensus 
guidelines for the detection of  CGs and cryoglobulinemic 
syndrome to reduce variability in inter-laboratory report-
ing and to establish the diagnostic criteria for this clinical 
syndrome.

in HCV-associated cryoglobulinemia is well document-
ed[10,11]. In non-HCV cryoglobulinemia, including EMC, 
the evidence of  renal manifestations is predominantly 
confined to case reports[29,38-42]. It is important to note 
that most of  the data on renal manifestations in EMC 
have come from studies on French populations[16,28,30,34]. 
In a multicenter French study comprised of  20 HCV-
negative patients with renal manifestations, 50% of  the 
patients had EMC[16]. In this study, microscopic hematu-
ria and hypertension were the most common presenting 
clinical features, followed by nephrotic range proteinuria 
and renal insufficiency. In a separate French study, which 
contained 33 patients with type Ⅱ CGs, 13 (39%) of  the 
patients had EMC. Of  these patients, eight (62%) had re-
nal involvement, with four of  those suffering from renal 
insufficiency[34]. In a Dutch study of  22 non-HCV pa-
tients with type Ⅱ CGs, seven (32%) were found to have 
EMC, of  which six patients had renal involvement[35].

CG detection and testing repertoire
Detection of  CGs requires stringent temperature control, 
a fact that cannot be stressed enough. It is imperative to 
maintain the sample temperature at 37 ℃ from the time 
the sample is collected until separation of  the serum[43]. 
Failure to keep samples at 37 ℃ will result in false nega-
tive results[4,44,45]. In our own experience, centrifuges even 
those lacking a heater-with a wide temperature range (e.g., 
0 ℃-40 ℃) can be used to separate serum at 37 ℃. This 
can be achieved by preheating the instrument with an 
initial dry run at > 37 ℃ and then immediately transfer-
ring the samples from a 37 ℃ incubator to the centrifuge. 
Once centrifugation is complete, the samples should be 
immediately taken out of  the centrifuge and placed in a 
37 ℃ incubator until the supernatant can be separated. 
Adherence to this protocol helps to avoid red blood cell 
contamination, which can hinder the visibility of  CGs.

Although cryoglobulinemic syndrome was first identi-
fied in 1933, the significance of  a proper CG detection 
assay and awareness for the condition is still not fully 
recognized. A large European survey of  140 laboratories 
revealed that only 37 (26%) were following the appropri-
ate standard procedure for CG detection[45]. The report-
ing of  CG positive results should include quantification 
and characterization of  these proteins, RF activity and 
complement (C3 and C4) levels[5,44,45]. Although CG con-
centration does not correlate well with disease activity, 
CG levels, along with RF activity and complement levels, 
are useful in monitoring the disease[5,19].

This case report highlights the importance for proper 
and thorough investigation of  a patient in order to di-
agnose cryoglobulinemic syndrome in the absence of  
infections (including HCV) and other known causes of  
MC. Furthermore, the quantification and characterization 
of  CGs is important, as the decrease in cryocrit level in 
the present case correlated well with clinical remission. 
Although repeated anti-nuclear antibody tests were nega-
tive, there was a weak positivity for anti-Ro52 antibodies, 
which can be found in various conditions, including cryo-
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COMMENTS
Case characteristics
A 46-year-old female presented with anuria, acute renal failure and palpable 
purpura.
Clinical diagnosis
The patient was diagnosed with essential mixed cryoglobulinemic syndrome.
Differential diagnosis
Vasculitis causing acute renal failure was ruled out.
Laboratory diagnosis
The following laboratory tests were acquired from the patient: negative cultures, 
anti-nuclear antibodies, anti-neutrophil cytoplasmic antibodies, anti-hepatitis C 
virus (HCV) and HCV RNA, and positive cryoglobulins (CGs) with low C3 and 
C4 levels and high rheumatoid factor (RF) activity.
Imaging diagnosis
The patient had normal chest X-ray and abdominal ultrasound reports.
Pathological diagnosis
Hematoxylin and eosin staining, in addition to periodic acid-Schiff stains from a 
renal biopsy, showed evidence of cryoglobulinemic glomerulonephritis.
Treatment
The patient was treated with intravenous injections of solumedrol and cyclo-
phosphamide, and plasmapheresis, which improved her condition.
Related reports
Essential mixed cryoglobulinemia (EMC) is rare and requires a thorough exami-
nation to rule out other known causes. A complete work-up for cryoglobulinemic 
syndrome, including quantification and characterization of cryoprecipitates, 
complement levels and RF activity, is required for proper management and 
monitoring.
Term explanation
Cryoglobulinemia is a disorder in which CGs precipitate out of the blood at 
temperatures lower than 37 ℃ and is often associated with hepatitis C viral 
infection.
Experiences and lessons
Early recognition, extensive diagnostic work-up and proper patient manage-
ment, including regular follow-ups and immunological monitoring, resulted in a 
favorable patient outcome in this study.
Peer review
This case report with a mini-review highlights the importance of a thorough 
investigation for the rare and often neglected diagnosis of EMC. This article 
will be of great benefit to clinicians as it increases the awareness regarding 
the clinical utility and proper testing and interpretation of cryoglobulin detection 
assays.
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Abstract
Pancreatic tuberculosis (TB) is a rare condition, even in 
immunocompetent hosts. A case is presented of pan-
creatic TB that mimicked pancreatic head carcinoma 
in a 40-year-old immunocompetent male patient. The 
patient was admitted to our hospital after suffering for 
nine days from epigastralgia and obstructive jaundice. 
Computed tomography revealed a pancreatic mass that 
mimicked a pancreatic head carcinoma. The patient 
had undergone an operation four months prior for tho-
racic TB and was undergoing anti-TB therapy. A previ-
ous abdominal ultrasound was unremarkable with the 
exception of gallbladder steroid deposits. The patient 
underwent surgery due to the progressive discomfort of 
the upper abdomen and a mass that resembled a pan-
creatic malignancy. A biopsy of the pancreas and lymph 
nodes was performed, revealing TB infection. The pa-
tient received a cholecystostomy tube and recovered 
after being administered standard anti-TB therapy for 
15 mo. This case is reported to emphasize the rare 

contribution of pancreatic TB to pancreatic masses and 
obstructive jaundice.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anti-tuberculosis therapy; Pancreatic head 
carcinoma; Pancreatic tuberculosis; Pancreatic mass; 
Tube cholecystostomy

Core tip: Pancreatic tuberculosis (TB) is rare in immu-
nocompetent or immunosuppressed hosts. We report a 
case of a 40-year-old immunocompetent host with pan-
creatic TB that mimicked pancreatic head carcinoma 
with obstructive jaundice. The patient had previously 
been operated on for thoracic TB and was receiving 
anti-TB therapy. We report this case to emphasize rare 
causes of pancreatic masses and obstructive jaundice, 
and to discuss alternate treatments for pancreatic TB.

Yang YJ, Li YX, Liu XQ, Yang M, Liu K. Pancreatic tubercu-
losis mimicking pancreatic carcinoma during anti-tuberculosis 
therapy: A case report. World J Clin Cases 2014; 2(5): 167-169  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i5/167.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i5.167

INTRODUCTION
Pancreatic tuberculosis (TB) is a rare occurrence in either 
immunocompetent or immunosuppressed hosts; human 
immunodeficiency virus (HIV)-infected patients only have 
a 0.46% incidence[1]. Isolated pancreatic TB is predomi-
nantly observed in areas of  widespread TB dissemination 
such as a military setting. Currently, there are few reports 
detailing pancreatic TB cases, and none of  the patients 
were receiving anti-TB therapies at the time of  diagnosis. 
Here, a case of  pancreatic TB is presented in an immu-
nocompetent host that was receiving anti-TB treatment. 
This article highlights the importance of  understanding 
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this rare disease as a cause of  pancreatic masses and ob-
structive jaundice.

CASE REPORT
In July 2012, a 40-year-old male patient was admitted to 
our hospital after suffering from epigastralgia and jaun-
dice for nine days. Upon eating, the patient complained 
of  nausea and a worsening pain that radiated to his back. 
An abdominal examination revealed sensitivity in the up-
per abdomen without hepatosplenomegaly or ascites. The 
patient’s medical history revealed that he had been previ-
ously diagnosed with thoracic TB and had undergone an 
operation for a thoracic abscess four months prior. Since 
his diagnosis, the patient was treated with a multi-drug 
anti-TB regimen that included 300 mg/d isoniazid, 600 
mg/d rifampicin, and 750 mg/d ethambutol.

The patient did not present with signs of  any immu-
nosuppressive diseases and a serological test for HIV was 
negative. Laboratory tests revealed the following: 9.75 × 
109 white blood cells (WBC)/L [reference range (RR): 4.0 
- 10.0 × 109 WBC/L], 30.5 μmol/L total bilirubin (RR: 
5.0 - 28.0 μmol/L), 24.5 μmol/L direct bilirubin (RR: < 
8.8 μmol/L), 135 U/L alanine aminotransferase (RR: < 
55 U/L), 64 U/L aspartate aminotransferase (RR: < 46 
U/L), 715 U/L gamma glutamyl transpeptidase (RR: 6 
- 46 U/L), 335 U/L alkaline phosphatase (RR: 47 - 138 
U/L), and 66.84 U/mL carbohydrate antigen 199 (RR: < 
22 U/mL).

Computed tomography (CT) revealed a soft tissue 
shadow in the head of  the pancreas. The lesion, which 
was necrotic and calcified, measured 5.6 cm × 4.2 cm and 
mimicked a pancreatic head carcinoma. CT images also 
revealed upstream biliary dilatation and multiple lymph-
adenopathies surrounding the head of  pancreas, the vena 
cava and the liver artery. The celiac trunk and descending 
part of  duodenum could not be clearly identified in the 
lesion, suggesting that the above areas were involved. A 
pancreatic neoplasm with multiple lymph node metastases 
was suspected after CT (Figure 1). A chest CT revealed 
small nodes in the superior lobe of  the left lung and in 

the lower lobes of  both lungs. As the patient had a medi-
cal history of  TB, the abdominal ultrasound taken four 
months prior was reexamined, but found to be unremark-
able with the exception of  steroid deposits in the gallblad-
der. Progressive discomfort in the patient’s upper abdo-
men and the identification of  a potential malignancy via 
CT led to the decision to operate and perform a biopsy.

Caseous necrosis and lymphadenectasis was ob-
served during the biopsy procedure. Subsequently, a 
cholecystostomy tube was placed. Samples from the 
lymph nodes and biopsies of  the mass were obtained 
for histopathologic examination. Ziehl-Neelsen stain-
ing revealed caseous granulomatous inflammation and 
necrosis with acid-fast bacilli (Figure 2). The presence of  
Mycobacterium tuberculosis DNA was confirmed within the 
biopsy samples by polymerase chain reaction (PCR). The 
patient was therefore administered the standard anti-TB 
therapy of  300 mg/d isoniazid, 600 mg/d rifampicin, 1.5 
g/d pyrazinamide, and 750 mg/d ethambutol for nine 
months followed by six months of  300 mg/d isoniazid, 
600 mg/d rifampicin, and 1.5 g/d pyrazinamide. The pa-
tient recovered quickly and was without abdominal pain 
during the 15 mo of  treatment.

DISCUSSION
Pancreatic TB is extremely rare, even in immunocompro-
mised hosts, and this rarity is attributed to the resistance 
provided by the pancreatic enzymes[1,2]. Despite its rarity, 
pancreatic TB can occur even when patients are under-
going the standard anti-TB drug (ATD) regimen, as was 
demonstrated by the case reported here. A diverse spec-
trum of  symptoms can arise during pancreatic TB, rang-
ing from abdominal discomfort, obstructive jaundice, fe-
ver, loss of  appetite or nausea, to night sweats and weight 
loss[3,4]. Imaging of  the pancreas by ultrasound or CT has 
demonstrated that pancreatic TB can mimic a pancreatic 
neoplasm[4-6]. When this is the case, pancreatic head carci-
noma must also be considered during the operation. We 
report the present case to emphasize alternate, though 
more rare, causes of  pancreatic masses and obstructive 
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Figure 2  Histopathology of lymph node biopsies. Ziehl-Neelsen staining 
of a lymph node biopsy from the pancreatic region revealed granulomatous 
inflammation with necrosis and acid-fast bacilli (black arrow; magnification × 
400).

Figure 1  Computed tomography of a pancreatic tuberculosis lesion. Com-
puted tomography revealed a necrotic and calcified cystic lesion (white arrows) 
with well-defined margins in the head of the pancreas; the lesion mimicked 
pancreatic head carcinoma.



jaundice.
According to the literature, endoscopic ultrasound-

guided fine needle aspiration biopsy (FNAB) and a PCR-
based approach are recommended for pancreatic TB 
diagnosis[7-9]. However, FNAB is not always employed 
due to the increased risk for pancreatitis and tumor dis-
semination. Thus, an operation with an incisional biopsy 
represents a more specific diagnostic modality and an ef-
fective therapy for pancreatic abscesses. Current literature 
also promotes the use of  standard ATD therapy for six 
to twelve months as an effective strategy to treat pancre-
atic TB in a majority of  cases[1,2,7,10]. As pancreatic TB can 
occur during treatment, however, ATD may be an insuf-
ficient therapy for patients. In the present case, we feel 
that an operation accompanied by cholecystostomy tube 
placement aided in treating the patient.

In conclusion, the case report emphasizes a rare cause 
of  pancreatic mass and obstructive jaundice, and shows 
that an operation and tube cholecystostomy in combina-
tion with ATD therapy are an effective treatment for 
pancreatic TB.

COMMENTS
Case characteristics
A 40-year-old male patient with a history of thoracic tuberculosis (TB) presented 
with epigastralgia and jaundice while receiving anti-TB therapy.
Clinical diagnosis
An abdominal examination revealed sensitivity in the upper abdomen without 
hepatosplenomegaly or ascites.
Differential diagnosis
Pancreatic carcinoma and pancreatitis.
Laboratory diagnosis
The following laboratory results were obtained: 9.75 × 109 white blood cells/L; 
30.5 μmol/L total bilirubin; 24.5 μmol/L direct bilirubin; 135 U/L alanine ami-
notransferase; 64 U/L aspartate aminotransferase; 715 U/L gamma glutamyl 
transpeptidase; 335U/L alkaline phosphatase; 66.84 U/mL carbohydrate antigen 
199.
Imaging diagnosis
Computed tomography revealed a necrotic and calcified cystic lesion in the 
head of the pancreas that measured 5.6 cm × 4.2 cm and resembled a pancre-
atic malignancy.
Pathological diagnosis
Biopsies of the lymph nodes and mass revealed caseous granulomatous infla-
mmation and necrosis with acid-fast bacilli; a polymerase chain reaction-based 
approach confirmed the presence of Mycobacterium tuberculosis DNA.
Treatment
After surgery, the patient was administered the standard anti-TB regimen of iso-
niazid, rifampicin, pyrazinamide, and ethambutol for nine months followed by a 
regimen of isoniazid, rifampicin, and pyrazinamide for an additional six months.
Related reports
TB is most often observed as necrotic granulomas within the lungs. Extrapulmo-
nary TB, however, accounts for approximately 10%-30% of all cases and more 
than 5% of patients have abdominal involvement. In the abdominal cavity, TB pre-
dominantly affects the peritoneum, gastrointestinal tract (especially the ileum and 

cecum), liver, spleen, and lymph nodes. Pancreatic TB is extremely rare, likely 
due to resistance provided by pancreatic enzymes, and may occur as a result of 
bacterial dissemination from lymph nodes in the area. Pancreatic TB is often con-
fused with pancreatic malignancy in clinical and radiological examinations.
Term explanation
TB is a disease caused by Mycobacterium tuberculosis bacteria. While the bacteria 
predominantly affect the lungs, they can also damage other parts of the body. 
Pancreatic TB occurs when these bacteria affect the pancreas. Pancreatic TB 
is extremely rare and can mimic a carcinoma, lymphoma or cystic neoplasia.
Experiences and lessons
This case report highlights pancreatic TB as a rare cause of pancreatic masses 
and obstructive jaundice that can mimic pancreatic head carcinoma and be 
treated via  tube cholecystostomy in combination with anti-TB therapy.
Peer review
This article presented with the case report of a pancreatic TB which mimicking 
pancreatic head carcinoma in an immunocompetent host. After anti-tuberculin 
therapy, the patient recovered soon. This report is interesting and informa-
tive that provides useful information of rare disease as a cause of pancreatic 
masses and obstructive jaundice.
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developed pneumomediastinum, pneumorachis and 
subcutaneous emphysema, apparently caused by ALL 
or chemotherapy in the author’s opinion, and eventu-
ally died.

Cruz-Portelles A. Pneumomediastinum after acute lympho-
blastic leukemia and chemotherapy? World J Clin Cases 
2014; 2(5): 170-171  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i5/170.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i5.170

TO THE EDITOR
I read with interest the article presented by Showkat et 
al[1], where the authors reported a 14-year-old male under 
chemotherapy for acute lymphoblastic leukemia (ALL) 
who developed pneumomediastinum, pneumorachis and 
subcutaneous emphysema of  apparently unknown ori-
gin. In this case, the doctors assumed that the cause was 
chemotherapy or ALL, but there are some points I would 
like to consider.

Pneumomediastinum or mediastinal emphysema is 
characterized by the entry of  air or other gas into the 
mediastinum most commonly resulting from air escaping 
from the upper respiratory tract, intrathoracic airways, or 
gastrointestinal tract. Gas can also be generated by certain 
infections or reach the mediastinal space from outside air 
after trauma or surgery (Table 1)[2].

This particular patient could have been suffering from 
an idiopathic cause of  pneumomediastinum (Hamman’s 
syndrome)[3], and there are different processes that can 
explain this condition apart from ALL or chemotherapy: 
(1) patients who receive chemotherapy frequently vomit 
and this is a recognized cause of  pneumomediastinum; 
and (2) pneumomediastinum per se is frequently benign 
but oxygenation in this patient was progressively deterio-
rating. What was the etiology of  his respiratory arrest? 
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Abstract
Pneumomediastinum, pneumorachis and subcutaneous 
emphysema are frequently benign and most commonly 
result from air escaping from the upper respiratory 
tract, intrathoracic airways, or gastrointestinal tract. 
Gas can also be generated by certain infections or 
reach the mediastinal space from outside air after trau-
ma or surgery. In the article presented by Showkat et 
al  a 14-year-old male patient with acute lymphoblastic 
leukemia (ALL) under chemotherapy developed pneu-
momediastinum, pneumorachis and subcutaneous em-
physema. In the author’s opinion, these complications 
were caused by ALL or chemotherapy that progressed 
to severe respiratory failure until the patient finally 
died in the intensive care unit. I would like to underline 
some important points, which have been raised follow-
ing a paper published in the October issue of World 
Journal of Clinical Cases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute lymphoblastic leukemia; Pneumome-
diastinum; Pneumorachis; Chemotherapy; Case report

Core tip: In the article presented by Showkat et al , the 
authors reported a 14-year-old male with acute lym-
phoblastic leukemia (ALL) under chemotherapy who 
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Did he develop a tension pneumothorax that could ex-
plain the respiratory arrest and the deteriorating respira-
tory condition? What happened while the patient was in 
the intensive care unit? What was the cause of  death in 
this patient?

Pneumothorax in the supine patient may be difficult 
to diagnose and must be considered or it will be missed. 
Occasionally, tension pneumomediastinum may occur, 
although this is usually of  greater clinical likelihood in 

pediatric patients. Concomitant pulmonary interstitial 
emphysema will result in further respiratory embarrass-
ment secondary to compression of  lung parenchyma 
by interstitial air, and decreases in both ventilation and 
perfusion, especially after mechanical ventilation. Tension 
pneumopericardium could complicate the presentation 
and impair venous return and cardiac function[4]. Air em-
bolism or pneumocephalus are infrequent but could be 
ruled out[4,5]. No computed tomography scans or X-rays 
were mentioned later in the evaluation. Different inves-
tigations are not clear in this case that could help in the 
diagnosis.

In my opinion, chemotherapy or ALL per se does not 
explain the mechanism of  production of  pneumomedias-
tinum, pneumorachis or subcutaneous emphysema. This 
association was possibly a coexisting condition instead of  
a complication of  ALL or chemotherapy as the authors 
affirm. Unfortunately, there was no autopsy to establish 
the final diagnosis.
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Table 1  Etiology of pneumomediastinum

Upper respiratory tract
   Head and neck infections
   Facial bone fractures
   Dental procedures
   Mucosal disruption
   Tracheotomy
Lower respiratory airways
   Chest trauma
   Foreign body
   Neoplasm 
   Alveolar rupture: trauma, biopsy, surgery, pleurotomy 
Wind instrument playing
Scuba diving
Mechanical ventilation
Gastrointestinal tract
   Pneumoperitoneum
   Pneumoretroperitoneum
   Esophageal perforation (e.g., Boerhaave’s syndrome)
Gas producing germs infection
   Bacterial mediastinitis
   Head and neck infections
Marijuana smoking and cocaine inhalation
Vomiting
Seizures
Coughing, sneezing, hiccupping
Heavy lifting
Air travel
Heimlich maneuver 
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Abstract
Human papillomavirus (HPV) has been implicated in the 
pathogenesis of a subset of oropharyngeal squamous 
cell carcinoma. As a result, traditional paradigms in re-
lation to the management of head and neck squamous 
cell carcinoma have been changing. Research into HPV-
related oropharyngeal squamous cell carcinoma is rap-
idly expanding, however many molecular pathological 
and clinical aspects of the role of HPV remain uncertain 
and are the subject of ongoing investigation. A detailed 
search of the literature pertaining to HPV-related oro-
pharyngeal squamous cell carcinoma was performed 
and information on the topic was gathered. In this ar-
ticle, we present an extensive review of the current lit-
erature on the role of HPV in oropharyngeal squamous 
cell carcinoma, particularly in relation to epidemiology, 
risk factors, carcinogenesis, biomarkers and clinical 

implications. HPV has been established as a causative 
agent in oropharyngeal squamous cell carcinoma and 
biologically active HPV can act as a prognosticator with 
better overall survival than HPV-negative tumours. A 
distinct group of younger patients with limited tobacco 
and alcohol exposure have emerged as characteristic of 
this HPV-related subset of squamous cell carcinoma of 
the head and neck. However, the exact molecular mech-
anisms of carcinogenesis are not completely understood 
and further studies are needed to assist development of 
optimal prevention and treatment modalities.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Human papillomavirus; Human papillomavi-
rus; Oropharynx; Oropharyngeal; Squamous cell carci-
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Core tip: Human papillomavirus has been accepted as 
a causative agent in a subset of head and neck squa-
mous cell carcinoma (SCC), particularly of the tonsils 
and base of tongue. Importantly, there is an increasing 
incidence of this subset of patients, who demonstrate 
improved prognosis and may respond more favourably 
to treatment. Similarities and differences are evident 
between cervical and oropharyngeal human papilloma-
virus-related SCCs and the comparison between these 
tumours warrants further investigation to better under-
stand the disease process.
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is 
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the sixth most common type of  cancer worldwide with 
approximately 633000 new cases diagnosed and 355000 
deaths annually[1]. Over the past 10-15 years, the tradi-
tional paradigms of  HNSCC have been changing sig-
nificantly. It has emerged as a heterogeneous group of  
diseases, with distinct molecular genetic changes[2,3].

Human papillomavirus (HPV) has been linked to the 
pathogenesis of  squamous cell carcinoma (SCC) since the 
1970s[4] and, in 1995, it was recognised by the Interna-
tional Agency for Research on Cancer (IARC) that high 
risk HPV types 16 and 18 were carcinogenic in humans[5]. 
The role of  HPV in cervical cancer is well described[6], 
however high risk HPV types are also linked with other 
ano-genital tumours and with SCCs of  the head and 
neck[7,8], as well as potentially playing a role in cutaneous 
SCCs[9]. HPV accounts for roughly 4.8%-5.2% of  the to-
tal global cancer burden, making it the highest among all 
viruses[10,11]. 

Since it was first suggested in 1983[12] and first iden-
tified in 1985[13], HPV infection has been increasingly 
recognized as a major aetiologic factor for HNSCCs, par-
ticularly a subset that arise from the oropharynx, mostly 
the base of  tongue and palatine tonsils[14-16]. This subset 
is seen as a distinct clinicopathological entity in com-
parison to the traditional smoking and alcohol related 
HNSCCs[16-20]. Specific genetic changes induced through 
HPV E6 and E7 protein expression define this sub-
set[21-23]. In contrast, tobacco associated HNSCCs are usu-
ally more genetically diverse[24]. HPV-related tumours of  
the oropharynx display specificity of  HPV to the tumour 
cell nuclei[16], integration of  HPV DNA into the host 
cell[16,25] and high viral copy numbers[26], giving evidence 
for the functional role of  HPV in the pathogenesis of  
these tumours.

HPV-related SCC tends to display unique histology 
characterized by poorly differentiated, non-keratinising 
morphology with a basaloid appearance[17,27]. Neverthe-
less, even some true basaloid squamous cell carcinomas 

of  the oropharynx have demonstrated HPV-positivity[28], 
and other variants such as papillary SCC, adenosquamous 
carcinoma, lymphoepithelial carcinoma-like tumours and 
small cell carcinoma have been associated with HPV in-
fection[29-34].

It is estimated that the probability of  a cancer of  
the oropharynx being attributable to HPV is five times 
higher than the oral cavity, larynx or hypopharynx[35], with 
HPV-related oropharyngeal SCC being described as an 
epidemic[36-40]. Current data from studies that assessed in 
situ hybridization or HPV E6/E7 mRNA suggest that 
HPV-related HNSCC is rare in the oral cavity, larynx, hy-
popharynx and other HNSCC sites[35], however the role 
of  HPV in non-oropharyngeal sites remains unclear[41] 
and a causative relationship at these sites has not been 
established[42].

We review the current literature regarding HPV-relat-
ed oropharyngeal tumours with regard to epidemiology, 
risk factors, carcinogenesis, biomarkers and clinical impli-
cations. A summary is shown in Figure 1.

HUMAN PAPILLOMAVIRIDIAE
HPV is an epitheliotropic, non-enveloped DNA virus 
measuring approximately 55 nm in diameter, and car-
ries a single molecule of  circular double-stranded DNA, 
consisting of  approximately 8000 base pairs[43]. The ge-
nome is broken down into three regions which consist 
of  a long control region (LCR), an early (E) region and a 
late (L) region. There are eight genes in the E region and 
two in the L region. These genes in E and L encode viral 
proteins while LCR is an upstream non-coding regulatory 
region containing the origin of  viral DNA replication and 
transcriptional regulatory elements.

At present, over 200 different genotypes of  papil-
lomaviridiae, characterized by at least 10% nucleotide 
divergence in capsid gene (L1)[44], have been identified by 
various techniques[45]. These can be classified according 
to similarities in their DNA sequences. They have also 
been grouped into mucosal (mostly of  the alpha genus) 
or cutaneous (mostly of  the beta genus) types based on 
their tropism for specific epithelia and they can be classi-
fied into low and high risk types based on their capacity 
to promote malignant transformation in host cells. Of  
these, HPV 16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 
59, 66, 68, 73 and 82 are examples of  those classified 
as high risk viruses, detectable in high grade squamous 
intraepithelial lesions in the cervix or in invasive cancer; 
while HPV 6, 11, 40, 42, 43, 44, 54, 61, 72, 81, and 89 
can be considered as viruses with low oncogenic risk and 
can be isolated from low grade epithelial lesions of  the 
cervix. There remain a number of  HPV types that are 
potentially high risk with an unknown oncogenic poten-
tial. There exists some degree of  intratypic variation[46,47], 
which may also relate to pathogenesis[48-50], as well as geo-
graphic variation in genotype prevalence[46,51].

HPV is one of  the most powerful human carcinogens. 
The E6 and E7 genes produce E6 and E7 oncoproteins, 
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Figure 1  Summary of key points. HPV: Human papillomavirus; SCC: Squa-
mous cell carcinoma.

Epidemiology

Risk factors

Carcinogenesis

Biomarkers

Clinical
implications

Increasing incidence of HPV-related oropharyngeal SCC

Most cases attributable to HPV-16

HPV-related SCCs associated with younger age at
presentation, sexual behaviours, oral HPV infection
immunodeficiency, male gender and higher 
socio-economic status

Distinct molecular genetic alterations mediated by E6 
and E7 oncoproteins, similar to cervical SCC
Affected downstream pathways similar to non 
HPV-related SCC

Controversy over the use of p16 as a surrogate 
biomarker
Findings in many of the studies on biomarkers have 
been inconsistent or contradictory

HPV-related oropharyngeal SCCs represent a different
clinical entity with potential for de-escalation of therapy
The effects of prophylactic HPV vaccination on 
oropharyngeal SCC remain unclear



which confer the virus with oncogenic potential through 
their inhibitory effects on p53 and retinoblastoma (Rb) 
proteins, more of  which is discussed later.

EPIDEMIOLOGY
HNSCC includes tumours from a number of  subsites, 
of  which the oropharynx accounts for approximately 
10%[52]. Worldwide, there were an estimated 85000 new 
cases of  oropharyngeal SCC in 2008, of  which 25.6% 
(22000) were estimated to be HPV-related[53]. Of  the 
HPV-related cases, more than three quarters (17000) were 
estimated to be male.

Genotypes of  oncogenic HPV found in cervical 
cancer in order of  prevalence are 16, 18, 58, 33, 45, 31, 
52, 35, 59, 39, 51 and 56[54]. However, the distribution 
of  HPV types differs somewhat in oropharyngeal when 
compared to cervical cancers[55]. A systematic review 
found that HPV-16 was present in 95.7% of  HPV-related 
oropharyngeal SCC, but only 73.9% of  HPV-positive 
non-oropharyngeal HNSCCs[56], while only approximately 
61% of  cervical cancer display HPV-16[57]. While a signifi-
cant number of  other oncogenic HPV types are found in 
cervical cancer, only a small proportion of  oropharyngeal 
cancers may be caused by additional HPV types such as 
18, 31, 33, 35, 52 and 58[58,59]. HPV-16 is the commonest 
genotype found in oral cavity infection[60], while it con-
stitutes over 90% of  the genotype distribution in tonsil 
cancers[61].

Prevalence of  oral high risk HPV infection in the gen-
eral population is reported at 3.5%-3.7%[62,63], with higher 
rates for those also infected with HIV[64]. A systematic re-
view of  the literature in 2005 reported detection of  HPV 
DNA in 35.6% of  oropharyngeal tumours[65]. However, 
there exists a wide geographic variation, with a reported 
prevalence as high as 72%[59] in North America com-
pared to 17% in southern Europe[53], 12.6% in Taiwan[66] 
and even as low as 4.4% reported in central Europe and 
Latin America[67]. Some of  these figures are based on the 
assumption that detection of  high-risk HPV DNA in tu-
mour tissue signifies cancer attributable to HPV, however 
this does not delineate from the effects of  tobacco expo-
sure and alcohol in these cases. It has been recorded that 
HPV accounts for approximately 7.7% and 2.2% of  all 
cancer cases in developing and developed countries, re-
spectively[10]. The variations could partly be explained by 
geographic and temporal heterogeneity in sexual behav-
iours and tobacco exposure[41]. A more recent systematic 
review in 2012 reported a prevalence of  HPV in oropha-
ryngeal SCC of  59.9% in the United States, compared to 
39.7% in Europe and 32.5% in the rest of  the world[56]. 
There are limited data from less developed regions, but 
the incidence appears much lower. 

Despite the variation in prevalence, case control stud-
ies conducted around the world show strong and con-
sistent associations of  markers of  HPV exposure with 
risk of  oropharyngeal cancers, even after adjustment for 
important HNSCC risk factors such as age, gender and 

tobacco and alcohol use[41].
While incidence of  other HNSCCs has decreased 

over the past two decades, correlating with decreased 
tobacco use, the age-adjusted incidence of  oropharyn-
geal SCC has been increasing in this same period[68,69], 
particularly of  the base of  tongue and tonsil region[70]. 
Meanwhile the population-level incidence of  HPV posi-
tive oropharyngeal SCC increased by 225% between 1988 
and 2004, with a concomitant decline by 50% for HPV-
negative oropharyngeal SCC[59]. A particularly steep rise 
of  over 70% has been reported for prevalence of  HPV-
related oropharyngeal SCC in the past decade, with prev-
alence in Europe increasing at a faster rate than North 
America[56]. This rise further emphasises the predilection 
of  HPV for the oropharynx and suggests that it plays a 
less significant role in other HNSCCs. 

With the rise in HPV-related oropharyngeal SCC cou-
pled with the decline of  HPV-related cervical SCC, it has 
been suggested that the annual numbers of  HPV-related 
oropharyngeal cases could soon surpass that of  cervical 
cancer[41].

RISK FACTORS
HNSCCs, including those of  the oropharynx, have tradi-
tionally been strongly associated with patients who have a 
long history of  heavy smoking and alcohol consumption, 
with previous studies clearly showing a dose-response 
relationship with the frequency and duration of  tobacco 
and alcohol exposure[71]. Age of  onset is generally in an 
older age group (usually seventh decade) in these tra-
ditional HPV-negative oropharyngeal SCCs. Other risk 
factor associations with these tumours include poor oral 
hygiene[72,73], a diet low in fruit and vegetable consump-
tion[74,75] and chronic inflammatory disease in the oral 
cavity[76-78].

Age
The distinct subset of  HPV-positive oropharyngeal SCCs 
generally present at a younger age, averaging a few years 
lower than HPV-negative tumours[39]. Although phe-
notypically similar to those in older patients, HNSSCs 
developing in younger patients are undoubtedly different 
at a genetic level with both germline and somatic differ-
ences seen[3,79-82]. One study showed that patients under 
55 had a 3.4-fold higher risk of  infection with carcino-
genic HPV[83], while a strong association has been dem-
onstrated with HPV-16 infection and tonsillar cancer in 
males under 40 years old[84]. Increasing incidence of  oro-
pharyngeal SCC is seen in those aged under 60[85], with a 
particularly steep rise seen between the ages of  50-59[86], 
although it is possible this may be due to other risk factor 
exposures in this birth cohort.

Sexual behaviours
HPV-related oropharyngeal SCCs also show strong as-
sociations with sexual behaviours, correlating with dis-
ease[87]. In a large number of  studies, both HPV-positive 
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HNSCCs and oropharyngeal SCCs have been strongly 
associated in comparison to other HNSCCs with number 
of  lifetime sexual partners, number of  vaginal, oral and 
anal sexual partners, young age at first intercourse/earlier 
sexual contact and history of  sexually transmitted dis-
eases, including genital warts[27,83,87-93]. After adjusting for 
HPV-16 serology, the associations in a case-control series 
were no longer significant, suggesting that sexual behav-
iours can be seen as a surrogate for HPV-16 exposure[27]. 

Data from a number of  developed countries show 
that markers of  high-risk sexual behaviours, such as ear-
lier ages of  sexual debut, practice of  premarital sex, aver-
age number of  lifetime partners, and practice of  oral sex, 
have all increased among recent birth cohorts[94].

Oral HPV infection
Oral HPV is predominantly acquired via sexual trans-
mission and oral HPV prevalence has been associated 
with some of  the above sexual behaviours. Studies have 
demonstrated increased HPV acquisition around sexual 
debut with oral HPV prevalence of  1.5% in 12-15 year 
olds, 3.3% in 16-20 year olds and 4.5%-6.9% in healthy 
adults[62,63,89,95]. Higher oral HPV prevalence has been re-
ported in women with cervical HPV infection[96,97], and 
people infected with Human Immunodeficiency Virus 
(HIV)[96,98]. Several studies and some case reports have 
described concordant oral HPV infection between cou-
ples[99-102], however preliminary results from the HPV oral 
transmission study in partners over time (HOTSPOT) 
have not backed up these findings.

It has even been suggested that non-sexual HPV 
transmission through kissing may be possible[95,103], as 
well as intrapartum transmission[104] and transmission 
during laser surgery[105]. In itself, oral HPV-16 infection is 
a strong risk factor for oropharyngeal cancer, while the 
relationship is not necessarily clear for oral SCCs[106,107]. 
However, oral HPV prevalence is lower than cervical, 
perhaps explained by a lower proportion in oral-genital 
than genital-genital partners[55], but the natural history of  
HPV infection in the oral cavity appears similar to cervi-
cal infections[108]. Although type-specific concordance is 
low, HPV infection of  the cervix and oral cavity are not 
independent[109] and so cervical HPV infection could be 
considered a risk factor for oral cavity HPV infection. 
Although the full natural history of  HPV infection in the 
oral cavity and oropharynx is not entirely understood, 
there is an estimated incidence of  4.4% per year with 
most infections being cleared within one year[110]. How-
ever, changing sexual practices are potentially leading to 
higher rates of  infection that could become recalcitrant 
to immune responses.

Tobacco and alcohol exposure
Evidence of  a role for tobacco exposure and alcohol use 
in HPV-related oropharyngeal SCCs and in oral HPV in-
fection is equivocal, with some studies reporting positive 
association and suggesting smoking-induced immuno-
suppression or potentiation of  carcinogenesis could play 
a role, while others report no association[41]. A role for 

tobacco smoking in cervical cancer, however, has been 
demonstrated, although this association becomes weak 
after adjustment for sexual and reproductive factors[111]. 
In comparison to traditional HNSCCs, these patients are 
less likely to have excessive tobacco exposure and alcohol 
use[16,88,112], however HPV-related oropharyngeal SCCs do 
occur in both in those with tobacco exposure and alco-
hol use and in those without. It is highly plausible that 
tobacco exposure potentiates the effects of  HPV carci-
nogenesis[113] but a role in the causation of  HPV-related 
oropharyngeal SCCs has not been definitively determined 
from available evidence[35]. Marijuana use has also been 
associated with oropharyngeal SCCs[87,114], however after 
adjustment for sexual behaviour variables in one study, 
this disappeared[62].

Gender 
Both HPV-related and non HPV-related HNSCC exhibit 
male predominance at a ratio of  approximately 3:1. In 
tobacco and alcohol related HNSCC, this difference 
has decreased particularly as trends in smoking have 
changed, with 43% of  men and 30% of  women smoking 
in 1974 compared to 26% of  men and 21% of  women 
in 2000[115]. Nonetheless, the difference still remains for 
HPV-related HNSCC and the reason for this is uncertain. 
The male predominance exhibited cannot be fully ex-
plained by difference in sexual behaviours, which suggests 
potential biologic differences between men and wom-
en[41,116], or that some male characteristic preferentially 
predisposes to cancer of  the oropharynx[117]. It has been 
suggested that hormonal differences[55,118] or the potential 
protective immunity from seroconversion in response to 
cervical HPV infections among women[119,120] may play 
a role. Although not all studies agree[63], the majority of  
studies report that oral HPV infection is more common 
in men than women[62,121,122]. It has also been suggested 
that transmissibility of  oral HPV may be higher for men 
performing oral sex on women, possibly due to a higher 
HPV copy number in the vagina/cervix[94]. 

Immunodeficiency
Immunodeficiency is a risk factor for a large number of  
tumours and HPV-related oropharyngeal SCC is included 
in that. For example, it is reported that patients infected 
with human immunodeficiency virus (HIV) have a 2-6 
times increased risk of  HPV-related HNSCC[123,124], al-
though they are at greater risk of  ano-genital SCCs than 
oropharyngeal[125]. It has been demonstrated in cervical 
cancer patients that immunosuppression leads to HPV 
persistence and disease progression[126-128]. The association 
of  a deficient immune system with increased HPV-related 
HNSCC may partly explain any potential association with 
tobacco exposure due to the immunosuppressive effects 
of  smoking[129], with one paper demonstrating a reduced 
antibody response in smokers[130].

Socio-economic status
HNSCCs have been associated with patients from a low 
socio-economic group for many years[131]. However, HPV-
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related oropharyngeal SCCs are associated with patients 
who are from a higher socio-economic group and who 
have a better performance status[132,133], although this has 
been refuted in one study[116]. Nonetheless, white males 
seem to be particularly at risk, with a rise in incidence 
reported in this group alone[59,85,116]. HPV positivity in 
oropharyngeal cancer is lower in African Americans than 
in other racial groups, with poorer survival in this racial 
group from oropharyngeal SCC, because a higher pro-
portion is related to tobacco and alcohol exposure[134,135].

HPV serology
There is a strong association between serologic evidence 
of  HPV infection and HNSCC risk, even after adjust-
ment for other HNSCC risk factors[106]. One study has 
even shown a temporal association, with pre-diagnostic 
serum samples from ten years prior that were positive for 
HPV-16 capsid antibodies conferring an increased risk of  
oropharyngeal SCC of  14.4[136], while patients with pre-
diagnostic E6 seropositivity had a significantly higher risk 
of  oropharyngeal cancer in another study[137].

It is evident that a number of  factors can facilitate or 
increase the risk of  HPV-related oropharyngeal SCCs. 
This includes oral HPV infection, male gender, younger 
age, white race, immunosuppression and a variety of  sex-
ual behaviours. Differences in sexual behaviours across 
age and gender and consequent HPV exposure risk could 
account for the rapidly increasing incidence of  HPV-
related oropharyngeal SCCs among younger patients. 
Interestingly a separate specific subgroup of  younger 
females with non HPV-related oral cavity SCCs has also 
been identified[138].

CARCINOGENESIS
The model for development of  SCC involves exposure to 
carcinogens over time leading to progressive genetic and 
epigenetic changes that accumulate and lead to premalig-
nant and eventually malignant lesions. However, HNSCC 
is a heterogeneous disease with a number of  subtypes de-
scribed, based on histological appearance, and supported 
by different gene expression profiles[139,140]. Squamous 
cell carcinomas from different sites in the body share a 
number of  molecular characteristics but recent whole-
exome sequencing[141-144] has helped to characterise the 
specific molecular pathogenesis of  HNSCC with roles 
identified for tumour suppressor pathways including p53, 
Rb/INK4/ARF and NOTCH[145]. A role for cancer stem 
cells in HNSCC is likely, based on recent evidence[146-149], 
and further study of  these progenitor cells will help to 
elucidate mechanisms of  carcinogenesis.

Recent deep-sequencing studies on the HNSCC on-
cogenome have demonstrated a vast number of  diverse 
genetic alterations, however most of  these converge on 
four targetable molecular pathways[150]; mitogenic signal-
ling and in particular amplification or up-regulation of  
epidermal growth factor receptor (EGFR) and the down-
stream pathway of  phosphoinositide 3-kinase (PI3K)/
mTOR as well as PTEN inactivation, each leading to 

pathways involving proliferation, DNA repair, survival 
and spread; defective differentiation involving NOTCH 
signalling alterations; cell cycle de-regulation involving in-
activation of  CDKN2A (encoding p16 INK4A ) tumour 
suppressor gene and CCND1 (encoding CYCLIN D1) 
amplification; genomic instability involving loss of  TP53, 
which occurs in a large percentage of  non HPV-related 
HNSCC and is the single most common mutational 
event, and other genes related to DNA damage recogni-
tion and repair. It is possible that smoking and alcohol 
affect distinct genes[151], giving further evidence for a syn-
ergistic effect of  tobacco and alcohol exposure in relation 
to HNSCC carcinogenesis.

HNSCC usually displays field cancerisation, a term 
first coined in 1953[152], whereby specific genetic altera-
tions can be widely distributed throughout the mucosa 
lining the aerodigestive tract even in the absence of  overt 
histopathologic changes of  malignancy[25]. Only a minor-
ity of  precancerous fields in the oral cavity are recognised 
as leukoplakia or erythroplakia[153] and only 6%-36% 
of  patients with leukoplakia or erythroplakia go on to 
develop oral SCC[154], particularly those demonstrating 
aneuploidy[155,156]. The accumulation of  further genetic 
changes in precancerous fields leads to the development 
of  SCC, with presence of  field change leading to a higher 
risk of  multiple synchronous or metachronous primary 
tumours. Exposure to carcinogens bring about these field 
changes, however evidence for a field effect is lacking for 
HPV-related SCC[157] and the risk of  second primary ma-
lignancy in oropharyngeal SCC has markedly decreased 
over time[158], with the mutation rate of  HPV-positive 
tumours only approximately half  of  that found in HPV-
negative HNSCC[141,142]. 

Specific differences in chromosomal alteration and 
gene transcription have been identified between HPV and 
non HPV-related HNSCCs[21,22,159,160]. TP53 mutations, 
loss of  9p21, hypermethylation of  14-3-3σ and RASS-
F1A promoters and overexpression of  cyclin D are all 
common in non HPV-related oropharyngeal SCCs, while 
pRb levels are normal and p16 is often decreased[161,162].

In the cervix, after initial infection at the transforma-
tion zone, viral genomes are maintained as episomes in 
the basal layer, with viral gene expression being tightly 
controlled as the infected cells move toward the epithelial 
surface[163]. Subsequent high-grade neoplasia represents 
an abortive infection in which viral gene expression be-
comes deregulated and the normal life cycle of  the virus 
cannot be completed. The squamous epithelium in the 
cervix and the head and neck derive embryologically 
from endoderm and are susceptible to metaplasia[164]. In 
the head and neck, there is a predilection for HPV-posi-
tive tumours to occur in the reticular crypt epithelium of  
palatine and lingual tonsils and head and neck sites with 
mucosa associated lymphoid tissue[25,165,166]. It is possible 
that this occurs due to the particular microanatomy of  
the crypts, where there are breaks in the non-keratinising 
squamous epithelium that could allow viral entry, while a 
microabrasion theory of  entry to basal cells at other head 
and neck sites has been proposed. Entry may be facilitat-
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ed by M-cells lining the crypt epithelium[167], as with other 
viruses[168,169]. Another theory postulated is an influence 
on HPV carcinogenesis from increased cytokines related 
to nearby lymphoid tissue[170]. The recent observation of  
a distinct set of  embryonic cells at the squamocolumnar 
junction of  the cervix, which seem to confer a particu-
larly high risk of  malignancy, has led to a “top-down” 
theory of  malignancy at this site, although it remains to 
be seen if  this model translates to the oropharynx[171-173]. 
Despite being full of  lymphatic tissue, the tonsils are 
known to harbour pathogenic viruses such as Epstein 
Barr virus, adenoviruses and herpes simplex virus[174], and 
it is the mechanisms of  immune evasion that allow per-
sistent infection and carcinogenic potential at these sites, 
hence immunosuppressed individuals are particularly at 
risk.

From cervical models, we understand that most HPV 
infections last no more than a few months and are elimi-
nated by the immune response, with 90% of  infections 
cleared within two years, although high risk HPV tends to 
persist longer than low risk[175,176]. Once immune evasion 
is established, integration of  HPV DNA into the cellu-
lar genome likely represents a critical step for malignant 
transformation in those individuals who harbour HPV 
in their tonsils[25], with HPV integration representing a 
stochastic process resulting in clonal selection of  aggres-
sively expanding cells that display altered gene expression 
of  integrated HPV genomes and potential perturbations 
of  cellular genes at or near viral integration sites[177]. Viral 
integration can also lead to loss of  E2-mediated inhibi-
tion of  viral oncoprotein expression[178]. Furthermore, it 
has been shown that this HPV DNA integration is con-
sistently centred on tonsil crypt epithelium[25], however 
the factors allowing transformation from episomal HPV 
infection, whether active or latent, to DNA integration 
remain poorly understood. It has also been noted that 
much of  the HPV that is detected in oropharyngeal can-
cers seems to be episomal. 

Based on cervical cancer models, high-risk HPV can 
induce genetic changes in a small number of  those with 
persistent infection which leads to precancerous lesions, 
a fraction of  whom will develop cancer many years af-
ter the original infection. While HPV-related precursor 
lesions in the oral cavity have been identified[179], there 
is an absence of  detectable precancerous lesions in the 
oropharynx[41], perhaps related to the difficulty in assess-
ing and sampling deep tonsillar crypts, the predominant 
location of  HPV-related SCCs[180,181]. Nevertheless, HPV-
related oropharyngeal SCCs present with distinct mo-
lecular profiles, more comparable to cervical SCC than to 
non HPV-related HNSCC[55]. Infection with HPV is likely 
an early oncogenic event in HNSCCs. The viral oncop-
roteins E6 (151 amino acids) and E7 (98 amino acids) of  
high risk HPV types, particularly HPV-16, are implicated 
as the drivers of  transformation in HPV-related oro-
pharyngeal SCCs[182]. These proteins help to re-program 
postmitotic terminally differentiated epithelial cells to re-
enter the cell cycle and express proteins that are required 
for viral genome replication[183]. They also disrupt a num-

ber of  cellular mechanisms through a wide variety of  
downstream effects.

The E5 oncoprotein co-operates with E6 and E7 to 
promote proliferation of  infected cells and is likely to 
facilitate malignant progression[184], although this process 
is likely to take place in the early stages of  carcinogenesis 
because viral integration frequently leads to loss of  E5 
gene expression[185]. Transcription of  E6 and E7 viral 
oncogenes can occur when the virus is episomal how-
ever, in cervical SCC, alteration of  E2 on integration may 
facilitate increased expression of  E6 and E7 oncogenes, 
although this may not be the case in oropharyngeal 
SCC[186]. Viral integration is thought to play an important 
role in cervical SCC but the relevance of  viral integration 
is not fully clear in oropharyngeal SCC[187]. Some studies 
suggest that viral integration in the tonsillar crypts plays 
an important role in carcinogenesis[165,188], which may 
explain the predilection of  HPV-related HNSCCs at this 
site, while other studies suggest that episomal HPV alone 
contributes to the development of  most oropharyngeal 
SCCs in contrast to SCCs of  the cervix[186,187].

In cervical lesions, it is not possible to predict tumour 
progression based on HPV viral load[189]. It has been sug-
gested that high HPV viral load (at least one HPV copy 
per tumour cell) in oropharyngeal SCC predicts active 
HPV infection[190-192]. The proportion of  HPV-positive 
SCCs with high viral load varies between studies from 
33%-77.5%[59,190]. It is possible that in cases of  low viral 
load that HPV presence is coincidental and alternative 
mechanisms of  carcinogenesis are implicated. However, 
gene expression varies widely and so a constitutive rather 
than a high expression of  viral oncogenes may be all that 
is required for HPV-related oropharyngeal carcinogen-
esis[187].

The major role of  E6 oncoprotein is induction of  
ubiquitin-mediated proteolysis, through E6 associated 
protein, leading to degradation of  tumour suppressor 
p53. As p53 usually facilitates repair to damaged host 
DNA by arresting cells in the G1 phase (or else induc-
ing apoptosis), E6 expressing cells face increased mitotic 
stress and genomic instability[193]. E6 aids cellular prolif-
eration by up-regulating transcription of  telomerase[194] 
and also, through the presence of  the PDZ binding mo-
tif, high risk HPV E6 proteins bind to a number of  PDZ 
domain containing proteins with presumed tumour sup-
pressor activity that have diverse functions[183,195]. E6 also 
targets the Wnt and Notch signalling pathways[183].

The E7 oncoprotein causes cell cycle disruption by 
binding and inactivating tumour suppressor proteins of  
the retinoblastoma family (pRb) that regulate cellular 
senescence. E7 thereby causes cell proliferation through 
abnormal entry into the S-phase by the overexpression 
of  released transcription factor E2F[196]. This functional 
inactivation of  pRB also results in overexpression of  p16 
tumour suppressor protein, which is a CDK4A inhibi-
tor, allowing the use of  p16 as a surrogate marker for 
HPV-related oncogenesis[39,197-200], which will be discussed 
further below. E7 proteins also alter cell cycle control 
through interactions with histone deacetylases, cyclins 
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and cyclin-dependent kinase inhibitors[201]. 
Animal models suggest that E7 is the dominant HPV 

oncoprotein in HNSCC[202], but both E6 and E7 directly 
impact upon a number of  apoptotic mechanisms; interac-
tion with extracellular matrix adherence proteins to allow 
anchorage independent growth; interaction with cell sur-
face receptors to resist cytokine induced extrinsic apop-
tosis; and interaction with proteins involved in interferon 
signalling and interleukin to allow immune evasion[201,203]. 

Genomic instability underpins the development of  
dysplasia, malignancy, invasion, and metastasis in can-
cers[204]. While aberrant proliferation induced by E7 is fa-
cilitated by suppression of  apoptosis by E6 mechanisms, 
it is the additional functions of  E6 and E7 to induce 
genomic instability by multiple mechanisms that lead to 
chromosomal mutations. These include centrosome ab-
normalities or spindle checkpoint failure leading to poly-
ploidy, aneuploidy and chromosomal rearrangement[205,206], 
direct DNA damage[207] (which also occurs with viral 
integration[208]), variation in the Fanconi anaemia DNA 
repair pathway and induction of  the ATM-ATR DNA 
damage repair pathway with concomitant disruption of  
checkpoint control mechanisms[201]. Tobacco exposure 
also causes genomic instability and so may help to induce 
malignancy on the background of  E6 and E7 effects, al-
lowing for a role of  tobacco exposure in the potentiation 
of  HPV-related HNSCC, which has been suggested from 
mouse models[209].

Different patterns of  DNA methylation have been 
demonstrated between HPV and non HPV-related HN-
SCCs, with methylation patterns in HPV-related HNSCCs 
more analogous to cervical SCC patterns than non HPV-
related HNSCCs[210]. Excess DNA methylation could 
be recruited by the integrated viral genome rendering it 
invisible to host immune responses or it could be an at-
tempted defence mechanism by the host cell[210]. HPV-
related HNSCCs also have a distinct miRNA profile, also 
more analogous to cervical SCCs, in comparison with 
non HPV-related HNSCCs[211]. Furthermore, differences 
in DNA methylation rate have been identified between 
HNSCCs in tobacco users versus nonusers as well as spe-
cific mRNA and microRNA clusters[212].

While distinct methods of  carcinogenesis are evident 
between HPV-related and non HPV-related HNSCCs, the 
effects on downstream pathways are often the same, such 
as in the case of  mTOR inhibition, either from TP53 
mutations in tobacco related cases or from E6 induced 
degradation of  p53 in HPV-related cases[150]. It is also im-
portant to note that E6 and E7 proteins expressed in low 
risk HPV types do not induce the same changes and that 
HPV present in some HNSCCs may exist as a latent pas-
senger virus with no transcriptional activity[213,214]. New 
roles for HPV oncoproteins are continually being identi-
fied, offering many future potential therapeutic targets[215]. 
In any case, there is a distinct group of  HPV-related 
tumours arising from the epithelium of  lymphoid tis-
sue characterised by viral oncoprotein expression, rather 
than SCCs that arise on a background of  a long history 
of  somatic mutations due to carcinogenic exposures. A 

proposed model of  carcinogenesis in HPV-related oro-
pharyngeal SCC is shown in Figure 2.

BIOMARKERS
Studies have had difficulty identifying clinically useful 
biomarkers in HNSCC[216]. A high degree of  heterogene-
ity is evident in HNSCC, with different prognosis de-
scribed for different subsets of  tumours. This includes a 
favourable prognosis for the growing cohort of  HPV-re-
lated SCCs, particularly oropharyngeal[217], often despite a 
more advanced presentation. This is due to a number of  
factors including the sensitivity of  this subset to chemo-
radiation[133], the lower likelihood of  loco-regional recur-
rence[217] and a younger cohort of  patients with fewer co-
morbidities as well as a possible decreased risk of  second 
primary tumours.

HPV status and p16 status have each proven useful 
as biomarkers in HNSCC. The tumour suppressor p16 
binds to the cyclin D1 CDK4/CDK6 complex, thereby 
helping to keep the Rb protein in its active hypophos-
phorylated form. With pRb functionally inactivated by 
the binding of  HPV E7 oncoprotein, p16 expression 
is upregulated by its corresponding gene being released 
from transcriptional inhibition. In non HPV-related HN-
SCC, downregulation or loss of  p16 protein expression 
is a common early event and is associated with a worse 
prognosis, consistent with the tumour-suppressor role 
it has[204], and oral cavity and hypopharyngeal SCC show 
lower levels of  p16 positivity[218,219]. However, a strong 
correlation has been observed in numerous studies be-
tween integrated HPV detection and p16 protein overex-
pression. As such, p16 has been adopted as a surrogate 
biomarker for HPV-related HNSCC[39,197-200,220,221], with 
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Figure 2  Proposed Theory of human papillomavirus-related carcinogen-
esis. HPV: Human papillomavirus.
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immunohistochemistry for p16INK4A now routinely per-
formed in many laboratories and guides for interpretation 
have been described[199].

Not only can p16 act as a surrogate biomarker for 
HPV status, with 46%-98% of  HPV positive oropha-
ryngeal SCCs demonstrating p16 positivity on pooled 
analysis[200], but, with 3%-51% of  HNSCCs being p16 
positive and HPV negative[200], p16 status can also act as 
an independent prognosticator, regardless of  HPV sta-
tus[222-225], although not all studies agree on the specific 
effect[214]. Overexpression of  p16 has been found in nor-
mal tonsillar tissue[25,226] and HPV negative tumours, with 
dysregulation of  epigenetic control or multiple transcrip-
tion factors being other mechanisms that lead to aberrant 
expression of  p16[227], some of  which are associated with 
non HPV-related HNSCC carcinogenesis. The lack of  
clarity on p16 expression and discrepancies in interpreta-
tion of  p16 IHC have led to controversy surrounding its 
use as a surrogate biomarker.

Overexpression of  p16 is not evident in a subgroup 
of  HNSCC with active HPV infection[228], 2%-54% in 
pooled analysis[200]. With overexpression of  p16INK4A 
thought to represent activity of  viral oncogenes, it is pos-
sible that HPV positive/p16 negative may represent latent 
HPV infection, which could explain why HPV positive/
p16 negative HNSCCs have a slightly worse progno-
sis[229,230]. Therefore, by combining testing for HPV DNA 
positivity and p16 overexpression, one can eliminate cas-
es related to inactive infection, improving specificity of  
p16 a surrogate biomarker for detection of  biologically 
relevant HPV infection[200]. This has been shown to be as 
reliable as detection of  HPV E6⁄E7 mRNA expression 
by polymerase chain reaction, which is considered the 
gold standard of  testing for transcriptionally active virus 
because HPV-negative HNSCCs and HPV-positive⁄E6 
and E7 mRNA-negative HNSCCs show similar survival 
curves[191]; however E6/E7 mRNA is only used in a small 
number of  centres and is mostly restricted to the research 
laboratory[231]. Equivalent detection may also be possible 
with HPV mRNA ISH and this may be of  more practi-
cal clinical use[232,233]. However, there is currently a great 
degree of  heterogeneity of  HPV assessment techniques 
used in clinical practice depending on location[234].

A large number of  alternative prognostic or predic-
tive biomarkers in HNSCC have been studied, such as 
EGFR, cyclin D1, Bcl-2, cyclin-dependent kinase inhibi-
tor p27, MCM7, DSG3, vascular endothelial growth fac-
tor, p53, ERCC1, RRM1, β-catenin and MET[209,235-240]. 
Some examples of  studies on biomarkers related to treat-
ment response found MMP-7 and EGF to be predictive 
markers of, respectively, resistance to cisplatin and poor 
response to cetuximab[241-243], while survivin overexpres-
sion predicted improved response to radiotherapy[244]. 
However, findings in many of  the studies on biomarkers 
have been either inconsistent or often even contradictory. 
Some biomarkers have not been studied in sufficient de-
tail to draw a firm association[216]. However, EGFR posi-
tivity has been associated with poor survival in HNSCC 
in a number of  studies[245-247], including in HPV-related 

HNSCCs[167,235] (although these tumours generally tend 
not to overexpress EGFR[248]), and an EGFR-targeting 
antibody, cetuximab, has shown benefit in combination 
with radiotherapy for patients with HNSCC[249] so is 
approved for clinical use alone or in combination with 
radiotherapy or chemotherapy. Evidence suggests p16 
may be useful in the context of  analysing treatment re-
sponse to cetuximab[250]. Besides EGFR inhibition, new 
molecular targeted therapies that have an effect on other 
activated molecular signalling pathways such as mTOR, 
Src kinase and IGF-1R inhibitors are being developed[251].

In HPV-related oropharyngeal SCC, there is the po-
tential for translation of  cervical biomarkers given the 
similarities in carcinogenesis between these sites. New 
biomarkers are continually emerging from molecular bio-
logical research which are of  as yet uncertain relevance, 
such as recently discovered distinct squamocolumnar 
junction-related biomarkers[171-173].

It has been suggested that the programmed death 1 
(PD-1):PD-L1 pathway plays a role in HNSCC, particu-
larly in HPV-related oropharyngeal cases[252], by facilitat-
ing HPV-related carcinogenesis in an immune-privileged 
site[253]. Furthermore, an investigation into a panel of  
serum cytokine and chemokine markers revealed signifi-
cantly decreased IFN-γ in HNSCC patients[254], which 
may be caused by inhibition of  T-cell regulation from in-
creased expression of  PD-1:PD-L1. Immune checkpoint 
blockade through a monoclonal antibody that inhibits the  
PD-1 receptor has the potential to play a big role in fu-
ture therapy, because initiation of  anti-tumour response 
is observed on PD-1 blockade in animal studies[255]. 

Personalised therapy may be possible with robust 
biomarker panels and it is detailed molecular analysis, 
such as DNA profiling[204], that may guide biomarker 
development. Limited success of  individual markers to 
predict tumour behaviour has led to attempts to classify 
biomarker “signatures” such as panels of  RNA or pro-
tein expression alterations[256]. It is possible that miRNA 
panels associated with HNSCC subsets may also act as 
biomarkers to improve diagnosis and management[257]. 
Some studies have investigated panels of  predictive bio-
markers in both HPV-related oropharyngeal SCC[258] and 
non-HPV related oropharyngeal SCC[259], however few of  
these are validated[239].

Research on biomarkers in HNSCC is a rapidly 
expanding field, with new potential markers that may 
provide valid therapeutic targets[260], however it is diffi-
cult to demonstrate clinical utility without well designed 
biomarkers or panels undergoing rigorous assessment in 
clinical trials. Hence many questions remain, with HPV 
infection as yet not formally validated as a predictive bio-
marker for any specific treatment modality or agent[256]. 
More practical diagnostics could be achieved through se-
rum[137,239] or radiological[256] biomarkers, however clinical 
utility of  these remains to be proven. There is no standar-
disation of  detection and when p16 expression is used as 
a marker for HPV infection, approximately 10% of  cases 
may be false positives[167], such that a combination of  p16 
overexpression with HPV DNA positivity may currently 
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represent the most practical investigation for biologically 
relevant HPV infection[200] and this has been shown to be 
the most relevant group in terms of  prognosis[261]. The 
relevance of  infection in head and neck cancer outside 
the oropharynx is unestablished and identification of  
robust fingerprints of  HPV carcinogenesis will help to 
improve the estimate of  HPV-related non-oropharyngeal 
HNSCC.

CLINICAL IMPLICATIONS
HNSCC has a huge impact upon quality of  life and 
longevity. Improvements in clinical outcome have been 
forthcoming through advancements in surgical technique, 
radiation oncology and emerging chemotherapeutic and 
biologic agents, however, despite a multidisciplinary team 
approach, treatments remain complex with an associated 
high morbidity and only two new treatments (EGFR an-
tibodies and robotic surgery) have been approved in the 
past 30 years[262]. 

HPV-related oropharyngeal SCC, distinct from other 
HNSCC[39,263], generally presents with a more advanced 
clinical stage, with a higher nodal category[248,264], despite 
lower tumour extent[133,264] and have different tenden-
cies for extracapsular spread and perineural invasion[265]. 
These HPV-related tumours may even be clinically occult, 
but often present with early lymph node metastases[14,266], 
which can be confused with branchial cleft cysts[267]. 
However, tonsil SCCs are long known to present with 
early lymph node metastases[268] and it may be that the 
characteristics of  the affected site itself  facilitate early 
spread or else potentially the depth of  invasion[266].

As stated above, these patients tend to be younger 
and are less likely to have significant exposure to to-
bacco and alcohol. Despite more advanced presentation, 
improved survival, consistently higher than 30%[269], is 
evident in HPV-related oropharyngeal SCC[66,266,270,271], ir-
respective of  treatment modality[133,220,272-276]. It has been 
suggested, therefore, that the current classification system 
for HNSCCs be altered to reflect the different status of  
HPV-related HNSCCs[273].

Detection of  biologically relevant HPV infection is 
best accomplished using HPV E6 and E7 mRNA, how-
ever p16 in combination with HPV DNA correlates well 
and can be a practical alternative[277]. Studies have also 
shown an improved response to therapy from HPV-re-
lated HNSCCs[16,133,278-280]. As a result of  this, it is possible 
that de-escalation of  therapy would be appropriate for 
these tumours to improve associated morbidity and qual-
ity of  life. Considering this, there are currently a number 
ongoing trials. A summary of  some of  these trials is 
shown in Table 1.

There have been conflicting reports on the benefit 
of  cetuximab in HPV-related oropharyngeal SCC. While 
subset analysis in one study suggests improved survival 
for oropharyngeal SCCs in the cetuximab group (al-
though not necessarily HPV-related)[281], others including 
the RTOG 0522 and SPECRUM trials disagree[269,282]. 
Preclinical investigation on treatment effects are limited 

by the sparse number of  HPV-related HNSCC cell lines 
available.

While organ-preservation trials have led to primary 
chemoradiotherapy superseding surgical management 
in HNSCC, there has been renewed interest in transoral 
techniques for oropharyngeal SCC, particularly with the 
introduction of  robotic surgery. Equivalent early on-
cologic outcomes to chemoradiotherapy and improved 
functional outcomes are promising[283]. Some trials involv-
ing transoral surgery are shown in Table 1.

Therapeutic vaccines are novel strategies aimed at 
improving the T-cell mediated immune response to HPV-
related SCCs. Recent phase Ⅰ and Ⅱ clinical trials, some 
in combination with chemotherapy to boost effective-
ness, are investigating these[269,284].

There is currently no single standardized treatment 
for oropharyngeal SCCs, but before recommended 
management strategies are altered, results from random-
ized controlled trials are needed to assess the efficacy 
of  the different treatment modalities available for both 
HPV-positive and HPV-negative oropharyngeal SCC[285], 
although recruitment of  sufficient numbers remains dif-
ficult[265].

Induction of  HPV-specific immune responses by pro-
phylactic vaccination with recombinant HPV virus-like 
particles is likely the key to successful prevention of  per-
sistent HPV infection and the subsequent consequences. 
As such, bivalent and quadrivalent vaccines are now 
widely available and have shown efficacy in prevention 
of  anal, cervical, vaginal, and vulvar pre-cancers in unex-
posed individuals[94,286,287]. Unfortunately, present vaccines 
are only proven to be effective if  given before genotype-
specific infection is established[288], duration of  protection 
remains unclear and cost is high. Given the high specific-
ity of  oropharyngeal cases linked to HPV-16, it is unlikely 
that other genotypes would replace HPV-16, particularly 
in view of  evidence for induction of  cross-genotype im-
munity with genotype-specific immunisation[289].

In relation to the oropharynx, animal model investi-
gation has revealed reduction in development of  HPV-
related oral lesions in immunised cases[290]. Recently, an 
IARC-led study established that a bivalent vaccine used 
for cervical cancer prevention also reduced oral infec-
tions with HPV 16 and 18 by 93.3%[291]. While oral HPV 
infection is a risk factor for development of  HPV-related 
oropharyngeal SCC, pathogenesis is unclear and the lack 
of  an obvious HPV-related precancerous stage does not 
facilitate screening and makes evaluation of  vaccine ef-
fectiveness difficult. Accurate estimates of  HPV-related 
oropharyngeal SCC will help determine the potential role 
of  prophylactic vaccination. It is likely that the effects of  
vaccination on oropharyngeal SCC will only be revealed 
over time through longitudinal studies on incidence be-
fore and after vaccine introduction.

Treatment of  HPV-related oropharyngeal SCC is cur-
rently varied geographically depending on tumour stage, 
patient status including age and co-morbidities, facilities 
available and HPV or p16 status. There remains uncer-
tainty regarding vaccination, cetuximab and de-escalation 
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of  therapy, which will be made clearer through current 
prospective trials, leading to better delineation of  therapy 
for HNSCC subsets. Accurate assessment for biologically 
relevant HPV will be critical to improvement in treatment 
approaches.

CONCLUSION
HPV has been established beyond doubt as a causative 
agent in oropharyngeal SCC and biologically active HPV 
can act as a prognosticator with better overall survival 
than HPV-negative HNSCCs. A distinct group of  young-
er patients with limited tobacco and alcohol exposure 
have emerged as characteristic of  this HPV-related subset 

of  HNSCC. However, the exact molecular mechanisms 
of  carcinogenesis are not completely described and fur-
ther studies are needed to assist development of  optimal 
prevention and treatment modalities.

Despite the large pool of  research on HPV in HN-
SCC, great variation exists in detection techniques. De-
tection of  biologically relevant HPV infection will be 
important for clinical trial design. Also, biomarker dis-
covery will be important not only to identify specific SCC 
subsets, including those that are HPV-related, to allow 
for individualised treatment strategies aimed at decreas-
ing morbidity, but also to clarify the role of  HPV in non-
oropharyngeal sites.

With stored tissue available from the SEER database 
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  Trial Phase Inclusion Arm 1 Arm 2 Outcomes

  RTOG 1016 Ⅲ p16 positive locally advanced 
oropharyngeal SCC

Radiation and concurrent 
chemotherapy

Radiation and 
concurrent cetuximab

Survival, toxicity, locoregional 
recurrence and quality of life

  ECOG E1308 Ⅱ Stage Ⅲ-Ⅳa HPV positive 
oropharyngeal SCC

Complete response to 
induction chemotherapy 

and reduced dose radiation 
with concurrent cetuximab

Incomplete response to 
induction chemotherapy 

and standard dose 
radiation with 

concurrent cetuximab

Survival, toxicity, response, 
quality of life and biomarker 

correlation

  De-ESCALaTE HPV Ⅲ StageⅢ-Ⅳa HPV positive 
oropharyngeal SCC

Cetuximab and concurrent 
radiotherapy

standard concurrent 
cisplatin and 

chemoradiotherapy

Morbidity, quality of life, cost, 
survival and recurrence

  QUARTERBACK Ⅲ Locally advanced HPV-16 positive 
oropharyngeal, unknown primary 
or nasopharyngeal SCC showing 
complete or partial response to 

induction therapy

Reduced dose radiation 
with cetuximab and 

chemotherapy

Standard dose radiation 
with chemotherapy 

Survival, locoregional control, 
toxicity and biomarker 

correlation.

  LCCC 1120 Ⅱ HPV positive and/or p16 positive 
low-risk oropharyngeal SCC

Decreased dose of radiation 
and chemotherapy

Standard radiation and 
chemotherapy

Pathological response rate, 
locoregional control, survival 

and quality of life
  NCT01221753 Ⅱ Locally advanced HPV positive 

oropharyngeal SCC 
Docetaxel/cisplatin/5-

fluorouracil (TPF) 
induction chemotherapy 
followed by concurrent 
chemoradiation using a 
modified radiation dose

N/A Locoregional control, survival 
and toxicity

  SIRS Ⅱ Early to mid-stage HPV positive 
oropharyngeal SCC who receive 

transoral robotic surgery plus a neck 
dissection, where clinically indicated

Observation only Low dose postoperative 
radiation only

Arm 3: Chemoradiation

Rates of locoregional control, 
overall survival and use of 

salvage chemoradiation in the 
observation group

  TROG 12.01 Ⅲ HPV positive oropharyngeal SCC Radiation and cetuximab Radiation and cisplatin Symptoms severity, 
swallowing, quality of life, 

toxicity, survival, locoregional 
recurrence

  ADEPT Ⅲ p16 positive oropharyngeal SCC that 
has undergone transoral resection 

with negative margins

Postoperative radiation 
alone

Postoperative radiation 
with cisplatin

Survival, locoregional control, 
toxicity and quality of life

  NCT01088802 Ⅰ/Ⅱ HPV positive T1-3 oropharyngeal 
SCC

De-escalated radiation 
from 70 Gy to 63 Gy with 
concurrent chemotherapy 

De-escalated radiation 
from 58.1 Gy to 50.75 
Gy with concurrent 

chemotherapy 

Toxicity, quality of life and 
adverse events

  ECOG E3311 Ⅱ Stage III-IVa HPV positive 
oropharyngeal SCC after transoral 
surgery and neck dissection with 

negative margins, no extracapsular 
spread and less than 4 lymph nodes 

involved

Transoral surgery with 
standard radiation

Transoral surgery with 
low-dose radiation

Survival, surgical 
complications, toxicity and 

swallowing

Table 1  Ongoing clinical trials pertaining to treatment of human papillomavirus-related oropharyngeal squamous cell carcinoma

SCC: Squamous cell carcinoma; HPV: Human papillomavirus.
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in only 271 patients[265], there needs to be greater coop-
eration between institutions to improve research into un-
derstanding this disease. Nevertheless, it is likely that the 
key approach in future will be prevention and so further 
studies in prophylactic vaccination, specifically in relation 
to oropharyngeal SCC, are needed.
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Abstract
Epithelial ovarian cancer is the most lethal type of gy-
necologic malignancy. Sixty percent of women who are 
diagnosed with ovarian cancer present with advanced-
stage disease that involves the peritoneal cavity and 
these patients have a 5-year survival rate of less than 
30%. For more than two decades, tumor-debulking 
surgery followed by platinum-taxane combination che-
motherapy has remained the conventional first-line 
treatment of ovarian cancer. Although the initial re-
sponse rate is 70%-80%, most patients with advanced-
stage ovarian cancer eventually relapse and succumb 
to recurrent chemoresistant disease. A number of mo-
lecular aberrations that drive tumor progression have 
been identified in ovarian cancer cells and intensive 
efforts have focused on developing therapeutic agents 
that target these aberrations. However, increasing evi-
dence indicates that reciprocal interactions between 
tumor cells and various types of stromal cells also play 
important roles in driving ovarian tumor progression 
and that these stromal cells represent attractive thera-
peutic targets. Unlike tumor cells, stromal cells within 
the tumor microenvironment are in general genetically 

stable and are therefore less likely to become resistant 
to therapy. This concise review discusses the biological 
significance of the cross-talk between ovarian cancer 
cells and three major types of stromal cells (endothelial 
cells, fibroblasts, macrophages) and the development 
of new-generation therapies that target the ovarian tu-
mor microenvironment. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ovarian cancer; Tumor stroma; Endothelial 
cells; Fibroblasts; Macrophages; Targeted therapy

Core tip: Despite advances in clinical management, 
advanced-stage ovarian cancer is still rarely cured by 
conventional chemotherapy. Substantial efforts have 
been directed to developing new therapies that target 
ovarian cancer cells. However, recent studies have re-
vealed important roles of a variety of stromal cells in 
driving the aggressive behavior of ovarian cancer. Here, 
we discuss: (1) the significance of three major types 
of stromal cells in the progression of ovarian cancer; 
(2) how receptor/ligand-mediated interactions between 
ovarian cancer cells and stromal cells serve as focal 
points for therapeutic intervention; and (3) key exam-
ples of new-generation agents that target stromal cells.

Ko SY, Naora H. Therapeutic strategies for targeting the ovarian 
tumor stroma. World J Clin Cases 2014; 2(6): 194-200  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i6/194.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i6.194

INTRODUCTION
Epithelial ovarian cancer is the fifth leading cause of  
cancer death in women and the most lethal form of  gy-
necologic malignancy[1]. The high morbidity and mortality 
caused by ovarian cancer primarily stems from late diag-
nosis. Sixty percent of  women who are diagnosed with 
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ovarian cancer present with extensive peritoneal carcino-
matosis and these patients have a 5-year survival rate of  
less than 30%[1]. For more than 20 years, tumor-debulking 
surgery followed by platinum-taxane combination chemo-
therapy has remained the standard first-line treatment[2]. 

Although the initial response rate is 70%-80%, most pa-
tients with advanced-stage ovarian cancer relapse within 
18 mo and eventually die from the disease[2]. Substantial 
efforts have been directed to developing new-generation 
agents that target functionally relevant molecular aberra-
tions in ovarian cancer cells[3]. Inhibitors of  poly (ADP-
ribose) polymerase, a DNA repair enzyme, have been 
undergoing clinical trials in patients with BRCA-deficient 
ovarian cancer and have attracted considerable atten-
tion[4]. In addition to agents that target pathways in ovar-
ian cancer cells, agents that target the tumor vasculature 
have been the focus of  intensive clinical investigation[5,6]. 
Increasing evidence indicates that ovarian tumor progres-
sion is driven not only by dynamic interplay between 
tumor cells and endothelial cells but also by other types 
of  stromal cells that are “educated” by tumors to acquire 
properties that are permissive for tumor growth. In this 
article, we provide an overview of  the cross-talk between 
ovarian cancer cells, endothelial cells and two other key 
constituents of  the tumor microenvironment, specifically, 
fibroblasts and macrophages, and discuss examples of  
clinically used and emerging experimental agents that tar-
get these stromal cells.

ENDOTHELIAL CELLS
Of  the cell types that comprise the ovarian tumor mi-
croenvironment, the endothelial cell has been the most 
extensively studied in terms of  its clinical significance. 
A number of  independent studies have identified that 

increased tumor angiogenesis as manifested by high mi-
crovessel density is predictive of  poor outcomes in ovar-
ian cancer patients[7-9]. Angiogenesis is a dynamic process 
that involves the recruitment of  endothelial progenitors, 
growth and maturation of  endothelial cells and vessel 
formation, and is orchestrated by a repertoire of  pro-
angiogenic and anti-angiogenic factors[10,11]. Key pro-an-
giogenic factors include the vascular endothelial growth 
factors (VEGF), platelet-derived growth factor (PDGF), 
fibroblast growth factor-2 (FGF-2), angiopoietin, inter-
leukin (IL)-6 and IL-8. Of  these factors, VEGF-A has 
emerged as the predominant pro-angiogenic factor that 
is highly expressed in ovarian cancers[5,6]. VEGF-A has 
also been identified to be the causative factor of  ascites 
formation by inducing vascular permeability[12].

Intensive clinical efforts have focused on evaluating 
agents that inhibit VEGF signaling. These agents fall into 
two categories: (1) those that inhibit the ligand; and (2) 
those that inhibit tyrosine kinase activity of  the VEGF 
receptors (VEGFR) (Figure 1). Of  the former group, be-
vacizumab has been the most extensively evaluated agent 
in ovarian cancer. Bevacizumab is a humanized monoclo-
nal antibody (mAb) that neutralizes all forms of  VEGF 
and was originally Food and Drug Administration-
approved in 2004 for treatment of  metastatic colorectal 
cancer. Bevacizumab has been evaluated as a single agent 
in the treatment of  patients with recurrent ovarian cancer 
in two pivotal phase II trials. In one of  these studies (AVF 
2949g), the response rate was 15.9% and median overall 
survival (OS) was 10.7 mo[13]. This study was terminated 
early due to a high rate of  gastrointestinal perforations (5 
of  44 patients, 11.4%). In the other study [Gynecologic 
Oncology Group (GOG) 170D], the response rate was 
21.0%, median OS was 16.9 mo, and no bowel perfora-
tions were observed[14]. One possible explanation for 
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Figure 1  Therapeutic strategies to target the tumor 
microenvironment. Shown are examples of different 
strategies and agents that inhibit the regulation of a spe-
cific type of stromal cell or its functional properties. Sev-
eral of these agents are in clinical use, whereas others 
are at different stages of clinical development. VEGF: 
Vascular endothelial growth factors; TAMs: Tumor-
associated macrophages; CAFs: Cancer-associated 
fibroblasts; TGF-β: Transforming growth factor-β; FAP: 
Fibroblast activation protein; CCL2: chemokine (C-C 
motif) ligand 2; VEGFR: Vascular endothelial growth fac-
tor receptor.
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the differences in results of  these trials is that the GOG 
study was limited to patients who had received no more 
than two prior lines of  therapy, whereas 21 of  the 44 pa-
tients in the AVF 2949g study (including the five patients 
who developed bowel perforations) had received three 
prior regimens. Bevacizumab has also been evaluated in 
combination with carboplatin and paclitaxel. In the first-
line setting, two phase III trials (GOG 218 and ICON7) 
reported that progression-free survival (PFS) was in-
creased (by 3.8 and 1.7 mo, respectively) with the com-
bination of  bevacizumab and standard chemotherapy 
followed by bevacizumab maintenance, as compared to 
standard chemotherapy alone[15,16]. In the recurrent set-
ting, two other phase III studies have found that PFS was 
increased by approximately 3.6 mo when bevacizumab 
was combined with standard chemotherapy[17,18]. Another 
ligand-inhibitory agent is aflibercept, a fusion protein that 
acts as a soluble VEGFR decoy. In a phase Ⅱ study of  
aflibercept in patients with recurrent ovarian cancer, the 
rate of  gastrointestinal perforations was found to be low 
(1.4%) but the primary endpoint of  a response rate of  
greater than 5% was not achieved[19]. 

Tyrosine kinase inhibitors (TKIs) represent another 
important class of  anti-angiogenic agents. Sorafenib is an 
oral multi-kinase inhibitor that targets several receptor ty-
rosine kinases including VEGFR-2, VEGFR-3, platelet-
derived growth factor receptor-β (PDGFR-β) and c-kit, 
and also the RAF family of  serine/threonine kinases[20]. 
In a phase Ⅱ trial of  sorafenib monotherapy in patients 
with recurrent ovarian cancer, two of  the 59 evaluable 
patients had partial responses whereas 20 had stable dis-
ease and 30 had progressive disease[21]. Another phase Ⅱ 
study found that sorafenib did not improve efficacy of  
first-line carboplatin/paclitaxel treatment and resulted in 
additional toxicity[22]. Several TKIs that inhibit all three 
VEGFRs and both PDGFRs have been developed such 
as sunitinib, cediranib and pazopanib. Sunitinib has been 
found to have only modest activity as a single agent in 
patients with recurrent ovarian cancer[23,24]. Clinical trials 
are ongoing to evaluate cediranib[25] for treatment of  re-
current ovarian cancer and pazopanib[26] as maintenance 
therapy for patients in remission following first-line plati-
num-taxane chemotherapy.

CANCER-ASSOCIATED FIBROBLASTS 
Cancer-associated fibroblasts (CAFs) constitute the cellu-
lar fibrotic component of  the tumor stroma that is com-
monly described as “reactive” or desmoplastic stroma. 
CAFs are often distinguished from normal quiescent 
fibroblasts by their expression of  markers of  myofi-
broblasts and activated fibroblasts such as a-smooth 
muscle actin (aSMA) and fibroblast activation protein 
(FAP)[27,28]. CAFs derive from multiple cell types. Two 
important sources are mesenchymal stem cells (MSCs) 
and tissue-resident fibroblasts. MSCs are abundant in 
white adipose tissues such as the omentum[29], the most 
commonly involved site in ovarian cancer. It has been 
demonstrated that ovarian cancer cell-derived factors, 

such as transforming growth factor-β (TGF-β) and lyso-
phosphatidic acid, induce normal omental fibroblasts and 
adipose MSCs to acquire features of  CAFs[30,31]. Studies 
of  other types of  tumors have shown that CAFs can 
also derive from bone marrow MSCs that are recruited 
to tumors[32,33]. There is evidence in breast cancer that 
some CAFs derive from tumor cells that have undergone 
epithelial-to-mesenchymal transition[34]. However, a study 
of  ovarian cancer xenograft models found that stromal 
aSMA+ cells did not derive from tumor cells, suggest-
ing that ovarian cancer cells are not a major source of  
CAFs[31]. 

Substantial evidence indicates that CAFs contribute 
to poor survival of  cancer patients by promoting tumor 
cell proliferation, angiogenesis and metastasis[27,28]. In a 
study of  gene expression profiles of  clinical specimens 
of  ovarian cancer, Tothill et al[35] identified that the sub-
set of  cases with the poorest outcomes was character-
ized by a desmoplastic gene signature. As compared to 
normal omental fibroblasts, CAFs more highly express 
IL-6, chemokine (C-X-C motif) ligand 12 (CXCL12) and 
VEGF-A, and are more effective in stimulating growth 
of  ovarian cancer cells and endothelial cells[31]. The abun-
dance of  CAFs in ovarian cancers has been found to 
correlate with microvessel density[36]. CAFs also highly 
express TGF-β, matrix metalloproteinases (MMPs) and 
numerous extracellular matrix proteins[27,28], and stimu-
late invasiveness of  ovarian cancer cells[36]. Furthermore, 
McLean and colleagues identified that propagating ovar-
ian cancer cells with MSCs derived from ovarian cancer 
specimens increased the number of  cancer stem cells[37]. 
These findings suggest that another mechanism by which 
CAFs drive tumorigenesis is by expanding the sub-popu-
lation of  tumor-initiating cells.

Given the profound negative impact of  CAFs on 
outcomes, there have been intensive efforts to develop 
strategies to target this cell population (Figure 1). Several 
approaches to inhibit CAFs have been directed to target-
ing FAP. A humanized mAb to FAP has been found to 
be well-tolerated, but failed to show efficacy in a clinical 
trial of  patients with metastatic colorectal cancer[38]. In a 
preclinical study, a DNA vaccine against FAP inhibited 
tumor growth and increased survival in a mouse colon 
cancer model[39]. A study by Brennen and colleagues ex-
ploited both the expression of  FAP on CAFs and its pro-
teolytic activity. These authors generated a prodrug that 
consisted of  a FAP-specific peptide coupled to a thapsi-
gargin analog as the cytotoxic moiety, and demonstrated 
that the compound induced stromal cell death and inhib-
ited growth of  breast and prostate tumor xenografts[40]. 
Another potential approach to inhibit CAFs is to prevent 
normal MSCs and fibroblasts from transitioning into 
CAFs by blocking TGF-β signaling. A number of  agents 
that inhibit TGF-β signaling have been developed includ-
ing TGF-β-ligand traps, TGF-β antisense oligonucle-
otides and small molecule inhibitors of  the TGF-β type 
I receptor kinase, and several of  these agents have been 
evaluated in clinical trials[41,42]. The utility of  TGF-β in-
hibitors has been little-explored in ovarian cancer. In one 
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study, treatment of  mice with the TGF-β type Ⅰ receptor 
inhibitor A83-01 reduced the fibrotic component of  
ovarian tumor xenografts but did not increase survival 
times[43]. Unlike TGF-β, PDGF does not induce myo-
fibroblastic differentiation but instead stimulates fibro-
blasts to produce mitogenic factors for tumor cells and 
pro-angiogenic factors. Blockade of  PDGFR signaling 
in a mouse model of  cervical cancer has been found to 
inhibit tumor growth and angiogenesis in part by inhibit-
ing FGF-2 production by CAFs[44]. As discussed earlier, 
several TKIs that block VEGFR signaling also inhibit the 
PDGFRs. The impact of  these TKIs on the desmoplastic 
stroma warrants further study as the PDGFRs are often 
highly expressed in CAFs.

TUMOR-ASSOCIATED MACROPHAGES
Macrophages are normally present in the peritoneal 
cavity of  healthy women and are abundant in ascites 
of  ovarian cancer patients[45]. Tumor-associated macro-
phages (TAMs) are the major immune component of  
the tumor stroma[46,47]. Macrophages exhibit polarized 
phenotypes in response to different microenvironmental 
cues. Macrophages that are stimulated with microbial 
agents and interferon-γ exhibit an immunostimulatory 
M1 phenotype. In contrast, TAMs exhibit an immuno-
suppressive M2 macrophage phenotype[46,47]. Polarization 
of  macrophages towards an M2 phenotype is induced 
by stimulation with various cytokines such as IL-6, IL-10 
and leukemia inhibitory factor (LIF) that are present at 
elevated levels in ascites of  ovarian cancer patients[48,49]. 
Chemokine (C-C motif) ligand 2 (CCL2) and TGF-β2 are 
also expressed in ovarian cancer cells and in CAFs, and 
these ligands have been recently shown to induce normal 
peritoneal macrophages to acquire an M2 phenotype[50]. 
CCL2 is also a key chemotactic factor that is responsible 
for macrophage infiltration into tumors[47].  

TAMS are strongly associated with poor outcomes 
in cancer patients[46]. A principal mechanism by which 
TAMs promote tumor progression is by suppressing 
adaptive immunity. The M2 macrophage phenotype is 
characterized by high expression of  immunosuppres-
sive cytokines and chemokines such as CCL17, CCL18, 
CCL22, IL-10 and TGF-β1[47]. IL-10 and TGF-β1 in-
hibit T cell proliferation and dendritic cell maturation[47]. 
CCL18 induces naïve T cell anergy and has been identi-
fied to be the most abundant chemokine present in ovar-
ian cancer patient ascites[51]. CCL17 and CCL22 promote 
recruitment of  T regulatory cells (Treg) cells[52,53]. Treg 
cells suppress activity of  effector T cells and have been 
found to promote ovarian tumor growth and to be pre-
dictive of  poor survival in ovarian cancer patients[52]. 
In addition to expressing factors that suppress adaptive 
immunity, TAMs express MMPs, VEGF-A and other 
growth factors that stimulate metastasis and angiogen-
esis[46,47]. Depletion of  peritoneal macrophages has been 
found to inhibit ascites and peritoneal spread of  ovarian 
cancer in xenograft models[54].

The recruitment of  macrophages and their polariza-

tion towards a tumor-promoting M2 phenotype represent 
two candidate focal points for therapeutic intervention 
(Figure 1). Several approaches have been identified that 
“re-educate” TAMs towards a more tumoricidal M1 
phenotype. Inhibition of  the colony stimulating fac-
tor-1 receptor has been found to inhibit M2 macrophage 
polarization and to block glioma progression in animal 
models[55]. Inhibition of  nuclear factor kB signaling in 
TAMs also induced an M2-to-M1 switch, increased tu-
moricidal activity of  macrophages and led to regression 
of  ovarian tumor xenografts[56]. Activation of  CD40, a 
member of  the tumor necrosis factor receptor super-
family, induced tumoricidal activity of  macrophages in 
mouse models of  pancreatic adenocarcinoma[57]. The 
combination of  agonistic CD40 mAb and gemcitabine 
chemotherapy has been found to be well-tolerated and 
to have anti-tumor activity in a phase Ⅰ study of  patients 
with advanced pancreatic adenocarcinoma[58]. Zoledronic 
acid is clinically used to prevent bone fractures and also 
impairs M2 polarization of  macrophages[59]. CCL2 is an 
attractive target because of  its ability to stimulate mono-
cyte chemotaxis as well as M2 polarization. Neutralization 
of  CCL2 induced regression of  prostate cancer xeno-
grafts[60]. A mAb to CCL2 has recently undergone clinical 
evaluation[61]. Bindarit, an anti-inflammatory compound 
that inhibits CCL2 synthesis, has been found to inhibit 
growth of  breast and prostate tumor xenografts[62]. Tra-
bectedin is an alkaloid that binds the minor groove of  
DNA and disrupts the cell cycle[63]. In a phase Ⅲ study 
of  patients with recurrent ovarian cancer, the combina-
tion of  Trabectedin and pegylated liposomal doxorubicin 
(PLD) was found to increase PFS by 1.5 mo as compared 
to PLD alone[64]. Trabectedin also inhibits production of  
CCL2 and IL-6 and inhibits the differentiation of  mono-
cytes into macrophages[65]. Germano et al[66] recently dem-
onstrated the selective toxicity of  Trabectedin for macro-
phages in xenograft models of  ovarian cancer and several 
other solid tumors. In another recent study, Cieslewicz et 
al[67] identified a peptide (M2pep) that selectively binds 
to M2 macrophages. Administration of  a fusion peptide 
comprising M2pep and a proapoptotic moiety improved 
survival rates of  xenograft-bearing mice[67], raising the 
possibility that the M2pep peptide could be used as a ve-
hicle for delivering cytotoxic agents to TAMs. 

CONCLUSION
Over the past decade, a wealth of  insight has been gained 
into the biology of  ovarian cancer, the fertile nature of  
the peritoneal cavity for carcinomatosis, and the com-
plex networks of  receptor/ligand-mediated interactions 
between tumor cells and stromal cells. Several of  the key 
receptors and ligands serve as molecular targets against 
which new-generation therapeutic agents have been de-
veloped and evaluated. Although several studies have 
yielded promising results, the efficacy of  most stromal-
targeting drugs as single agents seems limited. Several 
challenges remain such as identifying the most effective 
combinations of  these drugs with conventional chemo-

June 16, 2014|Volume 2|Issue 6|WJCC|www.wjgnet.com 197

Ko SY et al . Targeting the ovarian tumor stroma



therapy or with other targeted therapies, minimizing tox-
icity, and determining the appropriate clinical setting for 
their use. 
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Abstract
Atherosclerosis of cerebral vessels is a common cause 
of stroke. Racial differences in the distribution of cere-
brovascular occlusive disease are well documented. 
Extracranial stenosis is more common in Caucasians, 
while intracranial stenosis is more common in Asians, 
Hispanics and African-Americans. Concurrent athero-
sclerosis of extracranial and intracranial vessels is com-
mon in Asians. The incidence of concurrent stenoses 
ranges from 10% to 48% in patients with symptom-
atic cerebrovascular disease. The long-term prognosis 
of these patients is poor and they are at high risk of 
further vascular events or death. The purpose of this 
review is to examine the epidemiology, risk factors, 
stroke mechanism and genetics of concurrent stenoses 
and to discuss strategies for treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Concurrent stenoses of extracranial and in-
tracranial vessels are common in Asians, with an inci-
dence that ranges from 10% to 48% in patients with 
symptomatic cerebrovascular disease. The long-term 

prognosis of these patients is poor and they are at high 
risk of further vascular events or death. The purpose of 
this review is to examine the epidemiology, risk factors, 
stroke mechanism and genetics of concurrent stenoses 
and to discuss strategies for treatment.

Man BL, Fu YP. Concurrent stenoses: A common etiology of 
stroke in Asians. World J Clin Cases 2014; 2(6): 201-205  Avail-
able from: URL: http://www.wjgnet.com/2307-8960/full/v2/
i6/201.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i6.201

INTRODUCTION
Cerebrovascular occlusive disease due to atherosclerosis 
is a common cause of  stroke worldwide. However, there 
are marked racial differences in the distribution of  vas-
cular stenosis. Extracranial stenosis is the most common 
large vessel cause in Caucasians, while intracranial steno-
sis is more prevalent in Asians, Hispanics and African-
Americans[1-4]. Moreover, recent studies suggested that 
concurrent stenoses of  extracranial and intracranial ves-
sels are common in Asians. The purpose of  this review is 
to examine the epidemiology, risk factors, stroke mecha-
nism and genetics of  concurrent stenoses and to discuss 
strategies for investigations and treatment.

EPIDEMIOLOGY
The incidence of  concurrent stenoses ranges from 10% 
to 48% in patients with symptomatic cerebrovascular dis-
ease[2,5-8]. Wong et al[9] found that 21% of  stroke patients 
had concurrent stenoses in Hong Kong. Yang et al[10] 
report 33% of  stroke patients had concurrent stenoses 
in China. Liu et al[8] found that 18% of  stroke patients 
in Taiwan had significant concurrent stenoses. Lee et al[6] 
reported that 48% of  patients with more than 30% extra-
cranial carotid stenosis had concurrent intracranial steno-
ses in South Korea. 
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NATURAL HISTORY OF CONCURRENT 
STENOSES
The long-term prognosis of  ischemic stroke patients with 
concurrent atherosclerosis of  intracranial and extracranial 
vessels is poor and they are at high risk of  further vas-
cular events or death. Our previous studies showed the 
5-year cumulative rates of  mortality, re-stroke and poor 
outcomes were 31%, 41% and 51%, respectively (Figure 
1)[11]. Furthermore, ischemic stroke patients with concur-
rent stenoses and ischemic heart disease have an even 
worse prognosis. The 5-year cumulative rates of  mortal-
ity, recurrent vascular events and combined poor out-
comes were 40%, 50% and 83%, respectively (Figure 2)[12]. 
On the other hand, patients with concurrent stenoses 
and small vessel disease have poorer cognitive and func-
tional outcomes[13]. This may be related to the burden of  
atherosclerosis and synergistic effect of  multiple vascular 
lesions. 

RISK FACTORS ASSOCIATED WITH 
CONCURRENT STENOSES
Our previous studies showed that hypertension[14], dia-
betes mellitus[15], hyperlipidemia[15], recurrent stroke and 
poor pre-stroke modified Rankin scale[16] are associated 
with concurrent stenoses. 

ETIOLOGIES
The major cause of  concurrent stenoses is atherosclerosis 
of  the cerebrovascular circulation which typically affects 
large or medium sized arteries. These vessels range from 
200-850 µm in diameter and are characterized by the ac-
cumulation of  subintimal foam cells[16]. In the carotid 

artery, high risk plaques tend to be severely stenotic[17].  
However, severe stenosis of  the carotid artery is rare in 
Asian patients with concurrent stenosis[11]. Compared 
with extracranial vessels, the adventitia and the media of  
the intracranial arteries are thinner and their internal elas-
tic lamina are fenestrated differently and thicker[18]. Lu-
minal stenosis, lipid area, presence of  neovasculature and 
inflammatory cells are all associated with ischemic stroke 
in the middle cerebral artery (MCA) territory[19]. 

STROKE MECHANISMS
Patients with concurrent stenoses have more symptomat-
ic stenoses, more concomitant perforating artery infarcts, 
pial infarcts, border zone infarcts and more multiple 
embolic infarcts in the territory of  the leptomeningeal 
branches of  MCA (Figure 3)[14]. The topographic patterns 
suggest that the combination of  hemodynamic compro-
mise attributable to concurrent stenoses and artery-to-
artery embolization is a common stroke mechanism in 
these patients[14]. 

GENETICS
Genetic factors may play a role in the development of  
concurrent stenoses on top of  the other well established 
vascular risk factors. Our study showed that genetic poly-
morphisms of  the pathways affecting lipid metabolism and 
homocysteine are associated with concurrent stenosis[15]. 

TREATMENT OF CONCURRENT 
STENOSES
Patients with concurrent stenoses are at high risk of  fur-
ther vascular events or death. The optimal treatment for 
these groups of  patients is still unknown. The American 
Heart Association/American Stroke Association recom-
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Figure 1  Cumulative event-free survival in patients with different intracra-
nial and extracranial lesions. Concurrent (< 70%): Concurrent lesions with < 
70% extracranial stenosis; Concurrent (> 70%): Concurrent lesions with > 70% 
extracranial stenosis; Extracranial only: Extracranial stenosis only; Intracranial 
only: Intracranial stenosis only; Normal: Normal craniocervical vasculature.

Figure 2  Cumulative event-free survival of combined poor outcomes of 
different groups of patients. Normal vessel: Normal craniocervical vasculature; 
Intracranial only: Intracranial stenosis only; Concurrent: Concurrent stenoses.



mend aspirin monotherapy, aspirin/extended-release di-
pyridamole combination and clopidogrel monotherapy as 
the acceptable options for all non-cardioembolic ischemic 
stroke patients[20]. A South Korean study[21] showed that 
the progression of  intracranial stenosis was significantly 
less in patients taking cilostazol (a phosphodiesterase in-
hibitor). 

However, medical treatment for patients with con-
current stenoses is often unsatisfactory[11,12] and surgical 
treatment may be indicated in these patients. Although 
severe carotid stenosis is rare in Asians, patients with se-
vere carotid stenosis are recommended to have a carotid 
endarterectomy[17,22]. Carotid stenting is not recommend-
ed due to high perioperative risks and death associated 
with this procedure[23,24]. 

The Carotid Occlusion Surgery Study trial, which in-
vestigated the relationship between cerebral hemodynam-
ics and cognitive function in stroke patients undergoing 
treatment for unilateral carotid artery occlusion with ex-
tracranial-intracranial arterial bypass (EC-IC bypass), was 
stopped prematurely in 2011 because of  slow recruitment 
and a very low incidence of  ipsilateral symptomatic isch-
emic events in patients assigned to the medical arm[25]. 

The increasing enthusiasm for intracranial stenting 
for significant intracranial stenosis was dampened by the 
significant periprocedural neurological complication rate, 
estimated at 5.3% to 28%[26-30]. The stenting vs aggressive 
medical management for prevention recurrent stroke in 
intracranial stenosis (SAMMPRIS) trial[31] has been halted 
due to the high perioperative risks of  stroke and death 
in the treatment arm. However, the risks may be lower at 
centers with high volume and more experience in these 
stenting procedures. Jiang et al[32] reported on 100 con-
secutive patients from a single center with a 99% success 
rate of  stent placement and 5% risk of  30 d perioperative 
stroke and death. Overall, the current evidence does not 
support the routine use of  intracranial stenting in patients 
with intracranial stenosis. 

TRIALS IN PROGRESS
There are two ongoing randomized treatment trials us-
ing cilostazol in patients with intracranial stenosis. The 
first is the Trial of  Cilostazol in Symptomatic Intracra-
nial Arterial Stenosis Ⅱ in Asia, which is a double-blind, 

randomized trial comparing aspirin (75-150 mg per day) 
in combination with cilostazol (100 mg twice a day) with 
a combination of  clopidogrel (75 mg per day) in pa-
tients with significant MCA or basilar artery stenosis[33]. 
The second is the open-label trial of  Cilostazol-Aspirin 
Therapy Against Recurrent Stroke With Intracranial Ar-
tery Stenosis in Japan, comparing open-label aspirin and 
cilostazol with aspirin alone in patients with symptomatic 
50%-99% stenosis of  the supraclinoid internal carotid 
artery, MCA or basilar artery[34]. These trials may provide 
important information to optimize medical treatment in 
patients with intracranial stenosis.

Concerning the surgical treatment for intracranial ste-
nosis, the Japanese EC-IC Bypass Trial (JET study) is in 
progress to determine the ability of  STA-MCA bypass to 
prevent stroke caused specifically by intracranial stenosis, 
based on evaluations of  hemodynamic ischemia[35,36]. The 
interim analyses of  the JET study suggest that in patients 
with symptomatic intracranial stenosis and evidence of  
hemodynamic ischemia, surgical intervention with EC–
IC bypass is superior to medical management in terms of  
stroke prevention. The final results of  the trial are pend-
ing[36]. 

The Early Stent-assisted Angioplasty in Symptom-
atic Intracranial Stenosis (ESASIS) trial[37] aims to study 
the benefit of  stenting in reducing the risk of  ipsilateral 
stroke, similar to the SAMMPRIS trial. The Data Safety 
Monitoring Board of  the ESASIS study reviewed the 
30 d safety data (combined stroke and death) of  77 ran-
domized patients and found that the safety data of  the 
stenting arm is reassuring when compared with that of  
the medical arm and is better than the high event rate of  
14% being reported in the stenting arm of  the SAMM-
PRIS study. The ESASIS trial is therefore recommended 
to continue recruitment but with close monitoring of  
safety. 

CONCLUSION
Concurrent intracranial and extracranial stenoses are 
common in Asians. The patients have a high risk of  death 
and recurrent vascular events. The risk factors include 
hypertension, diabetes mellitus, hyperlipidemia, previous 
history of  stroke and poor pre-stroke modified Rankin 
scale. The combination of  hemodynamic compromise 
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Figure 3  Magnetic resonance imaging diffusion-weighted images of 
different lesion patterns. A: Concomitant perforating artery infarct and 
pial infarcts; B: Border zone infarcts.
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attributable to concurrent stenoses and artery-to-artery 
embolization is a common stroke mechanism in these 
patients. Optimal treatment for patients with concurrent 
stenoses is still unknown and more studies are needed on 
possible interventions which can improve the prognosis 
of  these patients.
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Abstract
We report a case of a 77-year-old patient with complete 
atrioventricular block. She underwent permanent pace-
maker implantation complicated by right ventricular 
lead perforation. This was suspected on transthoracic 
echocardiogram and confirmed by chest computed 
tomography. The lead was repositioned in the cardiac 
electrophysiology lab followed by an uneventful course 
thereafter. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pacemaker; Lead; Perforation

Core tip: Cardiac perforation should be considered in 
cases of pacing lead malfunction. Chest computed to-
mography is helpful in diagnosing lead perforation and 
can be done without contrast and using a small field of 
view to diminish the effective radiation dose.

Nash G, Williams JM, Nekkanti R, Movahed A. Case of early 
right ventricular pacing lead perforation and review of the litera-
ture. World J Clin Cases 2014; 2(6): 206-208  Available from: 

URL: http://www.wjgnet.com/2307-8960/full/v2/i6/206.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i6.206

INTRODUCTION
Cardiac perforation is a known complication of  lead im-
plantation and should be considered in cases of  post op-
erative lead malfunction. We present a case of  early lead 
perforation diagnosed by chest computed tomography 
(CT). 

CASE REPORT
A 77-year-old Caucasian female with a past medical his-
tory of  hypertension, hyperlipidemia and stage 3 chronic 
kidney disease was brought to the emergency depart-
ment from home, after her family noticed her “passing 
out” while seated in a chair. She was noted to regain 
consciousness within a few seconds. On initial evalua-
tion, her temperature was 36.6 degrees Celsius, blood 
pressure was 116/61 mmHg, pulse was 43 bpm and 
regular, respiratory rate was 12 breaths per minute, oxy-
gen saturation on room air was 99%, physical exam was 
otherwise unremarkable. A sinus node rate of  88 bpm 
with 2:1 atrioventricular block (ventricular rate of  44 
bpm), right bundle branch block and left anterior fasicu-
lar block was noted on a 12 lead electrocardiogram (ECG). 
Exercise myocardial scintigraphy performed one month 
prior to admission was normal. She was not taking any 
medications that could cause iatrogenic bradycardia. Ten 
seconds of  ventricular asystole was noted on inpatient te-
lemetry monitoring prompting insertion of  a temporary 
transvenous pacemaker. Six hours later, a dual chamber 
permanent pacemaker was implanted in the cardiac elec-
trophysiology lab with good post operative sensing and 
pacing thresholds in the atrium and ventricle. Twelve 
hours later she complained of  left upper quadrant ab-
dominal pain. Inpatient telemetry demonstrated 2:1 atrio-
ventricular block with loss of  ventricular capture at high 
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pacing output (Figure 1). Chest X-ray did not show any 
shift in lead positions. A temporary transvenous pace-
maker was reinserted. Ventricular lead perforation was 
suspected. A transthoracic echocardiogram demonstrated 
an echo bright structure protruding into the pericardial 
space. However, the images were suboptimal in quality 
and therefore technically limited to confirm lead perfora-
tion. A localized moderate sized pericardial effusion with 
right ventricular diastolic collapse best seen on M-mode 
imaging (Figure 2) was also noted. She demonstrated no 
clinical signs of  cardiac tamponade. Non contrast chest 
CT confirmed lead perforation (Figure 3) with the tip 
of  the right ventricular lead in the pericardial space. The 
lead was repositioned in the cardiac electrophysiology 
lab under fluoroscopic and echocardiographic guidance 
(Figure 4). Follow up echocardiogram revealed no change 
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Figure 1  Electrocardiogram. Electrocardiogram on the top 
panel taken immediately after permanent pacemaker implan-
tation demonstrates atrial sensing with ventricular pacing (A); 
The electrocardiogram on the bottom panel demonstrates 
failure to capture in the right ventricle with underlying 2:1 
atrioventricular Block (B). The pacing configuration was bi-
polar with high outputs. Notice the prominent pacing spikes. 

Figure 2  Transthoracic echocardiogram. A: Image is an apical 4 chamber view of a transthoracic echocardiogram showing a moderate sized localized pericardial 
effusion with an echo bright structure within the effusion suspicious for lead perforation; B: Image is taken in M-mode and demonstrates right ventricular diastolic col-
lapse suggestive of increased pericardial pressures.

Figure 3  This is an axial view of a non contrast chest computed tomogra-
phy confirming diagnosis of right ventricular lead perforation. The arrow 
points to the perforated lead. There is a pericardial effusion (PE). The right 
ventricle (RV) and left ventricle (LV) are also demonstrated.
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A B

PE RV

LV

Pacemaker lead in pericardium



in the size of  the effusion. There was also resolution of  
right ventricular diastolic collapse. Device interrogation 
demonstrated stable pacing and sensing thresholds in the 
right ventricle. The leads remained in stable position on 
chest X-ray. On follow up 1 wk later the patient was do-
ing well with complete resolution of  the pericardial effu-
sion on echocardiogram. 

DISCUSSION
Complications associated with permanent pacemaker 
implantation include pneumothorax, myocardial perfora-
tion, lead dislodgement or fracture, infection, hematoma, 
erosion and vein thrombosis[1]. The rates of  cardiac per-
foration range from 0.1% to 0.8% for pacemaker leads[2]. 
One should be alerted to the possibility of  cardiac perfo-
ration by a pacemaker lead if  pacing or sensing malfunc-
tion is noted. Most cases of  lead perforation happen dur-
ing or shortly after implant, but cases of  late perforation 
as long as 4.8 years after implant have been reported[3]. 
Chest X-ray has traditionally been used to evaluate lead 
positioning in cases of  suspected pacemaker lead perfo-
ration. Echocardiogram can be used to provide additional 
information such as extent of  pericardial effusion. An-
other option is a non-contrast chest CT utilizing a small 

field of  view to reduce the effective radiation dose. In 
a small case series Henrikson et al[4] demonstrated that 64 
slice Chest CT was able to make the diagnosis of  cardiac 
perforation by a device lead in all suspected cases. Risk fac-
tors for lead perforation include patient characteristics such 
as female sex, age, small body habitus, thin heart walls; 
concomitant therapies such as steroids or anticoagulants; 
implant techniques; and the design characteristics of  the 
lead[2]. Cardiac perforation by a lead can be corrected by 
repositioning it under fluoroscopic guidance in the cardiac 
electrophysiology lab, however surgery may be necessary. 

COMMENTS
Case characteristics
This is a 77-year-old Caucasian female with a past medical history of hyperten-
sion, hyperlipidemia and stage 3 chronic kidney disease who presented with an 
episode of syncope. 
Clinical diagnosis
She had an episode of ventricular asystole while in the hospital and underwent 
permanent pacemaker implantation complicated by lead perforation. 
Differential diagnosis
Ischemic, infectious, iatrogenic and endocrine causes of atrioventricular block 
were ruled out. 
Laboratory diagnosis
The patient had normal electrolytes, thyroid stimulating hormone level and was 
not on any atrioventricular nodal blocking agents. 
Imaging diagnosis
A non-contrast chest computed tomography confirmed pacemaker lead perforation. 
Pathological diagnosis
There were no relevant pathological findings in this case. 
Treatment
The patient underwent permanent pacemaker implantation with subsequent 
lead revision after being diagnosed with cardiac perforation. 
Related reports
There are other case reports using various imaging modalities to diagnose car-
diac perforation by a pacemaker lead. 
Experiences and lessons
Cardiac perforation by a pacemaker lead should be considered in cases of de-
vice malfunction regardless of the age of the device. 
Peer review
A well done case report. it find no ancillary comments that would aid the reader-
ship, continued success with this excellent writing.
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Figure 4  Image. Top image shows the right ventricular permanent pacemaker 
lead protruding well past the heart border, A temporary transvenous pacemaker 
lead can also be seen within the right ventricle (A); The bottom image shows 
the repositioned right ventricular lead higher up on the interventricular septum 
and absence of the temporary transvenous pacemaker lead. The right atrial 
lead can also be seen in this image (B).
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Abstract
Jejunal diverticula are rare and subsequent complica-
tions even more so. The usual small bowel diverticulum 
encountered by general surgeons is a Meckel’s. These 
are embryological remnants of the vitello-intestinal duct 
and are on the anti-mesenteric surface of the terminal 
ileum. They may contain heterotopic gastric or pancre-
atic mucosa. Herein we explore the case of a young girl 
who presented with features of peritonitis secondary to 
a complication from a jejunal diverticulum. The case, 
pathology, complications and treatment of jejunal diver-
ticulosis and heterotopic gastric mucosa in the jejunum 
are explored.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Jejunum; Perforation; Heterotopic gastric 
mucosa; Meckel’s gastrointestinal diverticulum

Core tip: Herein we describe a rare but important cause 
of peritonitis in children. We feel it will be of interest to 
surgeons and pathologists alike and is an important re-
minder of the basic anatomy and pathology of surgical 
disease.

Bunni J, Barrett HL, Cook TA. Perforated jejunal ulcer associ-
ated with gastric mucosa in a jejunal diverticulum. World J Clin 
Cases 2014; 2(6): 209-210  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i6/209.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i6.209

INTRODUCTION
Jejunal diverticula are rare and subsequent complications 
even more so[1]. The usual small bowel diverticulum en-
countered by general surgeons is a Meckel’s. These are 
embryological remnants of  the vitello-intestinal duct and 
are on the anti-mesenteric surface of  the terminal ileum. 
They may contain heterotopic gastric or pancreatic mu-
cosa.

Complications of  true jejunal diverticula are rare par-
ticularly in young children. Herein we explore the case of  
a young girl who presented with features of  peritonitis 
secondary to a complication from a jejunal diverticulum. 
Following surgery she made an excellent recovery. We 
explore the case, pathology, complications and treatment 
of  jejunal diverticulosis and heterotopic gastric mucosa in 
the jejunum.

CASE REPORT
A previously fit and well 5 years old girl presented to the 
pediatricians with a two day history of  worsening ab-
dominal pain, anorexia and vomiting. 

Clinical findings were of  pyrexia and generalised peri-
tonitis. Bloods tests showed a lymphocytosis of  29.2 × 
109/L.

A working differential diagnosis was of  acute perfo-
rated appendicitis or perforated Meckel’s diverticulum 
and she was taken immediately to the operating theatre.

A 1 cm proximal jejunal perforation was identified on 
the antimesenteric border, directly opposite a mesenteric 
diverticulum, with a normal appendix. Small bowel re-
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section was performed with peritoneal toilet. She made 
a steady recovery and was discharged home on day four 
post-operatively.

DISCUSSION
Histology of  the small bowel showed features of  a true 
diverticulum with gastric mucosa lining the diverticulum. 
Helicobacter-like organisms were not identified. The ad-
jacent small bowel showed transmural inflammation and 
degeneration of  the wall at the site of  perforation with 
an adjacent serosal exudate (Figure 1). There was no evi-
dence of  malignancy. Sections of  the appendix showed 
a mild serosal exudate but no evidence of  mucosal acute 
inflammation.

Jejunal diverticula, like all diverticula can be true, 
involving all three layers of  the bowel wall or false - a 
herniation of  mucosa and submucosa through the mus-
cularis propria. True diverticula are usually congenital and 
false are acquired. The latter are more common and are 
pulsion diverticula which arise at the weak point on the 
jejunal mesenteric surface (the point where the mural ves-
sels penetrate the bowel wall). They are more common in 
middle aged males.

Rarer are the true diverticula which are congenital in 
nature. These can be on either the mesenteric or antimes-
enteric surface. The mesenteric diverticula are thought to 
be primarily related to the neurenteric remnants and dupli-
cations, and can be lined by gastric; intestinal or respiratory 
type epithelium or contain heterotopic pancreatic tissue.

Complications from jejunal diverticula are varied. 
Though the majority are silent, they can present with 
chronic abdominal pain, malabsorption, acute gastroin-
testinal haemorrhage, occult bleeding, diverticulitis, per-
foration, bacterial overgrowth or small bowel obstruction 
due to jejunal volvulus. Complications warranting surgical 
intervention occur in 8% to 30% of  patients[2].

In the elective setting, if  suspicious of  jejunal diver-
ticulosis there are different investigations that can be 
performed. These include small bowel follow through, 

small bowel enteroclysis, capsule endoscopy, computed 
tomography scanning as well as in the case of  bleeding, 
radionuclide scans and mesenteric angiography.

Jejunal heterotopic gastric mucosa is a very rare entity, 
and literature review revealed the usual presenting age to 
be 14 years[3]. A common presentation is that of  intermit-
tent intussusception secondary to a small bowel (usually) 
polypoidal mass. This mass is predominantly located only 
a few centimetres distal to ligament of  Treitz.

Management of  jejunal diverticula depends on wheth-
er or not patients experience symptoms. Asymptomatic 
jejunal diverticula found incidentally rarely warrant treat-
ment. In symptomatic cases small bowel resection and 
end-to-end anastomosis is advised. 

Jejunal diverticula are rare and their complications 
even more so. There are subtle pathological differences 
and once responsible for complications the authors ad-
vise small bowel resection and end-to-end anastomosis so 
as to achieve a pathological diagnosis; cure the problem 
and ensure no remaining potential heterotopic mucosa of  
other organs remains. 

COMMENTS
Case characteristics
This young patient presented with an acute abdomen and shock.
Clinical diagnosis
diagnose with peritonitis. Lab tests showed a lymphocytosis.
Differential diagnosis
acute appendicitis or perforated Meckel’s diverticulum.
Laboratory diagnosis
She was taken to the operating room whereby a small bowel perforation was 
identified and resected.
Pathological diagnosis
Histopathological analysis revealed this to be a perforation secondary to het-
erotopic gastric mucosa.
Treatment
Small bowel resection was performed with peritoneal toilet and making a steady 
recovery.
Experiences and lessons
To rapidly identify the sick patient and not waste time on investigations that will 
not alter management. awareness of the diversity of small bowel pathology.
Peer review
This is a short case report showing a pediatric patient with perforating jejunal 
diverticulum. The case is rare and may be worth publication. 
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Figure 1  Ulcerated small bowel mucosa (arrow) adjacent to area of perfo-
ration. 
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Abstract
Amyotrophic lateral sclerosis (ALS) is a progressive 
neurodegenerative disorder that almost exclusively 
involves motor neurons although autonomic dysfunc-
tion has also been reported. We present an 84-year-old 
female with no documented history of heart disease, 
who was admitted with negative T waves in the elec-
trocardiogram precordial leads mimicking myocardial 
ischaemia. No other abnormalities were shown in the 
rest of the cardiologic evaluation, suggesting autonomic 
nervous system dysfunction. A neurophysiological study 
demonstrated acute and chronic denervation in mul-
tiple muscles with normal nerve conduction studies, 
confirming ALS diagnosis. Previous studies have shown 
that subclinical sympathetic hyperfunction and para-
sympathetic hypofunction might result in cardiovascular 
dysfunction in ALS patients. It is important to detect 
disturbances of autonomic cardiac control because this 
dysfunction may influence survival and quality of life, 
leading to a decrease in life expectancy in ALS patients. 

This Case Report may support the impairment of car-
diac autonomic control in patients with ALS.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Amyotrophic lateral sclerosis; Autonomic 
nervous system diseases; Electrocardiography; Myocar-
dial ischemia; Cardiac catheterization

Core tip: A few cases showing electrocardiogram (ECG) 
abnormalities in amyotrophic lateral sclerosis (ALS) pa-
tients have been previously reported suggesting an au-
tonomic disturbance in ALS. We present an ALS patient 
with abnormal ECG mimicking myocardial ischaemia, 
in whom both coronary disease and cardiac anatomic 
damage were ruled out supporting the autonomic ner-
vous system involvement in this mainly motor neuron 
disease.

Martínez J, Ramón C, Morís C, Pascual J, Morís G. Abnormal 
electrocardiogram in a patient with amyotrophic lateral scle-
rosis mimicking myocardial ischaemia. World J Clin Cases 
2014; 2(6): 211-214  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i6/211.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i6.211

INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is an idiopathic, fatal 
neurodegenerative disease caused by degeneration of  the 
first and second motoneurons. Recent advances indicate 
heterogeneity in phenotype, pathological substrate and 
genetic predisposition, suggesting that ALS should be 
considered a syndrome rather than a single disease entity. 
Therefore, the clinical presentation and progression of  
ALS may vary considerably. Cognitive and behavioural 
impairment is a frequent feature of  ALS but other non-
motor clinical features, such as autonomic nervous 
system (ANS) dysfunction, are underreported[1,2]. The 
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affection of  the ANS in ALS, as part of  a complex de-
generative process, has an increasing evidence and it is 
postulated that ALS patients develop dysautonomic dys-
function that may involve the heart[3]. 

Herein, we report an ALS patient with both negative 
T waves on the electrocardiogram (ECG) and no data of  
underlying coronary disease, supporting ANS dysfunc-
tion in ALS.

CASE REPORT
An 84-year-old female with no history of  heart disease 
was referred to our hospital because of  chest pain, dys-
pnoea and abnormal ECG showing negative T waves in 
precordial leads V2-V6 and Ⅰ, aVL (Figure 1). Initially, 
the patient had been admitted to a different hospital due 
to chest pain and progressive dyspnoea. While perform-
ing an electromyogram, an episode of  shortness of  
breath, rales on auscultation and desaturation was docu-
mented. A chest radiograph was performed suggesting 
cardiac failure and an ECG showed anterior and lateral 
subepicardial ischaemia. Diagnostic of  acute coronary 
syndrome was done and the patient was transferred to 
our Hospital.

The patient had a diagnosis of  hypertension made 
several years before, being under enalapril treatment since 
then. No other treatments had ever been prescribed. 
There was no history of  myocardial infarction, myocar-
ditis, cardiomyopathy, pericarditis, hyper- or hypothyroid-
ism or calcium metabolism disturbances. An ECG per-
formed 10 years ago showed no abnormalities (Figure 2); 

no other ECGs were performed before this episode. The 
patient was feeling well until six months ago, when she 
started experiencing painless and progressive weakness 
in her left hand. During the following weeks, weakness 
progressed to proximal and distal muscles in both upper 
limbs. 

Neurological examination showed a normal mental 
status. Her speech was dysarthric, no facial paresis was 
noted but mild lingual weakness was observed. The vi-
sual fields were intact and ocular movements were full 
and smooth. Asymmetric muscle weakness and atrophy, 
involving the upper extremities, were present with severe 
atrophy of  the left hand muscles. Mild proximal paresis 
was observed in both lower limbs. Fasciculations were 
noted in the tongue, upper, and lower extremities. Deep-
tendon reflexes were brisk and there were bilateral ankle 
clonus. There was jaw hyperreflexia. Plantar responses 
were extensor. There were no sensory deficits. Bowel and 
bladder function remained normal. Complete blood cell 
count was normal, as were electrolyte, Troponin T, cre-
atine kinase, creatinine, fasting plasma glucose and hae-
moglobin A1c concentrations. Liver function and thyroid 
function studies yielded normal results. A brain CT scan 
depicted no abnormalities and a cervical MRI showed no 
abnormal findings at the spinal cord or the nerve roots. 
A neurophysiological study demonstrated acute and on-
going chronic partial denervation in multiple muscles of  
bulbar region and both upper and lower extremities with 
normal nerve conduction studies. The diagnosis of  de-
finitive ALS was made according to the Awaji–Shima cri-
teria[4]. Echocardiography showed 16 mm left ventricular 
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Figure 1  Resting 12-lead electrocardiogram showing nega-
tive T waves in precordial leads Ⅰ, aVL, V2-V6.

Figure 2  Normal 12-lead electrocardiogram performed in 
2002.



symmetrical hypertrophy with normal wall motion and a 
coronary angiography showed no significant anomalies 
(Figure 3). The patient suffered a progressive respiratory 
failure and she died four days after hospital admission.

DISCUSSION
There is well known that various central nervous system 
disorders can cause ECG abnormalities that mimic coro-
nary syndromes including S-T elevation, T wave inver-
sion and Q-T prolongation. These findings have been 
well described in relation with subarachnoid or subdural 
haematomas. Central o peripheral autonomic dysfunction 
has been also described in patient with Parkinson´s dis-
ease, multiple system atrophy or Guillain-Barré syndrome 
which increases the risk for arrhythmias, therefore, ECG 
monitoring is essential[5].

The impact of  ALS on the cardiovascular system is 
well known. Several studies have shown that subclinical 
sympathetic hyperfunction and parasympathetic hypo-
function might result in cardiovascular dysfunction in 
ALS patients[3,6-10]. There are very few reports describing 
the ECG characteristics in relation with this pathol-
ogy. ECG alterations in ALS have been presented as a 
pseudo-ischaemic pattern, however a pseudo-myocardial 
infarction pattern has also been described[11-13]. Moreover, 
an elevated Troponin T levels in a patient with ALS with-
out underlying ischaemic cardiopathy has been reported 
as a consequence of  hypoxic respiratory failure or as 
immune-mediated myocardial injury secondary to ALS[14].  

In ALS, involvement of  sympathetic neurons has 
been associated with neuron degeneration in the inter-
mediolateral nucleus of  the upper thoracic spinal cord, 
causing subclinical findings such as reduction in noctur-
nal blood pressure and loss of  correlation between blood 
pressure and heart rate. In a study analyzing changes 
in the corrected QT interval (QTc) and QTc disper-
sion, ECG showed that both the average QTc and QTc 
dispersion was significantly higher in patients with ALS 
supporting sympathetic disturbances in this motoneuron 
disease[6]. Furthermore, Pavlovic et al[3], studied the car-
diovascular autonomic control in 55 patients with ALS 
and compared it with 30 healthy controls. They found 
that patients with ALS have a significantly higher degree 
of  both sympathetic and parasympathetic dysfunction 
with relative sympathetic predominance compared with 

controls. Disturbances of  autonomic cardiac control in 
ALS patients may influence survival and quality of  life 
predisposing to hypertensive crisis, sudden cardiac death, 
and cardiovascular collapse, all leading to a decrease in 
life expectancy[3,10,15]. In addition, recent studies have 
established the contribution of  neuronal ion channel dys-
function to the pathophysiology of  ALS, mainly Na+ and 
K+ channels; moreover, the modulation of  ion channel 
function has been proposed as the mechanism by which 
riluzole exerts the neuroprotective effects in ALS[16-18]. 
Based on ion channels dysfunction implicated in heart 
disease, it could also be argued that ECG changes in ALS 
patients may be related with ion channel dysfunction[19].

We present an ALS patient with an ECG showing 
negative T waves in precordial leads mimicking myocar-
dial ischaemia. Complementary tests ruled out systemic 
and cardiologic causes that might have been associated 
with these ECG disturbances; therefore, an associa-
tion between the pseudo-ischaemic ECG and ALS was 
suspected. The underlying mechanism of  these abnor-
malities in the ECG must be addressed although ANS 
dysfunction has been proposed. Unfortunately, neither 
a baseline ECG nor a follow-up ECG after the acute 
episode were performed and the only previous ECG was 
done 10 years before. However, we cannot completely 
rule out that other underlying processes not covered by 
our investigations were the cause. In conclusion, it is im-
portant to detect disturbances of  autonomic cardiac dys-
function in ALS patients to avoid sudden death or other 
conditions leading to a decrease in life expectancy.

COMMENTS
Case characteristics
An 84-year-old female with a diagnosis of amyotrophic lateral sclerosis (ALS) 
presented with negative T waves in the electrocardiogram (ECG) mimicking 
myocardial ischaemia.
Clinical diagnosis
The patient exhibited classical clinical features of ALS and an ECG showed 
negative T waves in precordial leads I, aVL and V2-V6.
Differential diagnosis
Differential diagnosis included myocardial infarction or ischaemia, myocarditis, 
cardiomyopathy, pericarditis, hyper- or hypothyroidism or calcium metabolism 
disturbances.
Laboratory diagnosis
A neurophysiological study demonstrated acute and ongoing chronic partial 
denervation in multiple muscles of bulbar region and both upper and lower ex-
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Figure 3  Coronary angiogram showed normal 
coronary arteries. A: left coronary arteries; B: 
right coronary artery.
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tremities with normal nerve conduction studies.
Imaging diagnosis
The cardiologic studies including echocardiogram and coronary angiography 
were normal.
Treatment
The patient did not receive any treatment and she died in a few days.
Related reports
A literature search revealed only a few cases of abnormal ECG in patients with 
ALS mimicking myocardial ischaemia or infarct.
Term explanation
The Awaji-Shima criteria in the diagnosis of ALS were proposed in 2008 to en-
able earlier diagnosis of ALS to obviate diagnostic delay and to promote earlier 
entry into clinical trials.
Experiences and lessons
The affection of the autonomic nervous system in ALS has increasing evidence 
and it is postulated that ALS patients develop dysautonomic dysfunction that 
may involve the heart
Peer review
This is a well-written, interesting case report with good images.
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Abstract
We report the case of an urgent nephrectomy because 
of a pyonephrosis and sepsis due to an unsuspected 
sarcomatoid transitional cell carcinoma, an infrequent 
subtype with a bad oncological prognosis. We pres-
ent a 58-year-old man assessed by internal medicine 
for a general syndrome and weakness many months 
previously. A pyonephrotic kidney was observed at ab-
dominal computed tomography in the context of septic 
shock, without suspecting the underlying cause. The 
pathology report described a sarcomatoid transitional 
cell carcinoma. Sarcomatoid transitional cell carcinoma 
is an invasive and infrequent subtype of urothelial tu-
mors. The symptoms are often the same as other renal 
masses; however, in this case, sepsis and pyonephrosis 
were the rare initial symptoms. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Urothelial carcinoma; Renal pelvis; Sarco-
matoid

Core tip: Sarcomatoid transitional cell carcinoma is an 
invasive and rare subtype of urothelial tumors. The 
symptoms are often the same as other renal masses; 
however, in this case, sepsis and pyonephrosis were 

the rare initial symptoms.

Fernández-Pello S, Venta V, González I, Gil R, Menéndez CL. 
Pyonephrosis as a sign of sarcomatoid carcinoma of the renal 
pelvis. World J Clin Cases 2014; 2(6): 215-218  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i6/215.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i6.215

INTRODUCTION
Primary tumors of  the renal pelvis account for ap-
proximately 7% of  all renal tumors[1]; most of  them are 
urothelial carcinoma. Urothelium can display a wide 
range of  metaplastic changes and neoplasms arising from 
this epithelium can show several types of  differentia-
tion, especially in high-grade neoplasms. Unlike bladder 
urothelial carcinomas, the majority of  primary urothelial 
carcinomas of  the renal pelvis present with a high his-
tological grade and show a tendency to display unusual 
morphological features with a metaplastic phenomena 
and aggressive behavior. Due to their location inside the 
kidney, a delay in diagnosis may happen with advanced 
stages, metastatic disease or massive infiltration of  the 
kidney[2,3]. The sarcomatoid subtype is a kind of  high 
grade urothelial carcinoma, a histological variant defined 
by a biphasic differentiation, epithelial and mesenchymal. 
Few cases have been reported in the literature since 1961 
when Fauci and collegues reported the first case[4]. 

CASE REPORT
We present a 58-year-old man assessed for a general syn-
drome and isolated episode of  hematuria a few months 
previously.

His medical history included being a heavy smoker 
and alcohol consumer, deep venous thrombosis and alco-
holic chronic pancreatitis with partial pancreatectomy 10 
years previously.
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From the urological point of  view, an isolated episode 
of  gross hematuria was described and was concomitant 
with a high dosage of  oral anticoagulants. At this time, 
ultrasound and cystoscopy were within the normal limits.

In hospital, he was afebrile with low levels of  blood 
pressure. His blood analysis showed anemia (hemoglobin 
8.6 g/dl), discrete leukocytosis and serum creatinine 
within normal limits.

An abdominal computed tomography (CT) was re-
quested which described a bizarre right kidney with in-
traparenchymatous levels of  liquid with the renal pelvis 
and right ureter dilated up to the entrance of  the bladder 
(Figure 1).

Initially, endovenous third generation cephalospo-
rin treatment was administered and a ureteral stent was 
placed. After 12 h of  observation, the clinical course 
worsened, with severe hypotension and elevated blood 
analysis parameters of  lactic acid, C protein and procalci-
tonin. In this critical situation of  septic shock, an emer-
gency right nephrectomy was performed with an eleventh 
rib incision. The intraoperative description was of  a dilat-
ed right kidney with plentiful purulent liquid linked with 
a pyonephrosis with no apparent cause. The patient had 
a normal postoperative course and was discharged on the 
seventh day.

The surgery specimen weighed 500 g and the volume 
was 15 cm × 9 cm × 7 cm, with thick parenchyma with 
pyelocalyceal dilation with purulent content at the sagit-
tal section. Necrotic areas spread outside the renal tissue,  
the perinephric fatty tissue (Figure 2).

The pathology report described a sarcomatoid uro-
thelial carcinoma with invasion into the parenchyma, 
renal sinus, perinephric fatty, lymphovascular and neural 
tissue. Carcinoma in situ was also associated with the up-
per calyceal system according to the American joint com-
mittee of  cancer (AJCC), seventh edition, pT4NX. Im-
munochemistry studies revealed positivity to CK7, CD10 
and vimentin. Moreover, the report described intense 
proliferative activity Ki67, 80% (Figure 3).

Chemotherapy was rejected due to the clinical situa-
tion of  the patient and the patient refused a new surgical 
intervention in order to eliminate the ureteral remnant. 
The patient was followed up periodically and 18 mo after 

nephrectomy he was asymptomatic with no signs of  re-
lapse on imaging techniques.

DISCUSSION
Transitional cell carcinoma of  the renal pelvis and 
ureter are relatively rare and are less than 1% of  all 
genitourinary cancers, likewise 5% and 7% of  urinary 
tract tumors[5]. Tumors arising from the renal pelvis are 
morphologically similar to those from the bladder. Their 
incidence varies from 0.7 to 1.1 per 100000 with a male 
to female ratio of  1.7 to 1, but with an increasing trend 
in women. They more frequently appear in the elderly 
(mean age 70 years). Over 90% of  tumors arising from 
the renal pelvis and ureter are urothelial carcinomas. 
Hematuria and back pain are the most common signs 
and symptoms[6]. Hematuria, either gross or microscopic, 
is present in 75%-90% of  cases. Back pain occurs in 
20%-40% of  cases, usually secondary to obstruction by 
the tumor that can mimic a ureteral calculus. Urinary 
symptoms, such as dysuria, urinary frequency, nocturia 
or urinary retention, can be found in up to 25%-50% of  
patients. The physical examination is usually normal, with 
the exception of  a lumbar palpable mass in less than 10% 
of  patients[5].

Sarcomatoid transitional cell carcinoma (sarcomatoid 
carcinoma) of  the renal pelvis should not be confused 
with sarcomatoid renal cell carcinoma, an undifferenti-
ated high grade epithelial tumor whose origin is at the 
parenchyma. Another tumor with a bad prognosis is the 
collecting duct carcinoma (Bellini duct carcinoma) which 
is centered in the medulla, develops a tubulopapillary ar-
chitecture and is surrounded by a desmoplastic reaction[7]. 
Radiologically, some researchers reported that sarcoma-
toid carcinomas and renal cell carcinomas are indistin-
guishable from each other.

The term “transitional cell carcinoma with sarcoma-
toid differentiation” should be used in solid tumors with 
biphasic epithelial and mesenchymal differentiation (with 
the presence or absence of  heterologous components).

Another neoplasm considered at the differential diag-
nosis is carcinosarcoma. Carcinosarcomas and sarcoma-
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Figure 1  Contrast enhanced abdominal computed tomography shows a 
dilated and unstructured right kidney. No mass effect images.

Figure 2  Macroscopic sagittal cut of the right kidney after nephrectomy, 
necrotic areas spread outside kidney and parenchyma is replaced by 
fibrotic tissue.



toid carcinomas are difficult to distinguish in hematoxy-
lin-eosin samples. Carcinosarcomas are composed of  two 
components, epithelial and sarcomatous, and sarcomatoid 
carcinomas are malignant epithelial tumors which show 
sarcomatoid changes[8]. There is too much confusion and 
disagreement in the literature regarding the nomenclature 
and histogenesis of  these tumors. In some series, both 
terms, carcinosarcoma and sarcomatoid carcinoma, are 
included under the term “sarcomatoid carcinoma” and in 
others they are listed as two different entities[3,4,9,10].

In addition, the differential diagnosis should also in-
clude locally aggressive and benign conditions, such as 
postoperative spindle cell nodes and pseudotumors as 
inflammatory myofibroblastic tumors.

Histologically, sarcomatoid areas may be combined 
with foci of  transitional cell carcinoma, squamous cell 
carcinoma, adenocarcinoma or small cell carcinoma. 
Heterologous differentiation may be present but has no 
prognostic significance. All sarcomatoid carcinomas are 
high-grade and have a poor prognosis. These tumors 
show no difference in survival when compared stage 
by stage with conventional urothelial carcinoma. In the 
absence of  invasive urothelial carcinoma or obvious epi-
thelial differentiation, a prior history of  urothelial carci-
noma, the coexistence of  urothelial carcinoma in situ, or 
immunoreactivity for cytokeratin or epithelial membrane 
antigen (EMA) in the sarcomatous areas are useful for 
the diagnosis of  sarcomatoid carcinoma. The immuno-
histochemistry is the key to the diagnosis.

The immunoreactivity for keratins and EMA are 
specific for epithelial cells and the presence of  epithe-
lial markers in mesenchymal areas and/or the presence 
in sarcomatoid elements of  ultrastructural features of  
epithelial differentiation (desmosomes or tonofilaments) 
suggest the diagnoses of  sarcomatoid carcinoma. like-
wise, the mesenchymal elements in carcinosarcomas do 
not stain with epithelial markers and have no desmo-
somes or tonofilaments[3].

The gold standard treatment for urothelial carci-
noma is surgery, in this case nephroureterectomy, but a 
nephrectomy was only performed because the presence 
of  an aggressive tumour was unsuspected. Neoadjuvant 
chemotherapy was not an option for this patient. On 
the one hand, it was an emergency operation and on the 

other hand, contrary to what has been demonstrated for 
bladder cancer, there have been no reported effects of  
neoadjuvant therapy for upper urinary tract cancer[11].

Adjuvant chemotherapy can somehow achieve a re-
currence free rate of  up to 50% but clearly has no impact 
on survival and no data are currently available to provide 
any recommendations[12]. At our institution, chemother-
apy is only considered as palliative in cases of  metastatic 
evolution or with the presence of  symptoms.

Adjuvant radiotherapy may improve local control of  
the disease and can be combined with a cisplatinum regi-
men[13] but they are no longer considered at our center as 
a standard care for this kind of  tumors. 

This pT4Nx tumor is included in the Ⅳ stage accord-
ing to AJCC classification (remember Ⅳ stage includes 
all pT4 with N+ or N0 and M+ or M0), the fact of  pT4 
being directly included in IV prognostic stage in spite of  
no pathological node report and no signs of  metastatic 
disease. The observed overall survival with this classifica-
tion with data taken from National Cancer Data Base for 
the year 2000 to 2002 is: 43.3% in 1 year, 24% in 2 years, 
16.4% in 3 years, 12.4% in 4 years and 10.2% in 5 years.

An interesting paper describes the local relapse rate 
during a mean follow-up of  58 mo in 14% of  the pa-
tients, with the overall mortality of  14% and the mean 
survival of  109 mo. Stage T3 and T4 were significantly 
linked with survival[14].

We report the case of  a 58-year-old man with the 
radiological finding of  pyonephrosis and an emergency 
nephrectomy being performed with the worsening of  the 
clinical condition. The pathology examination suggested 
a renal pelvis urothelial neoplasm with sarcomatoid dif-
ferentiation. This neoplasm widely spread though perire-
nal fatty tissue and lymphatic vascular tissue.

Sarcomatoid subtype is a rare presentation of  urothe-
lial carcinoma and is linked with a bad prognosis. In the 
same sample, zones of  epithelial carcinoma, adenocarci-
noma and small cell carcinoma are usually described.

COMMENTS
Case characteristics
a 58-year-old man assessed for a general syndrome and isolated episode of 
hematuria.

June 16, 2014|Volume 2|Issue 6|WJCC|www.wjgnet.com 217

Figure 3  On the left side the sample (x 20) shows the invasive sarcomatoid pattern and on the right side the immunochemistry (x 40) positivity for CK7.
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Clinical diagnosis
the radiological finding of pyonephrosis and worsening of the clinical condition, 
with an emergency nephrectomy being performed. 
Differential diagnosis
ultrasound, cystoscopy, computed tomography (CT).
Laboratory diagnosis
Blood analysis showed anemia (hemoglobin 8.6 g/dl). The surgery specimen 
weighed 500 g and volume was 15 cm × 9 cm × 7 cm, with thick parenchyma 
with pyelocalyceal dilation with purulent content at the sagittal section. 
Imaging diagnosis
An abdominal CT was requested and described a bizarre right kidney with intra-
parenchymatous levels of liquid, with the renal pelvis and right ureter dilated up 
to the entrance of the bladder.
Pathological diagnosis
The pathology report described a sarcomatoid urothelial carcinoma with inva-
sion into the parenchyma, renal sinus, perinephric fatty, lymphovascular and 
neural tissue.
Treatment
the clinical evolution with an emergency nephrectomy.
Experiences and lessons
Sarcomatoid subtype is a rare presentation of urothelial carcinoma and is linked 
with a bad prognosis. In the same sample, zones of epithelial carcinoma, ad-
enocarcinoma and small cell carcinoma are usually described.
Peer review
The authors describe a case of pyonephrosis as a sign of sarcomatoid carci-
noma of the renal pelvis. This is an interesting paper. 
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Abstract
Fractures of the lesser tuberosity of the humerus are 
typically met in combination with other injuries of 
the shoulder. Case reports of isolated lesser tuberos-
ity fractures are particularly rare and, consequently, 
therapeutic protocols have not yet been completely 
clarified. Conservative as well as surgical treatment has 
been recommended, while several operative techniques 
have been applied. We present a case of a 39-year-
old man with an isolated lesser tuberosity fracture who 
was treated surgically in our institution. Due to fracture 
comminution, a two-level reconstruction technique with 
headless screws and buttress plate was applied. As far 
as we know, this method of fixation of this type of frac-
ture has not been previously described in the literature. 
The patient tolerated the procedure well and excellent 
results were obtained at the latest follow-up.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Shoulder; Humerus; Lesser tuberosity; 
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Core tip: Isolated fractures of the lesser tuberosity of 

the humerus in adults are extremely rare. Only a few 
cases have been reported so far in the literature. The 
optimal treatment method of these fractures is still a 
matter of debate. Herein, we present a case of a 39-year-
old man with an isolated lesser tuberosity fracture who 
was treated surgically in our institution. Due to fracture 
comminution, a two-level reconstruction technique with 
headless screws and buttress plate was applied. As far 
as we know, this method of fixation of this type of frac-
ture has not been previously described in the literature.

Nikolaou VS, Chytas D, Tyrpenou E, Babis GC. Two-level re-
construction of isolated fracture of the lesser tuberosity of the 
humerus. World J Clin Cases 2014; 2(6): 219-223  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i6/219.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i6.219

INTRODUCTION
Five percent of  all humeral fractures involve the proximal 
end alone[1,2]. Out of  this, only 2% account for isolated 
lesser tuberosity fractures, making the incidence extreme-
ly rare. More often, they are seen as an isolated injury or 
with a combined posterior dislocation of  the shoulder[3].  
Moreover, these fractures may be difficult to identify 
because of  the osseous overlapping in the standard x-ray 
examination or they are misdiagnosed as intra-articular 
loose bodies or calcifications of  the rotator cuff[4]. 

The injury typically requires traumatic abduction 
and external rotation of  the upper arm in relation to the 
shoulder. The forceful contraction of  the subscapularis 
muscle leads to the avulsion fracture of  the lesser tuber-
osity.

Epidemiologically, little is known but it has been de-
scribed as an injury that involves male patients between 
the 2nd and 5th decades of  life and youngsters with an 
open humeral physis. If  not treated or missed, these inju-
ries may lead to subscapularis weakness and/or impinge-
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ment of  the malunited part[5,6]. 
Generally, open reduction and internal fixation is the 

treatment of  choice in otherwise medically fit patients 
but some authors suggest conservative treatment for 
minimally displaced fractures and report clinically suc-
cessful results[7,8].

Operative procedures can be challenging in cases of  
comminuted fractures of  the lesser tuberosity. We present 
a case of  a comminuted isolated avulsion fracture of  the 
lesser tuberosity of  the humerus in a young male patient. 
A two-level reconstruction technique is described.

CASE REPORT
A 39-year-old male presented to our emergency depart-
ment with a history of  a fall from a height of  about 2 m 
on to his outstretched left arm. On clinical examination, 
there was tenderness on palpation on the frontal aspect 
of  the proximal humerus and restriction of  movements 
of  the joint, energetically and passively. No neurovascular 
damage was noted. 

Standard anteroposterior radiograph revealed a 
crescent-shaped fragment near the inferior part of  the 
glenoid rim. At that point, lateral X-ray was not possible 
due to patient’s pain (Figure 1). 

The patient was admitted to our orthopedic depart-
ment and a computed tomography (CT) scan was per-

formed to describe the damage in greater detail (Figure 2). 
A magnetic resonance imaging (MRI) scan was also per-
formed to exclude possible intra-articular damage and/or 
tendon pathology (Figure 3). 

The isolated comminuted avulsion fracture of  the 
lesser tuberosity was confirmed, with no other intra-ar-
ticular pathology of  the shoulder joint. It was decided to 
operate and the patient was transferred to the operating 
room 48 h after the injury. 

Under general anesthesia and with the patient supine 
in the so-called beach chair position, with the image 
intensifier placed on the opposite side of  the operating 
table, a standard deltopectoral approach was used. Frag-
ments of  the avulsed lesser tuberosity with the subscapu-
laris tendon were identified. The fracture did not extend 
to the articular surface or the bicipital groove. Initially, 
the larger fragment of  the avulsed lesser tuberosity was 
reduced using reduction forceps. Two cannulated Her-
bert screws were used to stabilize the fragment (Figure 4).  
The smaller fragments were then reduced and stabilized 
using a low profile, bendable neutralization buttress plate 
(T-plate, NCB proximal humerus, Zimmer Company, 
Winterthur, Switzerland) (Figure 5). The long head of  
the biceps tendon was identified and found to be stable 
(Figure 6). Excellent fracture reduction was confirmed 
with intraoperative fluoroscopy (Figure 4). A drain was 
positioned and the wound was closed in the usual fash-
ion. Figure 7 shows the immediate post-operative X-ray. 
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Figure 1  Anteroposterior radiograph of left shoulder showing a crescent-
shaped fragment near the inferior part of the glenoid rim.

Figure 2  Further examination with computed tomography scan (A) and 
3D computed tomography reconstruction (B) confirmed the diagnosis and 
revealed the comminution of the lesser tuberosity avulsion fracture.

Figure 3  Magnetic resonance imaging exam of the left shoulder excluded 
intra-articular extension of the fracture or other tendon ruptures.

Figure 4  Intra-operative fluoroscopic images. Initially, the bigger fragments 
of the lesser tuberosity were reduced using reduction forceps and fixed using 
cannulated headless Hebert screws (A). The smaller fragments were then re-
duced and stabilized under a low profile, bendable neutralization buttress plate 
(B). 
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The arm was placed in a sling in a neutral position 
and the elbow flexed 90 degrees. The patient was released 
from the hospital 2 d post-operatively. Immediately after 
stitches removal, the patient initiated his rehabilitation 
program, with passive assisted exercises to regain full 
range of  motion. Six weeks post-operatively, active exer-
cises were implicated. 

On follow-up, the patient had achieved painless full 
range of  motion and regained his normal activities. X-ray 
examination at the latest follow-up, 18 mo after surgery, 
revealed full union of  the fracture and no hardware fail-

ure (Figures 8 and 9).

DISCUSSION
Approximately 2% of  proximal humeral fractures are 
isolated fractures of  the lesser tuberosity[9]. This demon-
strates how rarely those injuries are met. Until now, the 
lack of  an extensive published case series does not allow 
the determination of  a standard therapeutic protocol for 
this type of  fracture. The small sized lesser tuberosity, 
which is adequately  protected in the medial aspect of  the 
proximal humerus, is not frequently fractured and, when 
this happens, sudden contraction of  the subscapularis 
muscle, which is attached to the tuberosity and prevents 
the abduction and external rotation of  the shoulder, is 
the most common mechanism of  injury[6]. The clinical 
presentation of  the patient, characterized by pain particu-
larly in the frontal aspect of  the shoulder and restricted 
motion, is not typical and requires proper radiographic 
control, which generally includes at least two views of  the 
shoulder. Although in our case the fracture can be noted 
in the anteroposterior view of  the shoulder, often the di-
agnosis is missed or delayed due to the lack of  a complete 
imaging. An axillary view especially generally demon-
strates lesser tuberosity fractures most clearly and possibly 
displaced fragments[10]. However, on plain radiographs, 
these fractures may be misdiagnosed as calcific tendonitis 
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Figure 5  The 7-holes T-minus plate (right) that was used as a buttress 
plate is part of the Non-Contact Bridging proximal humerus, polyaxial 
locking plate system (Zimmer Company, Winterthur, Switzerland).

Figure 6  Intraoperative photos. A: The headless Herbert screw is inserted 
and the larger fragments have been stabilized; B: The T-minus plate has been 
positioned acting as a buttress plate. The biceps tendon was found to be stable 
and was protected during the procedure. 

Figure 7  Immediate post-op X-ray of the left shoulder, showing excellent 
fracture reduction. 

Figure 8  At the latest follow-up, the patient demonstrated pain-free, full 
range of movement of the left shoulder.

Figure 9  Eighteen months after surgery, X-ray examination of the left shoul-
der shows full union of fracture without hardware movement or failure. 
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of  the rotator cuff  or osseous Bankart lesions[8]. 
Thus, the usefulness of  a CT scan in the diagnosis 

and treatment of  this type of  fracture, including  the sur-
gical technique for its fixation, is particularly important[2]. 
More specifically, a CT scan is a valuable tool in the hands 
of  the surgeon for the estimation of  specific characteris-
tics of  the fracture, such as displacement, comminution 
and possible involvement of  the articular surface[2]. Fur-
ther investigation with MRI can also help in determining 
possible severe soft tissue damage, including rotator cuff  
tendon injury, or severe trauma of  the articular surface. 

Once the diagnosis is made, several therapeutic op-
tions have been proposed. Conservative treatment, al-
though not frequently indicated, has its own remarkable 
position in the therapeutic “arsenal”, particularly in mini-
mally displaced fractures[10] and in children[11,12]. However, 
controversy exists about the displacement of  fracture as 
an indication of  surgery; some authors recommend open 
reduction and internal fixation of  even minimally dis-
placed fractures in order to avoid late displacement and 
involvement of  the bicipital groove[7]. Generally, opera-
tive treatment is recommended in cases of  displacement 
more than 5 mm, angulation more than 45 degrees, per-
sistent pain, blockage to motion and significant clinical 
weakness[5].  

Regardless of  the size or displacement of  the frac-
tured fragments, a review of  the literature demonstrates 
that open reduction and internal fixation is the gold 
standard of  the management of  isolated lesser tuberosity 
fractures. Apart from open reduction and internal fixa-
tion, other methods of  surgical treatment do exist and 
have generally given satisfactory results; surgical excision 
of  the fractured fragment[13-15] and arthroscopically as-
sisted reduction[16] have been proposed by several authors 
and have been proven efficient. 

The common technique of  open reduction and 
internal fixation of  isolated lesser tuberosity fractures 
described in the literature includes the use of  screws, 
cerclage wire[6] and, particularly in skeletally immature pa-
tients, the use of  heavy  sutures and suture anchors[5].

In conclusion, as far as we know, a two-level recon-
struction of  this type of  fracture with headless screws 
and a buttress plate has not been previously described. 
The fact that led us to this surgical option was the com-
minution of  the fracture and subsequent inability of  
adequate fixation with screws only. The larger fragments 
of  the fracture were successfully fixed with headless Her-
bert screws. The smaller fragments were buttressed using 
a low profile, multi-hole plate. This plate also provided 
a more secure fixation of  the larger fragments. As was 
proven, the clinical outcome was satisfactory and compa-
rable with other cases in which different surgical methods 
were applied.

COMMENTS
Case characteristics
Isolated fracture of the lesser tuberosity of the humerus in a young adult male. 

Clinical diagnosis
There was tenderness on palpation on the frontal aspect of the proximal hu-
merus and restriction of movements of the joint, energetically and passively. No 
neurovascular damage was noted. 
Differential diagnosis
Shoulder fracture dislocation, rotator cuff pathology and/or osseous Bankart le-
sion were considered in the differential diagnosis based on patient’s symptoms. 
X-ray examination, computed tomography (CT) scan with 3D reconstruction 
and magnetic resonance imaging (MRI) of the injured shoulder were carried 
out.
Imaging diagnosis
Standard anteroposterior radiograph revealed a crescent-shaped fragment near 
the inferior part of the glenoid rim. Further examination with CT scan and 3D 
CT reconstruction confirmed the diagnosis and revealed the comminution of 
the lesser tuberosity avulsion fracture. MRI exam of the left shoulder excluded 
intra-articular extension of the fracture or other tendon ruptures. 
Treatment
Due to fracture comminution, a two-level reconstruction technique with head-
less screws and buttress plate was applied. 
Experiences and lessons
Isolated fractures of the lesser tuberosity of the humerus are extremely rare in 
adults. Open reduction and internal fixation is usually the treatment of choice. In 
the setting of severe fragment comminution, adequate stabilization of the frac-
tured lesser tuberosity can be challenging. Using the proposed operative tech-
nique, with two-level reconstruction of the lesser tuberosity, resulted in excellent 
fracture healing and the clinical outcome was satisfactory and comparable with 
other cases in which different surgical methods were applied.
Peer review
This is a well written case report describing a new surgical approach. It will be 
of general interest to orthopedic surgeons.
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Abstract
We report our first simultaneous bilateral robot as-
sisted partial nephrectomy (RAPN) in order to show 
and critically discuss the feasibility of this procedure. 
Materials and methods A 69-year-old male patient 
visited our department due to incidental finding of bi-
lateral mesorenal small masses (2.5 cm on the right 
and 3.5 cm on the left) suspicious for malignancy. We 
started from the right side with patient in flank posi-
tion. Port placement: 12-mm periumbilical camera port, 
two 8-mm robotic ports in wide ‘‘V’’configuration, ad-
ditional 12 mm assistant port on the midline between 
the umbilicus and symphysis pubis. A right unclamping 
RAPN with sliding clip renorrhaphy was performed. The 
trocars were removed and the robot undocked. With-
out interrupting the anesthesiological procedures, the 
patient was reported in supine position and, after 180 
degrees rotation of the surgical bed, was newly placed 
in contralateral flank position. Using both the previous 
periumbilical and midline ports, two other 8-mm robotic 
trocars were placed. The robot was then redocked and 
RAPN was also performed on the left side using the 
same previously reported technique. Results Total time: 
285 min. Estimated blood losses: 150 cc. Postoperative 

period: uneventful. Pathological examination: bilateral 
renal cell carcinoma, negative surgical margins. Conclu-
sions Our experience was encouraging and confirmed 
the feasibility and safety of this procedure. The plan-
ning of our technique was time and cost effective with 
cosmetic benefit for the patient. However, we think that 
an appropriate selection of the patients and a skill in 
robotic renal surgery are advisable before approaching 
this type of surgery. 

© 2014 Baishideng Publishing Group Co., Limited. All 
rights reserved.

Key words: Robotics; Nephrectomy; Renal cell carci-
noma; Remote operation robotics

Core tip: Very few papers have been reported con-
cerning simultaneous bilateral robot assisted partial 
nephrectomy. We think that our technique was note-
worthy for some important aspects: the number of the 
ports was minimized, the disposition of the operatory 
room allows the quick rotation of the patient’s bed and 
the redocking of the robot, the operative time was ac-
ceptable, the unclamping technique decreased the risk 
of renal insufficiency, the cost for two nephrectomies 
was decreased. In conclusion, our technique was safe, 
feasible, time and cost effective with a cosmetic benefit 
for the patient.  

Giberti C, Gallo F, Schenone M, Cortese P. Simultaneous bilat-
eral robotic partial nephrectomy: Case report and critical evalu-
ation of the technique. World J Clin Cases 2014; 2(6): 224-227  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i6/224.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i6.224

INTRODUCTION
In the last few years, robot-assisted partial nephrectomy 
(RAPN) has become a promising procedure able to 
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bridge the technical difficulties of  laparoscopic partial 
nephrectomy (LPN), permitting a broader diffusion of  
laparoscopic treatment of  renal masses[1-3].

In fact, the 3D vision, the optical magnification and 
the robotic instruments allow surgeons to realize very 
precise tumor resection and to simplify the reconstructive 
steps of  the procedure, minimizing the potential risks 
due to the ischemia time.

More recently, the expanded role of  robot-assisted 
surgery has also included the simultaneous treatment of  
bilateral renal tumors[4,5].

This type of  procedure, which is certainly fascinating, 
still needs to be well defined regarding the indications and 
the technique. We report our first case of  simultaneous 
bilateral robotic partial nephrectomy in order to show the 
feasibility of  our technique and critically discuss both the 
advantages and the disadvantages of  this procedure.

CASE REPORT
Patient
A 69-year-old male patient visited our department due 
to the incidental finding of  bilateral small renal masses. 
Magnetic resonance scans showed a 2.5 cm mass in the 
middle portion of  the right kidney and a 3.5 cm mass in 
the middle portion of  the left kidney with no involve-
ment of  the collecting systems. The two masses were 
suspicious for malignancy (Figure 1). The differential 
diagnosis was made with benign tumors and complicated 
cysts. There was no past surgical history. General physical 
examination and the preoperative exams were normal. 
The body mass index (BMI) was 23.51.

Surgical technique
The operating theatre was set up as shown in Figure 2. 
The procedure was performed using a three-arm Da Vin-
ci Robot, standard version, starting from the right side. 
The patient was secured in a flank position with the table 
slightly bent. Regarding the port placement, a 12-mm 
periumbilical port was placed for the camera. Two 8-mm 
robotic instrument ports were placed approximately 8 cm 
from the camera in a wide ‘‘V’’ configuration centered 
on the renal tumor. An additional 12 mm assistant trocar 
was placed on the midline between the umbilicus and 
symphysis pubis (Figure 3). A 30° angle lens was used. 
The robotic instruments included bipolar fenestrated 
forceps, monopolar cautery scissors, and two needle driv-
ers. The peritoneum was incised sharply along the line 
of  Toldt and the bowel was mobilized medially exposing 
the Gerota’s fascia. The renal artery and vein were isolated 
and vessel loops were placed around them. The Gerota’s 
fascia was dissected off  the surface of  the kidney and the 
kidney was extensively mobilized until easy access to the 
tumor was achieved from all sides. The RAPN was then 
performed without hilar clamping. The renal specimen 
was retrieved using an endobag.  The inner defect was 
closed with a running outside-in Monocryl 4-0 suture 
preloaded with a Hem-o-lok clip, taking care to include 
retracted vessels or calyces into the suture. The borders 

of  the defect were closed with another running outside to 
inside Monocryl 2-0 suture including a haemostatic agent 
and secured with Hem-o-lok clips at each bite. Through 
the sliding clip technique, the right tension was brought 
on these sutures[6].

The Gerota’s fascia and the peritoneum were closed. 
A wound drain was introduced through the inferior 8-mm 
port. All the trocars were removed and the robot was un-
docked.

Without interrupting the anesthesia, the patient was 
repositioned in the supine position and, after a 180 de-
gree rotation of  the surgical bed, he was placed in the 
contralateral flank position. Using both the previous peri-
umbilical and midline ports for the camera and the addi-
tional 12-mm assistant trocar, respectively, the other 8-mm 
robotic trocars were placed in a wide ‘‘V’’configuration 
centered on the left renal tumor (Figure 3). The robot 
was then redocked without changing any disposition of  
the instruments, the furniture or the staff inside the oper-
ating theatre.

A second RAPN without hilar clamping was also per-
formed on the left side following the previously reported 
technique. Intraoperative ultrasonography was used on 
this side in order to score the margins of  the lesion. 

The total operation time was 285 min and total con-
sole time was 240 min. The estimated blood loss was 150 
cc. The postoperative period was uneventful. The patient 
was mobilized on day 2. The urethral catheter was re-
moved on day 2. The right and left drains were removed 
on days 2 and 3, respectively. The patient was discharged 
on day 4. The pathological examination reported bilateral 
renal cell carcinoma, Fuhrman grade 1, with negative 
surgical margins. Six months after surgery, computed to-
mography scan did not show tumor local recurrences.

DISCUSSION
The robotic approach for conservative renal surgery 
is becoming increasingly common due to the reported 
encouraging outcomes in terms of  safety, feasibility and 
efficacy of  this procedure[1-3,7]. Very few papers have been 
reported in literature concerning simultaneous bilateral 
RAPNs probably due to the low incidence of  bilateral re-
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Figure 1  Magnetic resonance scans. The right and left small renal masses 
are indicated. 



nal tumors but also due to the difficulties of  this type of  
surgery[4-5]. The potential benefits of  simultaneous bilater-
al surgery could be related to the advantages of  a unique 
surgical procedure with single anesthesia, shorter overall 
hospitalization, faster overall recovery and lower costs 
than two separate procedures. Furthermore, a cosmetic 
benefit due to the reuse of  some ports for both sides 
could be considered. However, these advantages could 
be balanced by the risks of  longer total anesthesia time, 
higher blood loss and postoperative renal insufficiency. 
In this setting, the procedure should be planned appro-
priately in order to maximize the benefits and minimize 
the risks. We think that our technique was noteworthy for 
some aspects. 

The positioning of  the ports was planned accurately 
in order to minimize the number of  the abdominal inci-
sions. In particular, the camera and the assistant ports 
were positioned on the xifopubic line and used for both 
sides. In the end, the bilateral RAPN was performed us-
ing only six ports. 

The disposition of  the operating theatre was studied 
in order to allow the rotation of  the patient’s bed with-
out changing the positions of  the robot, the instruments 
and the operators. This detail allowed us to undock and 
redock the robot very quickly between the two nephrec-
tomies, avoiding the waste of  precious minutes. 

Overall, the entire operation lasted less than 5 h in-
cluding anesthesiological procedures, patient positioning 
and trocar placement. We think that this is an acceptable 
anesthesia time for a bilateral procedure as confirmed by 
the regular observations made in the postoperative period.

The surgical technique with no arterial clamping 
decreased the risk of  postoperative renal insufficiency 
which can be more frequent after a bilateral procedure, 
especially when bilateral clamping is performed, as al-
ready reported in literature[4]. 

This procedure was really cost effective. In fact, the 
two nephrectomies were performed without shutting 
the robot down and using the same surgical instruments. 
These aspects helped strongly to decrease the costs of  a 
robotic operation. 

Some limitations of  our technique should be men-
tioned. In fact, an appropriate selection of  the patients 
(mainly regarding the size, the location of  the tumors or 
the preexisting condition of  chronic renal insufficiency) 
and a very good skill in renal robotic surgery are really 
advisable before approaching this type of  surgery.

In conclusion, our experience was encouraging and 
confirmed the feasibility and the safety of  this procedure. 
Furthermore, the planning of  our technique was time 
and cost effective with a cosmetic benefit for the patient. 
However, we think that an appropriate selection of  the 
patients and skill in robotic renal surgery are really advis-
able before approaching this type of  surgery.
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COMMENTS
Case characteristics
A 69-year-old male patient visited our department due to the incidental finding 
of bilateral small renal masses.
Clinical diagnosis
The general physical examination was normal, the renal masses were not pal-
pable. The body mass index was 23.51.
Differential diagnosis
Benign tumors, complicated cysts.
Laboratory diagnosis
The preoperative exams were normal. 
Imaging diagnosis
Magnetic resonance scans showed a 2.5 cm mass in the middle portion of the 
right kidney and a 3.5 cm mass in the middle portion of the left kidney with no 
involvement of the collecting systems. 
Pathological diagnosis
The pathological examination reported bilateral renal cell carcinoma, Fuhrman 
grade 1, with negative surgical margins. 
Treatment
A simultaneous bilateral robotic partial nephrectomy was performed. 
Related reports
The surgical treatment of small renal masses is well known using different ap-
proaches (mainly open surgery, laparoscopy and cryotherapy). However, very 
few papers have been reported in literature concerning simultaneous bilateral 
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Figure 2  Disposition of the operating theatre.
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robot assisted partial nephrectomy probably due to the low incidence of bilateral 
renal tumors but also due to the difficulties of this type of surgery.
Experiences and lessons
This case report showed the feasibility, the safety, the time and cost effective-
ness of this procedure with a cosmetic benefit for the patient.   
Peer review
This is a well written and interesting case. 
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Abstract
Prostate cancer is the most common non-cutaneous 
malignancy for men. The skeleton is the most common 
metastatic site but, following an improvement in sur-
vival, metastases in uncommon sites are being found 
more frequently in clinical practice, especially brain me-
tastases. Despite the new drugs now available for met-
astatic castration resistant prostate cancer, no clinical 
evidence exists about their effectiveness on brain me-
tastases. We describe the clinical history of 3 patients 
treated with cabazitaxel plus whole brain radiotherapy. 
These case reports demonstrate that cabazitaxel is 
highly active and well tolerated in brain metastases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cabazitaxel; Brain metastases; Prostate 
cancer

Core tip: Due to the improvement in terms of survival, 

the incidence of brain metastases (BMs) has increased 
in patients with metastatic castration resistant prostatic 
cancer (mCRPC). Despite the large number of treat-
ments now available, the prognosis of patients with 
BMs is still poor. First, we demonstrate the efficacy of 
cabazitaxel on brain mestastases in three CRPC patients 
and then show its profile of tolerability in combination 
with whole brain radiotherapy. 

De Placido S, Rescigno P, Federico P, Buonerba C, Bosso D, 
Puglia L, Izzo M, Policastro T, Di Lorenzo G. Cabazitaxel in 
castration resistant prostate cancer with brain metastases: 3 case 
reports. World J Clin Cases 2014; 2(6): 228-231  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i6/228.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i6.228

INTRODUCTION
Prostate cancer (PC) is the most common non-cutaneous 
malignancy for men, with an estimated number of  new 
cases of  241740 in 2013 in the United States[1]. Never-
theless, PC is not the leading cause of  death in the male 
population due to its ability to rarely metastasize to or-
gans other than bones[2].

Although the skeleton remains the most common 
metastatic site, the availability of  new active drugs for 
metastatic castration resistant prostatic cancer (mCRPC) 
has changed the natural history of  this disease, leading to 
a considerable improvement in survival  so that  metas-
tases  in previously considered uncommon sites are now 
found more frequently[3].

Brain is the site of  metastases in almost 12% of  cases 
with a poor prognosis at their appearance[4].

Despite an increased incidence of  BMs, the impact 
of  new drugs for mCRPC on this metastatic site remains 
poorly understood. First of  all, patients with BMs are not 
routinely enrolled in phase Ⅲ clinical trials and there are 
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no prospective and ad-hoc studies in this particular set-
ting. Actually, there is only preclinical data showing that 
cabazitaxel is able to pass the brain-blood barrier (BBB)[5] 
but no evidence about its efficacy in humans.

Otherwise, there is also little data concerning the role 
of  radiation therapy on the treatment of  BMs from PC 
which seems to have only a palliative intent[6]. Here, we 
describe three case reports of  brain metastases in CRPC 
patients who were treated with cabazitaxel plus whole 
brain radiotherapy.

CASE REPORT
The patients were 70, 70 and 72 years old. All patients 
presented at diagnosis with a high risk disease (Table 1). 
Patients 1 and 2 did not receive primary treatment be-
cause bone metastases and lymph node metastases were 
detected with bone and computed tomography scans. 
These 2 patients began hormonal therapy with luteinizing 
hormone releasing hormone analogue (aLHRH) first and 
then with complete androgen blockage (CAB), adding 
bicalutamide 50 mg. 

Patient 3 underwent prostatectomy and radiotherapy 
for locally advanced disease. The disease progressed after 
5 mo due to the appearance of  bone metastases and aL-
HRH was started. All patients had a long androgen depri-
vation therapy (ADT) history (36-50 mo). Docetaxel was 
first line chemotherapy with a progression free survival 
(PFS) of  7, 7 and 11 mo respectively (Table 1). Patient 3 
was treated with abiraterone as second line treatment and 
progressed after 6 mo. 

The patients presented with multiple BMs (in number, 
2, 3 and 3 respectively) confirmed with a magnetic reso-
nance imagining (MRI) before starting cabazitaxel and 
the liver and lung were the other metastatic sites (Table 1). 
A total of  30 cycles of  cabazitaxel were administered at 
standard dose without reductions (Table 1). Contempo-
raneous whole brain radiotherapy was performed at the 
dose of  30 Gy. 

Patient 3 obtained a complete response on brain and 

liver metastases with a PSA reduction of  90% after 6 
cycles (Figure 1), while two partial responses in brain (the 
lesions were halved) and lung were observed, with a PSA 
decrease of  40% after 6 cycles for patient 1 and 2. 

No grade 3-4 toxicities were experienced; all patients 
received pegylated granulocyte colony stimulating factor 
(PEG-G-CSF) to prevent febrile neutropenia. The most 
important non-hematological toxicities were grade 2 nau-
sea and asthenia. 

The PFS of  patients 1 and 2 was 7 and 13 mo while 
patient 3 is still progression-free. Patients 1 and 2 re-
ceived further therapy after cabazitaxel (abiraterone and 
platinum regimen) and died after 3 mo.

DISCUSSION
BM appearance is a rare and terminal event in the natural 
history of  PC due to greater aggressiveness and poor 
response to common therapies. BMs are often essentially 
single, supratentorial and occur with nonfocal neurologi-
cal symptoms related to intracranial hypertension. A ret-
rospective study of  103 patients with BMs showed that 
radiotherapy alone is an effective treatment with a median 
survival of  3.5 mo[7]. 

Further improvement in survival was noted in five pa-
tients who underwent stereotactic radiosurgery (SRS). Al-
though no complete responses were obtained, symptoms 
improved[8].

BMs are more frequent in the CRPC setting than in 
the past due to the availability of  new drugs and longer 
survival of  metastatic patients. In the docetaxel era, the 
prognosis of  patients with BMs was still poor and me-
dian survival was only 8 weeks after BM diagnosis, dem-
onstrating the clinical ineffectiveness of  docetaxel[3].

Among the new approved drugs for mCRPC, such as 
cabazitaxel, abiraterone, enzalutamide and sipuleucel-T, 
only cabazitaxel has been shown to be able to pass the 
BBB. Cisternino and colleagues observed a non-linear ac-
cumulation of  cabazitaxel in the brains of  rats, occurring 
by saturation of  the P-glycoprotein in the BBB[5].
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Figure 1  Show a complete response in the brain lesions before and after 6 cycles of cabazitaxel. A, B: Brain metastases before cabazitaxel; C: Complete re-
sponse after 6 cycles of cabazitaxel.
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These 3 case reports describe the role of  cabazitaxel 
in patients with BMs for the first time and the results are 
encouraging for 3 reasons. 

Firstly, it shows the definite efficacy of  cabazitaxel 
in BMs with an amazing PFS compared with the Tropic 
trial PFS[9]. Secondly, the association of  whole brain ra-
diotherapy and chemotherapy with cabazitaxel gives bet-
ter results in terms of  radiological response and survival 
than the data presented above. 

Thirdly, the combination does not seem to be particu-
larly toxic, especially in terms of  hematological toxicities. 
We administered preventive PEG-G-CSF and, as previ-
ously shown in an Italian study, it reduced the grade 3 
and 4 neutropenia reported with cabazitaxel[10]. Of  note, 
all three patients had a gleason 8 at diagnosis, which is 
consistent with our previosly reported findings suggest-
ing improved PFS in patients with high gleason score 
receiving cabazitaxel[11].

Our case reports demonstrate that cabazitaxel im-
proved PFS and overall survival in our patients with BMs 
and is well tolerated in combination with we decided to 
report these cases in a full paper without presenting them 
as a meeting abstract, considering that only 50% of  ab-
stracts are subsequently published as full papers[12]. The 
lack of  ad-hoc studies and the exclusion of  men with 
brain metastases from phase Ⅲ trials make our data the 
first evidence in this field. Prospective trials are needed to 
confirm our preliminary results. 

COMMENTS
Case characteristics
All patients presented at diagnosis with a high risk disease.

Treatment
The authors demonstrate the efficacy of cabazitaxel on brain metastases in 
three castration resistant prostatic cancer patients and show its profile of toler-
ability in combination with whole brain radiotherapy.
Experiences and lessons
These case reports demonstrate that cabazitaxel is highly active and well toler-
ated in brain metastases.
Peer review
Nice, well written paper with interesting data potentially useful in the clinical set-
ting.
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Patient 1 Patient 2 Patient 3

  Age (yr) 70 70 72
  Comorbidities Hypertension Hypertension Diabetes 
  Primary 
  treatment

Hormonal 
therapy

Hormonal 
therapy

Surgery and 
radiation 
therapy

  Gleason score 8 (4 + 4) 8 (4 + 4) 8 (5 + 3)
  PSA at baseline1 
  (ng/mL)

158   82   17

  ADT time (mo) 38   36   50
  Docetaxel cycles 12     8     8
  PSA pre-
  cabazitaxel 
  (ng/mL)

95 292 140

  Sites of 
  metastases

Bone, lung, brain Bone, lung, brain Bone, liver, 
brain

  Cabazitaxel 
  cycles

12     8   10

  Best response PR on brain and 
lung

PR on brain and 
lung

CR on liver and 
brain

  Toxicities Anemia  grade 1, 
asthenia grade 2

Nausea grade 
2; neutropenia 

grade 2

Asthenia
 grade 2

Table 1  Patient characteristics

1Before primary treatment. ADT: androgen deprivation therapy; PR: Par-
tial response; CR: Complete response.
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Abstract
Meckel’s diverticulum is a very common congenital 
anomaly of the gastrointestinal tract but many cases 
remain asymptomatic and are diagnosed incidentally 
during laparoscopic or other surgical procedures. Cases 
of femoral hernia involving Meckel’s diverticulum are 
rare, with less than 50 cases reported in the literature 
since Littre published the first description of this coinci-
dent condition over 300 years ago. While all true “Littre’
s hernias” contain a Meckel’s diverticulum, the involved 
anatomical sites are various, the most common being 
the inner groin (inguinal), the outer groin (femoral), 
and the belly button (umbilical). Complications of Littre’
s hernias include incarceration, strangulation, necrosis, 
and perforation. Herein, we describe a case of Littre’s 
hernia that involved an incarcerated Meckel’s diverticu-
lum in a femoral hernia that was diagnosed upon inves-
tigation of symptomology manifesting from perforation 
and was successfully managed by surgical resection 
with stapler devices.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Meckel’s diverticulum; Incarceration; Littre 
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Core tip: Meckel’s diverticulum is most commonly di-

agnosed congenital anomaly of the gastrointestinal 
tract. Any hernia containing a Meckel’s diverticulum is 
designated as a Littre’s hernia. Although rare in overall 
incidence, the most common complications of Littre’s 
hernias are perforation, bowel obstruction secondary to 
strangulation, and incarceration within the hernial sac. 
In this case study, we present and share the diagnosis 
and successfully management of a case of incarcerated 
Meckel’s diverticulum in a femoral hernia (Littre’s her-
nia) with perforation.
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to incarcerated Meckel’s diverticulum in right femoral canal. 
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INTRODUCTION
The most commonly diagnosed congenital abnormality 
of  the small intestine, Meckel’s diverticulum, occurs when 
a portion of  the vitelline duct fails to properly regress 
into the antimesenteric border of  the terminal ileum at 
the end of  the seventh week of  gestation. As such, a 
Meckel’s diverticulum contains all layers of  the intestinal 
wall and is classified as a true diverticulum[1-6]. Estimates 
of  the incidence of  this condition have ranged from 0.3% 
to 3%, but its frequent asymptomatic nature may belie 
its true rates among the general population. Meckel’s 
diverticula can be diagnosed as incident findings in lapa-
roscopic or laparotomic examinations for unexplained 
symptoms or other conditions that have manifested clini-
cal symptoms. Any hernia containing a Meckel’s diver-
ticulum is designated as a Littre’s hernia. The most com-
mon sites of  these coincident anatomical abnormalities 
are the inner groin (inguinal hernia, approximately 50%), 
the outer groin (femoral hernia, approximately 20%), and 
the belly button (umbilical hernia, approximately 20%). 
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Although rare in overall incidence, the most common 
complications of  Littre’s hernias are perforation, bowel 
obstruction secondary to strangulation, and incarceration 
within the hernial sac[1]. Herein, we report the diagnosis 
and successfully management of  a case of  incarcerated 
Meckel’s diverticulum in a femoral hernia (Littre’s hernia) 
with ileal perforation. 

CASE REPORT
A 73-year-old female presented to our Emergency De-
partment with severe abdominal pain, nausea, and vomit-
ing; the symptoms had begun one week previous, but had 
increased in severity over the last two days. The patient 
also reported the last instances of  flatulence and defeca-
tion being three days previous. Results of  standard labo-
ratory blood tests were normal, hemoglobin: 13.2 g/dL 
(normal range, NR: 12.5-16.0), blood urea nitrogen: 22 
mg/dL (NR: 10-50 mg/dL), and creatinine: 0.5 mg/dL 
(NR: 0.4-1.2 mg/dL), with the exception of  a high white 
blood cell count [16000/µL (NR: 4100-11200/µL)] 
and neutrophil ratio [89% (NR: 50%-78%)]. In physi-
cal examination, auscultation revealed obstructive and 
hyperactive bowel sounds and palpation revealed serious 
tenderness with rebound pain that was particularly robust 
in the right lower quadrant. Abdominal radiographic ex-
amination showed air-fluid levels (Figure 1). Nasogastric 
decompression was performed in the Emergency De-
partment. The collected clinical symptoms and findings 
from biochemical analysis and radiological examination 
suggested acute mechanical small bowel obstruction pos-
sibly related to internal herniation or perforation. The 
patient was prepared for exploration. Laparotomy with a 
midline incision revealed a Meckel’s diverticulum with an 
ileal segment incarcerated in the right femoral canal and 
which had perforated the antimesenteric border of  the 
ileum (Figure 2). The abnormality was managed by first 
removing the diverticulum through the femoral canal, 
suturing the femoral canal closed, resecting the partial 
ileal segment that included the perforated ileal segment 
and Meckel’s diverticulum (15 cm in length), and creating 
a side-to-side anastomosis with stapler devices (Endo-
GIA Stapling System; Covidian, Dublin, Ireland). Post-

operative recovery was uncomplicated and the patient 
was discharged to home. Pathological analysis of  the 
resected tissues showed no signs of  gastric or pancreatic 
metaplasia.

DISCUSSION
In the first five weeks of  normal gestational develop-
ment, the Meckel’s diverticulum is the intestinal portion 
of  the omphaloenteric duct through which the midgut 
communicates with the umbilical vesicle. Located at the 
antimesenteric border of  the ileum, about 30 to 90 cm 
from the ileocecal valve, it can measure between 3 and 6 
cm in length and is usually approximately 2 cm in diam-
eter[2]. Failure of  the tissue to regress by gestational week 
7 is not fatal, and the congenital abnormality may remain 
asymptomatic (and undetected) throughout life. The lifetime 
complication rate estimated to be approximately 4%, with a 
higher incidence in males[4], and the most common compli-
cations are bleeding, inflammation, and obstruction[5].

Cases of  femoral hernia involving Meckel’s diverticu-
lum are rare, with less than 50 cases reported in the lit-
erature since Littre published the first description of  this 
coincident condition over 300 years ago[2]. A true Littre’s 
hernia contains a Meckel’s diverticulum alone, but cases 
of  mixed Littre’s hernia containing ileum or other ab-
dominal viscera have been reported[3]. Perforation of  the 
Meckel’s diverticulum may occur due to peptic ulceration 
or compromised circulation and luminal patency at the 
narrow neck of  the hernia[3].

Preoperative diagnosis of  a strangulated Littre’s her-
nia is unlikely, as the presenting signs and symptoms are 
subtler and evolve more slowly than those of  strangulat-
ed small intestine. Fever, pain, and signs of  intestinal ob-
struction occur late or not at all. Moreover, there may be 
no specific sign of  bowel involvement, other than local 
inflammation surrounding the hernia until an enterocuta-
neous fistula develops[5]. The septuagenarian case described 
herein presented with signs of  obstruction (i.e., serious 
abdominal tenderness, rebound pain, and air-fluid levels). 

In Littre’s hernia, obstruction can occur if  the base 
of  the diverticulum is broad enough to cause narrowing 
of  the intestinal lumen. Presenting symptoms are tender 

Yagmur Y et al . Perforation due to incarcerated Meckel’s diverticulum

June 16, 2014|Volume 2|Issue 6|WJCC|www.wjgnet.com 233

Figure 1  Air-fluid levels detected by abdominal radiography. The findings 
were compatible with intestinal obstruction.

Figure 2  Perforation area proximal to the Meckel's diverticulum. The 
Meckel’s diverticulum is indicated by a black arrow.



mass proximal to a hernial orifice with nausea, vomiting, 
abdominal pain, local groin pain and swelling. Pyrexia is 
normally associated with strangulation[5]. Repair of  the 
Littre’s hernia consists of  local diverticulum resection 
and herniorrhaphy. In cases of  perforation, care must be 
taken to not contaminate the hernia field[2], and resection 
of  the diverticulum ileal loop with end-to-end or side-to-
side anastomosis is the recommended treatment. 

COMMENTS
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Abstract
We present a case of an elderly man, who initially 
presented with right facial nerve palsy, ipsilateral head-
ache, elevated erythrocyte sedimentation rate (ESR) 
and no fever. A presumptive diagnosis of giant cell ar-
teritis was made and the patient was treated with high-
dose steroids. A temporal artery biopsy was negative. 
Several months later, while on 16 mg of methylpred-
nisolone daily, he presented with severe sensorimotor 
peripheral symmetric neuropathy, muscle wasting and 
inability to walk, uncontrolled blood sugar and psycho-
sis. A work-up for malignancy was initiated with the 
suspicion of a paraneoplastic process. At the same time 
a biopsy of the macular skin lesions that had appeared 
on the skin of the left elbow and right knee almost 
simultaneously was inconclusive, whereas a repeat 
biopsy from the same area of the lesions that had be-
come nodular, a month later, was indicative of Kaposi’s 

sarcoma. Finally, a third biopsy of a similar lesion, after 
spreading of the skin process, confirmed the diagnosis 
of Kaposi’s sarcoma. He was treated with interferon 
α and later was seen in very satisfactory condition, 
with no clinical evidence of neuropathy, normal muscle 
strength, no headache, normal electrophysiologic nerve 
studies, involution of Kaposi’s lesions and a normal 
ESR.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We present a case of an elderly man, who ini-
tially presented with right facial nerve palsy, ipsilateral 
headache, elevated erythrocyte sedimentation rate and 
no fever. A presumptive diagnosis of giant cell arteritis 
was made and the patient was started on high-dose 
steroids. Several months later, he presented with severe 
sensorimotor peripheral symmetric neuropathy. A biop-
sy of the macular skin lesions that had appeared almost 
simultaneously, was suggestive of Kaposi’s sarcoma. 
Although peripheral and cranial nerve involvement has 
not been reported in Kaposi’s sarcoma, we postulate 
that the patient’s condition could be attributed to that, 
within the context of a paraneoplastic process.

Daoussis D, Chroni E, Tsamandas AC, Andonopoulos AP. Facial 
nerve palsy, headache, peripheral neuropathy and Kaposi’s sar-
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INTRODUCTION
We present herein an interesting case of  an elderly patient 
with right facial nerve palsy, ipsilateral headache, elevated 
erythrocyte sedimentation rate (ESR), sensorimotor neu-
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ropathy and Kaposi’s sarcoma.

CASE REPORT
History report
Dimitrios Daoussis, MD: The patient was a 72-year-
old white man, who was initially admitted on September 
16, 2009 to the department of  neurology, with chief  
complaint of  severe persistent right sided headache. 
Twenty days prior to admission, he experienced acutely 
right facial nerve palsy of  peripheral type. Ten days later 
he developed severe right temporal headache, and was 
started on prednisolone 25 mg/d by oral administration 
(po) advised by a neurologist. He had noticed gradual im-
pairment of  hearing acuity since four months ago. Glau-
coma had been present for the last three years, and right 
eye blindness for ten years, due to an accident. There 
was no fever, and except for right peripheral facial nerve 
palsy, physical examination was unremarkable. Labora-
tory examination revealed a hematocrit of  35.1% with 
mean corpuscular volume 93.4, a white blood cell (WBC) 
count of  12700/μL, a platelet count of  372 000/μL and 
a markedly elevated ESR of  105 mm/h. All biochemical 
parameters and his serologic profile, including rheuma-
toid factor, antinuclear antibodies, complement (C3 and 
C4) and antineutrophil cytoplasmic antibodies (ANCA) 
were within the normal range. Computed tomography 
(CT) and magnetic resonance imaging (MRI) brain scans 
were normal. Otolaryngologic evaluation suggested bilat-
eral adhesive otitis, whereas ophthalmologic examination 
confirmed the presence of  glaucoma and the right side 
blindness. The patient was started on methylprednisolone 
48 mg/d po, with the presumptive diagnosis of  giant cell 
arteritis (GCA). He was discharged on this regimen on 
September 24, 2009, pending the result of  a right tempo-
ral artery biopsy, performed on the day of  discharge.

He was first seen at the rheumatology outpatient 
clinic three months later, on December 20, 2009, again 
complaining of  right temporal headache, despite of  hav-
ing been taking methylprednisolone 40 mg/d. The report 
of  the temporal artery biopsy was negative for GCA and 
steroid tapering was started.

On February 23, 2010, he reported deterioration of  
his headaches, whereas his ESR was 58 mm/h. Methyl-
prednisolone dose was increased back to 32 mg/d, and 
on March 22, 2010, his ESR had dropped to 6 mm/h 
and headaches had improved. Gradual tapering of  ste-
roids was again undertaken and an appointment after two 
months was given.

The patient was admitted to the department of  medi-
cine on June 26, 2010 with fatigue, profound muscle 
weakness, inability to walk and psychosis. While on meth-
ylprednisolone 16 mg/d, his admission glucose was 665 
mg/dL, whereas it had been always normal before. He 
was afebrile without headache. He was profoundly wast-
ed, with severe proximal muscle weakness and decreased 
deep tendon reflexes. The right facial nerve palsy had 
improved. Two bluish-red macules, about 1.5 cm in di-
ameter, were noticed over the skin of  the right knee and 

left elbow, respectively. Laboratory tests revealed a hema-
tocrit of  29.8%, mild leukocytosis, normal platelet count, 
an ESR of  28 mm/h, potassium of  3.73 mg%, sodium 
of  136 mg%, calcium of  8.64 mg%, magnesium of  1.5 
mg%, creatinine of  0.6 mg%, total serum protein of  5 g% 
with albumin 2 g%, and normal creatine phosphokinase, 
transaminases, alkaline phosphatase and normal urinaly-
sis. Serologic profile for rheumatic diseases and A, B and 
C hepatitis was unrevealing. Serum angiotensin convert-
ing enzyme (SACE) level was normal. A chest X-ray was 
also normal. An electrophysiologic evaluation was com-
patible with mixed sensorimotor neuropathy, worse on 
the lower extremities, but no myositis was found, except 
for changes due to chronic steroid administration. Cere-
brospinal fluid examination was normal. Proximal muscle 
biopsy did not disclose myositis, vasculitis or granuloma. 
A purified protein derivative skin test was negative. Thy-
roid function was also normal. 

With the suspicion of  an underlying occult malig-
nancy, an extensive work- up towards that direction was 
initiated; gastroscopy, barium enema, brain, thoracic 
and abdominal CT scans, thyroid ultrasound and cancer 
indices including alpha fetoprotein, carcinoembryonic 
antigen (CEA), CA 19-9, prostatic specific antigen, beta 
horionic gonadotrophin were all normal. A biopsy of  
the left elbow skin lesion displayed atypical changes (see 
pathological description below).

With the patient’s condition deteriorating, both clini-
cally and in laboratory test results (Ht = 20.3%, ESR = 
70 mm/h), with uncontrolled blood sugar levels, and 
cushingoid features, including psychosis and severe mus-
cle wasting, in an attempt to spare steroids, we treated the 
patient with methotrexate 7.5 mg/wk. His condition im-
proved and on July 24, 2000, one month after his admis-
sion, he was discharged on the above methotrexate dose, 
methylprednisolone 16 mg/d and insulin, to be followed 
closely.

On the August 23 appointment, the patient’s general 
condition was relatively satisfactory, with significant im-
provement of  his muscle strength, and a hematocrit of  
36.6% and ESR 15 mm/h. However, the previously not-
ed macules on the skin of  the left elbow and right knee 
had become nodular and a biopsy of  the lesion of  the 
elbow was taken. This biopsy was indicative of  Kaposi’s 
sarcoma, although not typical. One month later, on Sep-
tember 27, the patient returned with similar bluish-red 
nodules all over his body, typical of  Kaposi’s sarcoma, 
and a third biopsy confirmed the diagnosis. The metho-
trexate was discontinued and the patient was admitted on 
October 5, 2000 to the dermatology service and started 
on interferon α (IFNα-2α) treatment. At that time, his 
hematocrit was 35% and ESR 25 mm/h, whereas serol-
ogy for HIV was negative. An electrophysiologic nerve 
study showed definite improvement of  the neuropathy. 
He was discharged on November 18, 2000, on IFNα and 
methylprednisolone 16 mg/d.

On January 9, 2011 at his outpatient visit, he was 
found in very good condition, with normal muscle 
strength and gait, very mild right temporal headache, no 
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psychotic features, with normal deep tendon reflexes, and 
with only pale-brownish skin macules, remnants of  invo-
luted previous nodular lesions. A third electrophysiologic 
study showed further improvement of  the neuropathy, 
and the patient was put to regular follow-up.

Electrophysiologic nerve studies
Elisabeth Chroni, MD, PhD: The findings were con-
sistent with distal sensorimotor neuropathy of  mixed-
axonal and demylinating-type. On follow-up studies 5 
and 7 mo later, a gradual improvement was observed. 

Electromyography of  facial muscles showed denerva-
tion potentials (fibrillations and positive waves) at rest 
and poor recruitment of  motor units indicating axonal 
damage of  facial nerve. All the above are depicted in 
Table 1.

Pathological description
Athanassios C Tsamandas, MD: The first biopsy re-
vealed areas with proliferation of  fibroblasts and capillar-
ies, in the dermis (Figure 1A-D). The vessels of  medium 
size displayed fibrosis of  the wall, luminal narrowing and 
elastic lamina disruption without any fibrin deposition. 
The second biopsy (Figure 1E-G) was consistent with 
early changes of  Kaposi’s sarcoma (macular-patch stage).
The third biopsy (Figure 1H-M) showed a well-defined 
nodule composed of  vascular spaces and spindle cells 
that replaced the dermal collagen. Spindle cells and en-
dothelial cells lining the vascular clefts were CD34 (+). A 
diagnosis of  Kaposi’s sarcoma was made.

Retrospectively, the slides were reviewed and the fea-
tures in the first biopsy were suggestive of  a very early 
Kaposi’s sarcoma lesion.

DISCUSSION
Andrew P Andonopoulos, MD, FACP: It would be 
simplistic to guess that our patient had a Bell’s palsy, 
independent of  the neuropathy he later developed, and 
the malignancy which appeared almost concomitantly 
with the latter. The facial nerve palsy and the headache, 
along with the impressively elevated ESR, speak against 

the possibility of  idiopathic Bell’s palsy. Furthermore, the 
patient had no hypertension or diabetes. The psychotic 
episode that our patient suffered was probably associated 
with the iatrogenic Cushing. 

Similarly, the whole picture and its evolution are 
against the possibility of  a metabolic or toxic cause of  
the neurologic syndrome in our patient. Instead, it would 
be very suggestive of  a vasculitic process, if  not related 
to a paraneoplastic syndrome, due to the malignancy, 
which appeared almost simultaneously with the periph-
eral neuropathy.

At a first glance, there was a very strong diagnostic 
possibility of  GCA at the time of  the initial presentation 
of  this elderly gentleman, with temporal headache and an 
impressively elevated ESR. The negative biopsy, despite 
the fact that the specimen was meticulously examined 
and even recut later, does not rule out this possibility, 
because the procedure is not 100% sensitive[1]. However, 
one could argue that the response of  the headache to the 
treatment was not the one typically expected in GCA, as 
it was mentioned. The apparent response of  the ESR to 
steroid administration, does not necessarily mean that the 
elevated ESR was secondary to GCA, because similar re-
sponses may be encountered in several vasculitic or even 
other different processes. Furthermore, the development 
of  neuropathy secondary to GCA, on steroid treatment, 
would be unusual. Peripheral neuropathy has been de-
scribed in GCA as a rather rare manifestation, coincident 
with clinically active disease. In a study by Caselli et al[2] 
out of  166 consecutive patients with GCA, 23 had clini-
cal evidence of  peripheral neuropathic disease, of  whom 
11 had a generalized peripheral neuropathy, nine had 
mononeuritis multiplex and three had a mononeuropathy. 
Only a few reports of  facial nerve palsy in the context of  
GCA appear in the literature[3-7].

Wegener’s granulomatosis is, among the vasculitides, 
the one that can involve most commonly cranial nerves, 
besides causing peripheral neuropathy[8]. Our patient had 
no features of  Wegener’s  granulomatosis, without upper 
airway, lung or kidney involvement, and negative ANCA.

Polyarteritis nodosa would be another remote pos-
sibility, but the absence of  fever, hypertension and kidney 
involvement, along with the negative, for vasculitis, mus-
cle biopsy argue against this possibility[9]. Churg-Strauss 
syndrome could not account for our patient’s picture, 
because the hallmarks of  this entity were absent[10].

Isolated granulomatous vasculitis of  the central ner-
vous system could have been another possibility. The 
advanced age of  our patient, the impressively high ESR, 
and especially the normal brain MRI and cerebrospinal 
fluid argue strongly against this diagnosis[11]. Finally, our 
patient had no evidence of  sarcoidosis, with normal chest 
X-ray, normal SACE and negative for non-caseating 
granuloma muscle biopsy.

Keeping all the above considerations in mind, one 
then should try to correlate the patient’s manifestations 
with the malignant disease which he was found to have.

Axonal peripheral neuropathy, such as this patient 
had, can be a feature of  a paraneoplastic syndrome, 
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  Nerve Parameter 1st study 2nd study 3rd study Normal limits

  Motor conduction
     Median CV (ms) 46 60 60 ≥ 50

CMAP (mV)   4   6   6 ≥ 5
Min F-wave (ms) 32 28 27 ≤ 30

     Peroneal CV (ms) 35 40 43 ≥ 41
CMAP (mV)      0.4   1   2 ≥ 2

Min F-wave (ms) - - 54 ≤ 52
  Sensory conduction
     Sural CV (ms) - - 32 ≥ 40

SAP (μV) - -   4 ≥ 8

Table 1  Findings of nerve conduction serial studies in  this 
patient

CV: Conduction velocity; CMAP: Compound muscle action potential; 
SAP: Sensory action potential.
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Figure 1  Microphotographs. A, B: The first skin biopsy showing proliferation of fibroblasts (green arrows) and capillaries (blue arrows) in the dermis (H and E, A, × 
100; B, × 200); C: The same biopsy showing narrowing of the lumen of medium size vessels (green arrow) and blood cell extravasation (blue arrow) (H and E, × 200); 
D: The same biopsy showing lumen narrowing of a medium size vessel (green arrows) and fibroblast proliferation (blue arrow) (H and E, × 400); E, F: The second skin 
biopsy showing dilated and irregular vessels (green arrows) and blood extravasation (blue arrows). (H and E, E, × 100; F, × 200); G: The same biopsy showing the 
presence of siderophages (green arrow) (H and E, × 400); H: The third skin biopsy showing a well-defined nodule composed of vascular spaces and spindle cells that 
has replaced the dermal collagen (H and E, × 20); I: At a higher magnification, there are blood-filled vessels (green arrow), spindle cells (yellow arrow) and blood cell 
extravasation (blue arrow) (H and E, × 200); J, K: The same biopsy showing compartmentalization of the nodule by bands of fibrocollagen tissue (green arrows); L, M: 
The same biopsy showing that spindle cells (green arrows) and endothelial vascular cells (blue arrows) expressed CD34. Streptavidin-biotin perixidase (L, × 100; M, ×
200).
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shared by several malignancies, mainly of  the lung, but of  
other organs as well. A meticulous search of  the literature 
did not result in the finding of  any report of  Kaposi’s 
sarcoma associated with a paraneoplastic picture from the 
nervous system, nor with any related to direct peripheral 
nerve invasion by this particular malignancy. However, 
this possibility cannot be excluded in our patient, and in 
view of  our inability to find another cause responsible for 
his symptoms, if  we wanted to put everything under one 
basic pathogenetic process, it would be very tempting to 
attribute the whole picture to the underlying malignancy.

On the other hand, it would be very difficult to accept 
that Kaposi’s sarcoma in our patient developed iatrogeni-
cally, following immunosuppression. Kaposi’s sarcoma 
may be caused by iatrogenic immunosuppression, but this 
has been mainly reported in transplant patients, receiving 
heavy immunosuppressive treatment with cyclosporin A 
and steroids with azathioprine. In addition, our patient 
must have Kaposi’s lesions, although not diagnosed, as 
it could be documented from the presentation, before 
methotrexate was started.

In conclusion, although peripheral and cranial nerve 
involvement has not been reported in Kaposi’s sarcoma, 
we postulate that the patient’s condition could be attribut-
ed to this within the context of  a paraneoplastic process. 

COMMENTS
Case characteristics
A 72-year-old man with ipsilateral headache, skin lesions and neuropathy.
Clinical diagnosis
Facial nerve pulsy and peripheral neuropathy.
Differential diagnosis
Giant cell arteritis (GCA) or other systemic vasculitis vs paraneoplastic manifes-
tations in the context of Kaposi’s sarcoma.
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Experiences and lessons
A paraneoplastic process may present with atypical manifestations.
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Although peripheral and cranial nerve involvement has not been reported in Ka-
posi’s sarcoma, authors postulate that the patient’s picture could be attributed to 
this within the context of a paraneoplastic process. This is a very interesting case. 
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Abstract
Atherosclerotic cardiovascular diseases, chronic inflam-
matory diseases of multifactorial etiology, are the lead-
ing cause of death worldwide. In the last decade, more 
infectious agents, labeled as “infectious burden”, rather 
than any single pathogen, have been showed to con-
tribute to the development of atherosclerosis through 
different mechanisms. Some microorganisms, such 
as Chlamydia pneumoniae  (C. pneumoniae ), human 
cytomegalovirus, etc.  may act directly on the arterial 
wall contributing to endothelial dysfunction, foam cell 
formation, smooth muscle cell proliferation, platelet ag-
gregation as well as cytokine, reactive oxygen specie, 
growth factor, and cellular adhesion molecule produc-
tion. Others, such as Helicobacter pylori  (H. pylori ), in-
fluenza virus, etc.  may induce a systemic inflammation 
which in turn may damage the vascular wall (e.g. , by 
cytokines and proteases). Moreover, another indirect 
mechanism by which some infectious agents (such as 
H. pylori , C. pneumoniae , periodontal pathogens, etc. ) 
may play a role in the pathogenesis of atherosclero-
sis is molecular mimicry. Given the complexity of the 
mechanisms by which each microorganism may con-
tribute to atherosclerosis, defining the interplay of more 

infectious agents is far more difficult because the pro-
atherogenic effect of each pathogen might be ampli-
fied. Clearly, continued research and a greater aware-
ness will be helpful to improve our knowledge on the 
complex interaction between the infectious burden and 
atherosclerosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Infectious burden; Atherosclerosis; Bacte-
ria; Virus; Pathogenetic mechanisms 

Core tip: Several studies support the hypothesis that 
the infectious burden (IB) may be more involved in 
the pathogenesis of atherosclerosis than any single 
pathogen. However, because of the complexity of the 
interplay of more infectious agents in the host and the 
limitations of the methods available for the assessment 
of IB, the role of IB in the pathogenesis of atheroscle-
rosis may have been underestimated.

Sessa R, Di Pietro M, Filardo S, Turriziani O. Infectious bur-
den and atherosclerosis: A clinical issue. World J Clin Cases 
2014; 2(7): 240-249  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i7/240.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i7.240

INTRODUCTION
Atherosclerosis, a chronic inflammatory disease of  multi-
factorial etiology, may be considered as a multistage pro-
cess, starting from the endothelial injury to the fibrous 
cap and thrombus formation in the advanced plaque. 
Key process in the development of  atherosclerosis is low 
density lipoprotein (LDL) oxidation and accumulation 
in vascular cells, promoting foam cell formation as well 
as increased secretion of  mediators of  inflammation, 
such as interleukin (IL)-1, IL-6 and tumor necrosis factor 
(TNF)-α[1]. The inflammatory state, in turn, can induce 
oxidative stress by enhancing the production of  reactive 
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oxygen species (ROS) in the vascular wall[1], contribut-
ing to the progression and destabilization of  atheroscle-
rotic plaque and consequently to cardiovascular diseases 
(CVDs). It is well known that CVDs are the leading cause 
of  death worldwide, accounting for approximately 17.3 
million deaths per year[2].

Current opinion is that increased incidence of  CVDs 
is probably the result of  a high prevalence of  both tra-
ditional risk factors such as hypertension, dyslipidemia, 
etc. and nontraditional risk factors including inflamma-
tion, oxidative stress, and infectious agents[3]. In the last 
decade, infectious agents have acquired a growing impor-
tance, since they are able to induce inflammation and/or 
oxidative stress[4].

More recently, several studies have provided evidence 
that more infectious agents, for example, Chlamydia pneu-
monia (C. pneumoniae), Helicobacter pylori (H. pylori), human 
cytomegalovirus (HCMV), Herpes simplex virus (HSV), 
labeled as “infectious burden” (IB), rather than any single 
pathogen, may be involved in the development of  ath-
erosclerosis and the subsequent cardiovascular events.

EVIDENCE LINKING INFECTIOUS BURDEN 
WITH ATHEROSCLEROSIS
Zhu et al[5] were the first to show the association between 
increasing risk of  coronary artery disease (CAD) and 
increasing number of  infectious agents including C. pneu-
moniae, H. pylori, HCMV, HSV-1 and 2, and hepatitis A 
virus (HAV). Indeed, the prevalence of  CAD was 48%, 
69% and 85% in individuals with seropositivity to ≤ 2 
pathogens, to 3 or 4 pathogens and to 5 pathogens re-
spectively. Since then, several serological studies found a 
prospective relation between increasing number of  infec-
tious agents (HSV-1 and 2, HCMV, Epstein Barr virus, 
EBV, Haemophilus influenzae, C. pneumoniae, Mycoplasma pneu-
moniae, and H. pylori) and CVD outcomes[6-8]. At the same 
time, serological assessments demonstrated the associa-
tion between increasing number of  infectious agents (C. 
pneumoniae, H. pylori, M. pneumoniae, H. influenzae, HCMV, 
EBV, HSV-1 and 2) and progression of  atherosclero-
sis[9,10]. Again, cross-sectional and case-control studies 
confirmed the relationship between the seropositivity to 
C. pneumoniae, H. pylori, HAV, HCMV, HSV-1 and 2, and 
atherosclerosis[11,12]. 

The evidence for a direct contribution of  IB in the 
pathogenesis of  atherosclerosis is based on the simulta-
neous detection of  two pathogens in the atherosclerotic 
plaque (C. pneumoniae and H. pylori or M. pneumoniae and C. 
pneumoniae or C. pneumoniae and HCMV)[13-15]. Better yet is 
the evidence for a synergistic effect of  C. pneumoniae and 
H. pylori, M. pneumoniae and C. pneumoniae, HCMV and C. 
pneumoniae in initiating or aggravating atherosclerosis in 
several animal models[16-18]. Similarly, there are some data 
showing the synergistic effect of  the co-infection with C. 
pneumoniae and HCMV on the expression of  atherogenic 
factors including IL-6, IL-8 and basic fibroblast growth 
factor in vascular smooth muscle cells (VSMCs) involved 

in advanced plaque formation[19]. Also seropositivity for 
both C. pneumoniae and HCMV infections was found to 
be associated with premature myocardial infarction even 
after adjustment for coronary risk factors and socioeco-
nomic status[20].

Interestingly, the significant association between the 
increasing number of  infectious agents together with 
elevated IL-6, C-reactive protein (CRP), and fibrinogen 
levels, and CAD prevalence, supports the hypothesis that 
inflammation may be one pathway by which more infec-
tious agents and CVDs are linked[5,8,12].

The involvement of  IB in the pathogenesis of  ath-
erosclerosis is expected since numerous infectious agents 
have been shown to play a role in the development and 
progression of  atherosclerosis[4].

C. pneumoniae, an obligate intracellular bacterium, is 
responsible for respiratory infections such as sinusitis, 
pharyngitis and pneumonia. Exposure to C. pneumoniae 
is extremely common and epidemiological studies indi-
cate that anti-C. pneumoniae antibody prevalence is 50% 
by the age of  20 and increases with increasing age[21]. C. 
pneumoniae is characterized by the ability to systematically 
disseminate from the lungs through peripheral blood 
mononuclear cells and to localize in several extrapulmo-
nary tissues[22-25]. In recent years, it has been demonstrated 
that C. pneumoniae, in response to several stress conditions 
(iron or essential amino acid starvation, interferon (IFN)-γ 
or antibiotic treatment), can generate a persistent form 
during its developmental cycle[26-29]. Chlamydial persistent 
form may endure for a long time inside host cells since 
it is more suited to evade the host immune response and 
is more difficult to eradicate with antibiotics, leading to a 
chronic inflammatory state[26].

Cumulative evidence on the involvement of  C. 
pneumoniae and atherosclerosis has been provided by se-
roepidemiological studies[30-32], C. pneumoniae DNA detec-
tion in the atherosclerotic plaque[31-33], the isolation of  
viable bacteria from the atheroma[4,32] and in vivo studies, 
demonstrating that C. pneumoniae infection may acceler-
ate the progression of  atherosclerotic lesion in animal 
models[4,31,34]. Lastly, in vitro studies have evidenced that C. 
pneumoniae is able to multiply within vascular cells, such 
as macrophages, endothelial cells, SMCs and platelets, 
and to induce chronic inflammation through the elicita-
tion of  inflammatory cytokines (e.g., IL-6, IL-1β and 
TNF-α)[31,32,35]. Furthermore, once inside the vascular tis-
sue, C. pneumoniae has been shown to induce the produc-
tion of  ROS leading to oxidative stress, which contributes 
to LDL oxidation and accumulation within vascular cells 
and to foam cell formation[36].

Periodontal pathogens, such as Porphyromonas gingivalis 
(P. gingivalis), Aggregatibacter actinomycetemcomitans (A. actino-
mycetemcomitans), Tannerella forsythia (T. forsythia), Prevotella 
intermedia, Fusobacterium nucleatum (F. nucleatum), Treponema 
denticola, Campylobacter rectus, Streptococcus sanguis, and Strep-
tococcus mutans, are responsible of  a complex group of  
chronic oral inflammatory diseases like periodontitis or 
gingivitis. Over the last years, different lines of  evidence 
have supported the role of  periodontal bacteria in cardio-
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vascular diseases. First of  all, it has been demonstrated 
that oral bacteria can disseminate in the blood stream 
causing bacteriemia[37] and localize in vascular wall. In-
deed, DNA, RNA and antigens of  a variety of  oral 
bacterial species (e.g., P. gingivalis, A. actinomycetemcomitans, 
T. forsythia and F. nucleatum) have been detected in athero-
sclerotic plaques[4]. More importantly, evidence of  live P. 
gingivalis and A. actinomycetemcomitans in the atheroma[38], 
supports the direct involvement of  these pathogens in 
the pathogenesis of  atherosclerosis. Moreover, in vivo 
studies have shown the ability of  P. gingivalis to accelerate 
atherosclerosis in murine models[4,39] and to induce aortic 
and coronary lesions in both normocholesterolemic and 
hypercholesterolemic pigs[40]. In vitro studies have dem-
onstrated that periodontal pathogens are able to infect 
endothelial cells, SMCs and macrophages, eliciting the 
production of  proinflammatory cytokines and chemo-
kines (e.g., IL-6 and monocyte chemoattractant protein 
(MCP)-1) and the formation of  foam cells, hence con-
tributing to atherosclerosis[41,42].

H. pylori, a common cause of  chronic gastritis as 
well as a risk factor for gastric cancer, is widespread in 
the general population. In the last decade, it has been 
considered as a possible risk factor for atherosclerosis, 
since H. pylori DNA has been found in the atheroscle-
rotic plaque[4,14]. Several seroepidemiological studies have 
confirmed a relationship between H. pylori and athero-
sclerosis although others have failed to demonstrate such 
an association[43-46]. Controversial are data showing the 
ability of  H. pylori to accelerate the atherosclerotic lesion 
development in mouse models[4]. However, H. pylori may 
also contribute to the systemic inflammation underlying 
atherosclerosis through the elicitation of  acute-phase 
reactants (e.g., CRP) and inflammatory cytokines (e.g., 
IL-6)[47].

Other bacteria, such as M. pneumoniae, have been 
proposed as possible pathogens in atherosclerosis with 
controversial results. Several seroepidemiological studies 
have found the association between CVDs and M. pneu-
moniae[48,49]. Furthermore, an in vivo study has demonstrat-
ed that M. pneumoniae infection aggravated atherosclerosis 
in hypercholesterolemic mice[18]. However, pathological 
studies have not supported the association between this 
microorganism and atherosclerosis, since M. pneumoniae 
DNA has been detected in atherosclerotic tissues as well 
as in healthy vessels[4].

Lifelong persistent infection with HCMV has been 
also associated with atherosclerosis. HCMV was first 
detected in human atheromatous tissue by Benditt et al[50] 
in 1983. Experimental data have shown the ability of  
HCMV to infect the human vascular wall, resulting in al-
tered function of  the endothelium[51]. Furthermore, both 
antigen and nucleic acid sequence of  HCMV have been 
detected in SMCs from carotid artery plaques[52-54].

In addition, HCMV DNA has been more often de-
tected in arterial samples from patients with atherosclero-
sis than in control subjects[55]. Similarly, higher prevalence 
as well as higher titer of  HCMV antibody have been 
observed in patients undergoing vascular surgery for 

atherosclerosis than in control subjects[56]. In addition, a 
meta-analysis study has reported a significant increased 
coronary heart disease risk for patients infected with 
HCMV[57]. 

Recently it has been suggested that HSV-2, but not 
HSV-1, was associated with premature CVD[58]. Consis-
tent with a potential relationship between HSV-2 and 
CVD, Raza-Ahmad et al[59] previously examined coronary 
artery specimens of  patients undergoing coronary artery 
bypass grafting and found 45% of  them positive for 
HSV-2 and only 1% positive for HSV-1. Likewise, a large 
cross sectional study linked HSV-2 to hypertension, but 
it did not find any association with HSV-1. The reasons 
of  the association with HSV-2 and not with HSV-1 are 
unclear. 

There is also evidence supporting the role of  influ-
enza as a trigger for cardiovascular events[60]. However, 
data are debated. Some authors think that influenza (A 
and B) seropositivity is not a predictor of  risk for CAD. 
Others propose that influenza virus might play a role in 
atherogenesis or atherothrombosis and that influenza 
vaccination might reduce the risk of  recurrent myocardial 
infarction[60,61]. Recently, a correlation between influenza 
B virus infection and acute myocardial infarction has 
been reported[62].

Although there have been positive associations of  
antibody titers or viral antigens of  the hepatitis viruses 
with CVD[63-65], many recent studies have reported no as-
sociation. Zhu et al[63] has suggested a causal role for HAV 
infection in atherogenesis, on the basis of  a significantly 
higher prevalence of  CAD among subjects living in the 
Washington, DC, area who had serum IgG antibodies 
to HAV. The same research group has reported a high 
relative hazard for myocardial infarction or death among 
individuals positive for IgG antibodies to HAV. However, 
some authors believe that epidemiological evidence ar-
gues against a significant role for HAV infection in ath-
erogenesis, since in countries where HAV infection is far 
less frequent, such as  northern European countries and 
Australia, the incidence of  cardiovascular diseases is re-
markably higher than that detected in countries showing 
an high HAV infection prevalence[66].

Several studies have also investigated the association 
of  atherosclerosis with hepatitis C virus (HCV) infec-
tion, with conflicting results. Some studies have reported 
that the presence of  antibody against HCV was associ-
ated with an increased risk of  carotid artery plaque in 
the general population[65]. In addition, positive-strand 
HCV RNA has been detected in carotid plaque tissues 
from anti-HCV antibody-positive patients but it was not 
detected in anti-HCV antibody-negative patients[67,68]. 
Furthermore, multivariate logistic regression analysis has 
showed that HCV core protein positivity was an inde-
pendent predictor of  carotid plaque, supporting the pos-
sible link between persistent HCV infection and carotid 
atherosclerosis in subjects without severe liver dysfunc-
tion[69]. Patients with chronic HCV infection are known 
to develop not only hepatitis, but also various metabolic 
disorders[70,71]. Indeed, HCV affects both glucose and 
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lipid metabolism. Recent population-based studies have 
demonstrated hypolipidemia in subjects with chronic HCV 
infection[72,73]. Although altered lipid metabolism is linked 
to atherosclerosis, the effect of  HCV on atherosclerosis 
remains controversial[73-75]. A systematic review published by 
Roed et al[76] has suggested an increased risk of  CAD in 
HCV infected individuals. Recently, a study has revealed 
that chronic HCV infection was associated with increased 
insulin resistance and with mild atherosclerosis, thus un-
derlining the complexity of  this association[77].

A growing body of  literature reports that human 
immunodeficiency virus (HIV) infected patients suffer 
from an elevated risk for both subclinical atherosclerotic 
disease and CVD events than uninfected individuals[78-81]. 
However, the results of  a meta-analysis as well as a 
number of  independent studies have questioned this as-
sociation[82,83]. Furthermore, antiretroviral therapy (ART) 
has been shown to have independent effects on lesion 
development in several experimental studies, and some 
compounds, such as protease inhibitors, are associated 
with lipodystrophy, central adiposity, hyperlipidaemia, 
and endothelial dysfunction, all recognized risk factors 
for CVD[84-86]. However, the risk of  CVD associated with 
HIV infection is not fully accounted for by the effects of  
antiretrovirals in these studies. Indeed, other papers have 
suggested that direct HIV infection of  endothelial cells 
could contribute to atherosclerosis by causing endothelial 
dysfunction[87]. Furthermore, Hsue et al[88] have shown 
that increased atherosclerosis can occur in the absence of  
ART in HIV-infected patients. Recently, Desvarieux et al89] 
have further emphasized the role of  HIV in atherosclero-
sis, reporting the preponderant association of  HIV infec-
tion (rather than ART) with increased atherosclerosis in 
never smokers, thus also determining the validity of  the 
relationship independent of  this important confounder. 

POSSIBLE MECHANISMS UNDERLYING 
INFECTIOUS BURDEN RELATED TO 
ATHEROSCLEROSIS
A substantial body of  evidence supports the hypothesis 
that more infectious agents rather than a single patho-
gen may contribute to atherosclerosis through different 
mechanisms (Figure 1). Some microorganisms, such as A. 
actinomycetemcomitans, may act directly on the arterial wall 
contributing to endothelial dysfunction, foam cell forma-
tion, SMC proliferation, platelet aggregation and cytokine 
production[4,41]. Otherwise, microorganisms, such as H. 
pylori, may induce a systemic inflammation which in turn 
may damage the vascular wall (e.g., by cytokines and pro-
teases). Indeed, many observational studies have reported 
the association of  the seropositivity to H. pylori with a 
sensitive marker of  systemic inflammation and even pre-
dictor of  acute cardiovascular events such as CRP[90,91].

Furthermore, there are also infectious agents, such 
as C. pneumoniae and P. gingivalis, that may contribute to 
atherosclerosis by both direct and indirect mechanisms. 
As a direct effect, these microorganisms have been 

shown to infect macrophages, SMCs and endothelial 
cells inducing the production of  ROS, cytokines (IL-6, 
IL-1β and TNF-α, etc.), growth factors (basic fibroblast 
growth factor, bFGF, tumor growth factor (TGF)-β, etc.) 
and cellular adhesion molecules (vascular cell adhesion 
molecule-1, VCAM-1, intercellular adhesion molecule-1, 
ICAM-1, endothelial-leukocyte adhesion molecule-1, 
ELAM-1, etc.), all responsible for the typical pathologi-
cal changes of  the atherosclerotic plaque[36,41,42]. On the 
other hand, C. pneumoniae and P. gingivalis can contribute 
to atherosclerosis indirectly by inducing systemic inflam-
mation[92,93]. Indeed, circulating cytokines (IL-6) and acute 
phase proteins (serum amyloid A), produced in response 
to systemic infection of  animal models with C. pneumoniae 
or P. gingivalis, have been associated with the progression 
and destabilization of  atherosclerotic lesions[94,95]. Also, in 
human, increases in circulating CRP levels and P. gingivalis 
or C. pneumoniae antibody levels have been associated with 
an increased risk of  CAD[4,96].

Another indirect mechanism by which infectious 
agents play a role in the pathogenesis of  atherosclerosis 
is molecular mimicry. There is evidence that the humoral 
immune response against the heat shock proteins (HSPs) 
found in C. pneumoniae, H. pylori and P. gingivalis, may 
cross-react with human HSPs in vascular cells, initiating 
an autoimmune process, responsible for vascular endo-
thelial injury[97-99]. In fact, antibody levels against HSPs 
have been associated with early and advanced atheroscle-
rosis[100]. In addition, in vivo studies have also confirmed 
that the T-cell immune response against HSP, derived 
from H. pylori, C. pneumoniae and P. gingivalis, could pro-
mote atherogenesis[101-103].

As far as concern viral agents, data supporting a direct 
effect of  these agents on the pathogenesis of  atheroscle-
rosis are usually weak; infections with viruses are more 
likely to have an indirect effect on the initiation and pro-
gression of  atherosclerosis.

Relative to HCMV, it has been observed that SMCs 
isolated from atherosclerotic coronary lesions, harbor 
HCMV DNA sequences and express immediate early 
proteins, such as IE84, one of  the immediate early 
proteins of  the virus that binds and inhibits p53[104]. In-
hibition of  p53 by the virus is held responsible for the 
enhanced proliferation of  SMCs and impaired apoptosis, 
either of  which may contribute to restenosis[104]. Further-
more, persistent infection of  HCMV in endothelial cells 
leads to dysfunction of  these cells and activates proin-
flammatory signaling pathways, which promote enhanced 
proliferation and migration of  monocytes and SMCs into 
intima of  the vascular wall as well as lipid accumulation 
and expansion of  the atherosclerotic lesion[105,106].

The precise mechanism by which influenza virus in-
fection contributes to atherosclerosis is unclear, however 
inflammation and coagulopathy seem to be key factors. 
Specifically, the potential mechanisms may include: (1) 
antigenic cross-reactivity; (2) an increase in pro-inflam-
matory and prothrombotic cytokines, such as IL-2, IL-6, 
IL-10 and IL-18; (3) pronounced expression of  inflam-
matory cytokines by infected monocytes and reduced 
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clotting time; (4) increased trafficking of  macrophages 
into the arterial wall; and (5) induction of  procoagulant 
activity in infected endothelial cells, reduced clotting time, 
and increased expression of  tissue factor[60,62]. Repeated 
influenza virus infection may injure vascular endothe-
lial cells and initiate the inflammatory response that is 
required to accelerate and enhance the development of  
atherosclerosis.

It has been suggested that influenza virus may trigger 
the destabilization of  already present vulnerable plaques. 
Naghavi et al[107] have showed that inoculation of  influ-
enza virus A in atherosclerotic apolipoprotein E-deficient 
mice led to a marked increase in inflammation and 
thrombosis in plaques but not in normal area. Influenza 
virus infection may cause the production of  IL-2, IL-6, 
IL-10, IL-18, IFN-γ and TNF-α, which induces endo-
thelial cells to release endothelin (ET)-1, sICAM-1 and 
sVCAM-1. These inflammatory cytokines may trigger the 
destabilization of  existing vulnerable plaques and lead to 
an acute myocardial infarction without being involved in 
the development or progression of  atherosclerosis[108]. 

As stated before, the role of  HCV in atherosclerosis 
is widely debated. A role of  chronic inflammation in ath-
erogenesis has been suggested[109] because chronic HCV 
infection has been associated with vasculitis and mixed 
cryoglobulinemia, which may cause vascular injury as 
well as cerebrovascular damage[110]. Concentrations of  sI-
CAM-1 have been reported to be higher in HCV patients 
than in control subjects[111], and Cacoub et al[112] have re-
ported a possible association of  anti-endothelial cell auto-
antibodies, commonly observed in HCV patients but not 
in other viral diseases, with vasculitis. However, a recent 

paper has demonstrated a favorable effect of  HCV on 
atherosclerosis[77] probably due to the alteration in lipid 
parameters of  the subjects with chronic HCV infection 
caused by the progression of  liver disease and partly by a 
metabolic process associated with HCV replication.

Several papers have reported that atherosclerosis is 
consistently higher among the HIV positive patients, 
with or without treatment. Recently Shrestha et al[113] have 
postulated three key sequential biological processes that 
lead to accelerate progression of  atherosclerosis: (1) in-
flammation leads to the recruitment of  monocytes; (2) 
monocytes migrate to the endothelium and differentiate 
to macrophages and foam cells; and (3) apoptosis of  
foam cells leads to plaque development through calcium-
dependent endoplasmic reticulum stress. The HIV itself, 
or together with treatment, affects this progression by in-
creasing inflammation, promoting the transformation of  
monocytes, and increasing apoptosis through ER stress 
and an imbalance of  calcium.

Given the complexity of  the mechanisms by which 
each microorganism may play a role in the pathogenesis 
of  atherosclerosis, defining the interplay of  more infec-
tious agents is far more difficult because the pro-athero-
genic effect of  each pathogen might be amplified.

ASSESSMENT OF INFECTIOUS BURDEN 
RELATED TO ATHEROSCLEROSIS
The main unanswered question is the definition of  IB. 
Several infectious agents, such as C. pneumoniae, H. influen-
zae, H. pylori, M. pneumoniae, HCMV, HSV, EBV and HAV, 
etc. have been proposed as constituting the IB related to 
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Figure 1  Schematic representation 
of transversal artery section. Possible 
etiopathogenetic mechanisms of the in-
fectious agents in atherosclerotic plaque 
development. C. pneumoniae :  Chlamydia 
pneumoniae; HCMV: Human cytomega-
lovirus; H. pylori: Helicobacter pylori; M. 
pneumoniae: Mycoplasma pneumoniae; 
HCV: Hepatitis C virus; HIV: Human 
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atherosclerosis, but, to date, there is no consensus both 
on the number and on which microorganisms should be 
considered.

The majority of  the infectious agents involved in the 
IB are widespread, as evidenced from the high prevalence 
of  antibodies in the general population; more than half  
of  the world population is seropositive, for example, to 
C. pneumoniae, H. pylori, HCMV and HSV. Again, HSV, 
HCMV, C. pneumoniae and H. pylori infections could be ac-
quired early in life, and persist over time. The situation is 
further complicated by the fact that the infectious agents 
involved in IB are responsible for persistent infection (e.g., 
HIV and C. pneumoniae), repeated infection (e.g., influenza 
virus), latent infection followed by life-long reactivation 
(e.g., HSV and HCMV) or chronic infection (e.g., HBV, 
HCV and, H. pylori). 

Nowadays, the assessment of  the IB related to ath-
erosclerosis is based mainly on serological methods. The 
main limitations of  serology are to define whether the 
antibody response reflects a past or chronic infection and 
to identify the differences in seropositivity between pa-
tients and general population, especially if  seropositivity 
is common. In addition, serological diagnostic methods 
are not appropriate for the detection of  novel or rare 
pathogens. Lastly, most serological assays are designed 
for diagnostic testing in clinical settings, and not for the 
assessment of  the burden of  infections acquired through 
life. Notably, most of  the infectious agents involved in 
the IB, such as C. pneumoniae, H. pylori, HSV, and HCMV, 
can cause asymptomatic infections that are not routinely 
investigated. As a result, these undiagnosed infections, if  
left untreated, can contribute to the development of  se-
vere complications, including CVDs. 

Other technical obstacles in the assessment of  the IB 
related to atherosclerosis include difficulties in obtaining 
atherosclerotic plaques and in isolating and culturing cer-
tain infectious agents. Indeed, atherosclerotic plaques are 
obtained too late during the course of  the disease to be 
of  clinical use.

Another intriguing issue is the interaction of  more 
infectious agents with host factors, such as age, gender, 
ethnicity, and other concomitant infections or clinical 
conditions that may impair the host immune system, thus 
potentially modifying the establishment, progression and 
outcome of  the infection. Moreover, genome-wide asso-
ciation studies have now convincingly shown that the sus-
ceptibility to an infection as well as the diverse outcomes 
(for example the resolution of  infection, the clinical dete-
rioration to severe disease, or the progression from acute 
infection to persistent infection) can be, at least, partly 
explained by genetic variation[114]. In this regard, a recent 
study has showed that IL-6 gene polymorphisms appear 
to influence the susceptibility to the atherogenic effect of  
more infectious agents including C. pneumoniae, CMV, H. 
pylori and HSV-1[115].

CONCLUSION
Based on the extent of  the issues previously described, 

the role of  the IB in the pathogenesis of  atherosclerosis 
may have been substantially underestimated, so that the 
true impact of  IB is likely to be much greater than it is 
currently recognized. 

Different approaches could be taken to address the 
problem; one possibility may be to conceive a well-
designed protocol that includes the number and the 
type of  infectious agents, the antibody response (IgG 
and/or IgA) as well as the monitoring of  antibody titer, 
atherosclerotic biological markers and cytokines. The 
latter are particularly critical in chronic viral infections, 
such as HIV infection, in which two monocytes surface 
markers (CD11b and chemokine (C-X-C motif) receptor 
(CXCR)-1) have been proposed as predictors of  CVD[116]. 

Clearly, continued research and a better awareness of  
this problem will be helpful to improve our knowledge on 
the complex interaction between IB and atherosclerosis.
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Abstract
A number of animal and human studies suggest omega 
3-fatty acids are anti-inflammatory. As a result they 
may have a therapeutic role in inflammatory bowel 
disease (IBD). The aim of this review is to briefly as-
sess the literature about the utility of poly-unsaturated 
fatty acids (PUFAs) in the management of IBD. Taken 
together, almost all studies suggest some beneficial ef-
fects of n-3 PUFAs in IBD but the mechanism remains 
controversial. In addition, clinical benefit seems to be 
largely confined to ulcerative colitis. However all stud-
ies have concluded that these compounds have no 
potential for a steroid/aminosalicylic acid sparing effect 
or to maintain remission. Now the question arises as to 
whether this treatment is of real value to IBD patients? 
Clearly they have some therapeutic potential but fur-
ther work is needed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fish oil; Ulcerative colitis; Crohn’s disease; 
Treatment; n-3 poly-unsaturated fatty acids

Core tip: Fish oil supplements are probably of benefit to 

patients with ulcerative colitis. They have a much less 
certain role in Crohn’s disease.

Farrukh A, Mayberry JF. Is there a role for fish oil in inflam-
matory bowel disease? World J Clin Cases 2014; 2(7): 250-252  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i7/250.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i7.250

INTRODUCTION
Both animal and clinical work suggest that omega 3-fatty 
acids are anti-inflammatory in their action and so have 
the potential to be of  use in the treatment of  inflamma-
tory bowel disease (IBD). In particular, they appeal to 
patients who see them as both safe and natural. The pur-
pose of  this review is to survey the literature and assess 
the utility of  poly-unsaturated fatty acids (PUFAs) in the 
management of  IBD.

THE UTILITY OF PUFAS IN THE 
MANAGEMENT OF IBD
The aetiology of  IBD remains unclear but local media-
tors including arachidonic acid metabolites, cytokines and 
altered cell mediated immunity are likely to contribute 
to the disease. The rationale for the prescription of  n-3 
PUFA to promote a healthy gastrointestinal tract has 
been linked to their suggested anti-inflammatory proper-
ties. Different strategies have been adopted in various 
clinical trials to evaluate n-3 PUFA in patients with IBD. 
Inhibition of  natural cytotoxicity, changes in interleukin 2 
(IL-2) and arachidonic acid metabolites, e.g., LTB4  are the 
main chemotactic signals seen in the mucosa during a re-
lapse. All are known to mediate the natural killer activity. 
A second hypothesis is based on the possible deficiency 
of  essential fatty acids (EFAs) in IBD and its effect on 
cell membranes[1]. A further possibility is that fish oil 
ameliorates oxidative stress in IBD.

In a randomised crossover trial from four units which 
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involved 18 patients with ulcerative colitis (UC) fish oil 
supplements reduced LTB4 levels in a rectal dialysate. 
Histology improved and patients’ weight increased[2]. 

Conversely, a small Canadian trial of  11 patients 
found that addition of  fish oil was of  clinical benefit in 
UC but did not reduce mucosal LTB4

[3]. However, over 
a six month period serum LTB4 was insignificant while 
there was a simultaneous fall in NK cell cytotoxicity[4].

An American study of  47 patients with long-standing 
bowel problems looked at the frequency of  essential fatty 
acid deficiency. The majority had Crohn’s disease. Com-
pared to 56 control subjects, patients’ metabolism was 
comparable to that seen in essential fatty acid deficiency 
(EFAD). Patients had: (1) 7% lower PUFA levels; (2) 
Lower concentrations of  saturated and monounsaturated 
fatty acids.

The authors suggested patients with IBD should be 
assessed for EFAD and receive significant quantities of  
supplements with a high EFA content[5]. In contrast, a 
Japanese study found that EFAD rarely occurs in Crohn’s 
disease[6]. A United Kingdom prospective study based on 
26000 recruits living in Norfolk showed that total dietary 
n-3PUFAs, eicosapentaenoic acid and docosahexaenoic 
acid were associated with a reduced risk of  ulcerative 
colitis[7]. This was not found in a small cross-sectional 
study of  51 patients with inflammatory bowel disease 
from Hungary[8]. 

To gauge whether fish oil can reduce oxidative stress 
in ulcerative colitis a Brazilian crossover study of  nine 
patients on conventional treatment with sulfasalazine also 
received omega-3 fatty acids or placebo for two months 
separated by two months. They were compared with nine 
healthy people. Disease activity was examined through a 
range of  standard serological measures as well as endos-
copy and histology. The results showed that fish oil can 
act as a free radical scavenger and so protect patients[9]. 

The influence of  monounsaturated, n-3, and n-3 + n-6 
polyunsaturated fatty acids on histology, mucosal de-
fence, mucosal prostaglandin E2 and LTB4 in a rat model 
was investigated in Spain. It concluded that n-3 PUFAs 
can prevent inflammation but cause a decrease in the co-
lon’s defence system leading to oxidative injury[10]. There-
fore, although it seems likely that these compounds have 
anti-inflammatory effects, the mechanism by which they 
achieve this needs further exploration.

There are some important considerations which 
should be borne in mind before promoting their use in 
the clinical care of  patients with IBD: (1) Do they de-
crease disease activity? (2) Do they maintain remission? (3) 
Can they be used as an alternative to steroids or amino-
salicylic acid (ASA) compounds?

There are studies which demonstrated a reduction in 
disease activity with these compounds, e.g., a pilot study 
in United Kingdom evaluated their effectiveness both 
in terms of  disease activity and histological scores when 
compared with pre-treatment measures[11,12]. In a Ger-
man trial 5-ASA compounds were stopped in 64 patients 
who had ulcerative colitis and had been in remission for 
three months. They received a fish oil supplement and 

their clinical course was followed for 24 mo with colo-
noscopies at the beginning and end of  the study. Free-
dom from disease activity was only seen in two of  the 
24 mo and the overall relapse rate was similar for active 
treatment and placebo groups. It seems that n-3 PUFAs 
can temporarily retard but not prevent relapse in UC[12]. 
Another randomised blinded control study of  87 patients 
from United Kingdom found fish oil had some benefit. 
Corticosteroid requirements were reduced for those 53 
patients who had active disease on trial entry. Fish oil 
induced faster remission, although this trend did not 
reach significance. In contrast there was no difference in 
relapse rates if  patients were in remission. So, it appears 
fish oil supplementation has a modest benefit in active 
disease allowing use of  smaller doses of  corticosteroids. 
In contrast they seem to have no role in maintenance[13]. 
A randomised controlled multicentre trial of  204 patients 
with Crohn’s disease in Germany confirmed that ome-
ga-3 fatty acids had no role in prolonging remission[14,15]. 
Confirmation of  the limited benefit in ulcerative colitis 
and absence of  effect in Crohn’s disease was first sug-
gested in 1989 in a study of  39 patients[16]. The multi-
centre EPIC study from North America and Europe 
which included 738 patients with Crohn’s disease again 
confirmed that omega 3 free fatty acids had no role in 
maintenance[17]. Support for such an interpretation comes 
from 3 systematic reviews[18-20]. However, this might not 
be the case in children and young people. In a study of  
38 patients addition of  enteric coated omega-3 fatty acids 
to 5-ASA treatment appeared of  benefit[21]. Support for 
their role in Crohn’s disease also came from a rigorous 
trial in 78 patients[22].

Ten patients with moderately active colitis were as-
sessed in a study which used a randomized cross-over 
methodology. The treatments were either sulfasalazine or 
omega-3 fatty acids for 2 mo. Response was measured by 
endoscopic assessment, histological review and whole-
body protein turnover. Treatment with omega-3 fatty 
acids alone led to a less objective improvement than con-
ventional treatment. This shows that for active ulcerative 
colitis sulfasalazine is better than omega-3 fatty acids[23]. 

CONCLUSION
Taken together, almost all studies suggest some beneficial 
effects of  n-3 PUFAs in IBD but the mechanism remains 
controversial. In addition, clinical benefit seem largely 
confined to UC. However all studies have concluded that 
these compounds have no potential for a Steroid/ASA 
sparing effect or to maintain remission. Now the ques-
tion arises as to whether this treatment is of  real value to 
IBD patients? Clearly they have some therapeutic poten-
tial but further work is needed with larger numbers and 
more highly powered trials.
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Abstract
Oral hairy leukoplakia (OHL) is a disease associated 
with Epstein-Barr virus and human immunodeficiency 
virus infections. OHL is usually an asymptomatic le-
sion, but in some cases treatment is recommended to 
reestablish the normal characteristics of the tongue, 
to eliminate pathogenic microorganisms, to improve 
patient comfort and for cosmetic reasons. Proposed 
treatments for this condition include surgery, systemic 
antiviral treatment and topical management. Topical 
treatment is an inexpensive and safe therapy that is 
easy to apply, noninvasive, free of systemic adverse ef-
fects and effective over a long period of time. The aim 
of this study was to present a review of the literature 
for topical therapy for OHL. Gentian violet, retinoids, 
podophyllin, acyclovir and podophyllin associated with 
topical antiviral drugs were used to treat OHL. Reports 
with this focus are limited, and since 2010, no new 
studies have been published that discuss the efficacy of 
topical treatments for OHL. Podophyllin with acyclovir 

cream was found to be effective, causing regression 
of lesions with no recurrences. Additional searches are 
necessary to provide clinical evidence of topical man-
agement effectiveness.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Oral hairy leukoplakia; Human immuno-
deficiency virus infection; Topical treatment; Topical 
agents; Recurrence rate

Core tip: This literature review was performed to as-
sess the evidence for topical treatments for oral hairy 
leukoplakia (OHL). Although highly active antiretroviral 
therapy has reduced oral lesions associated with human 
immunodeficiency virus, prevalence studies revealed 
that OHL is still observed in patients with HIV infec-
tions. Knowledge about appropriate management of 
this condition is relevant, specifically regarding topical 
treatments that are less invasive, low-cost, easy to ap-
ply and free of systemic adverse effects.

Brasileiro CB, Abreu MHNG, Mesquita RA. Critical review 
of topical management of oral hairy leukoplakia. World J Clin 
Cases 2014; 2(7): 253-256  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i7/253.htm  DOI: http://dx.doi.
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INTRODUCTION
Oral hairy leukoplakia (OHL) was first described in 1984 
by Greenspan et al[1] and is described as a white plaque 
generally on the lateral borders of  the tongue in patients 
with human immunodeficiency virus (HIV) that later de-
veloped acquired immunodeficiency syndrome (AIDS). 
Later, other studies confirmed OHL as an early indica-
tor of  HIV infection and revealed that this disease may 
be related to the progression to AIDS. However, OHL 
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is not exclusive to HIV infection and may be associated 
with other cases of  immunosuppressed patients[1-3]. OHL 
appears clinically as an asymptomatic white lesion on 
the lateral border of  the tongue, unilaterally or bilater-
ally, with imprecise boundaries, a flat, corrugated or hairy 
surface, that is not removed by scraping[4]. Some patients 
may present with symptoms including mild pain and al-
teration of  taste[5]. 

The pathogenesis of  OHL is related to the infection 
of  oral squamous epithelial cells with the Epstein-Barr 
virus (EBV)[3,4]. The absence of  or high reduction of  
Langerhans cells in OHL has been demonstrated[6]. Lang-
erhans cells are the antigen-presenting immune cells that 
are required for an immune system response to a viral 
infection. This deficiency of  Langerhans cells may permit 
EBV to replicate[5-7].

Topical therapy is the most highly recommended 
treatment for OHL because it has a low cost, is easy to 
use, has few side effects and is effective for a long period 
of  time[4]. However, there are few studies that evaluate 
the effects of  topical treatment in patients with OHL. 
This can be explained by the significant reduction in the 
prevalence of  the oral lesions in HIV patients after the 
introduction of  highly active antiretroviral therapy[4,8]. 
The purpose of  this article is to present a review of  topi-
cal therapies for OHL. The methodology was a search 
of  the literature, from 1966 through December 2013, 
related to the topical treatment of  OHL and listed on 
PubMed. The search was conducted in both English 
and Portuguese, and the keywords used were “oral hairy 
leukoplakia”, “oral hairy leukoplakia and topical manage-
ment” and “oral hairy leukoplakia and topical treatment”. 
Additional studies were found in the reference lists of  the 
selected articles. Randomized clinical trials, case reports 
and review articles were included in the current paper 
(Table 1).

REVIEW
Usually, OHL does not require specific therapy, and when 
indicated, therapy is intended to restore the patient’s com-
fort, eliminate the hairiness, reestablish the normal ap-
pearance of  the tongue for aesthetic reasons and remove 

niches for bacteria, viruses (EBV) and fungi to prevent 
the establishment of  other oral diseases[2]. Proposed 
treatments include surgery, systemic antiviral therapy and 
topical management. A search of  the literature found 16 
articles related to topical treatments for OHL. All forms 
of  topical management of  OHL identified in published 
studies will be presented herein. 

Gentian violet
Gentian violet is a triphenylmethane dye that was syn-
thesized by Charles Lauth, in 1861, under the name of  
“Violet de Paris”. Churchman, in 1912, demonstrated 
the bacteriostatic action of  gentian violet against Gram-
positive microorganisms in vitro and in animal models, 
as well as the antimycotic effects of  this agent against 
multiple species of  Candida[9]. Since then, several studies 
have evaluated the antibacterial and antifungal actions of  
gentian violet.

The antiviral properties of  gentian violet were investi-
gated based on evidence that EBV viral products induce 
the generation of  reactive oxygen, and gentian violet is a 
potent inhibitor of  reactive oxygen species[10]. Given that 
gentian violet is well-tolerated, approved for human use 
and is an inexpensive agent, Bhandarkar et al [3] performed 
a study using gentian violet (2%) as a topical treatment 
for OHL in one HIV-infected man. Gentian violet was 
applied topically to the lesion three times in a one-month 
period. Complete regression of  OHL was observed at 
a one-month follow-up, and there was no recurrence of  
the OHL one year after treatment.

Retinoids
Retin-A is a dekeratinizing agent responsible for the 
modulation of  the presence of  Langerhans cells in OHL. 
Local application of  0.1% vitamin A twice daily was per-
formed in twelve cases of  OHL and regression of  the 
lesions was observed after 10 d[11]. Daily application of  a 
tretinoin solution (Retin-A) for 15 to 20 d was performed 
in 22 patients, and 37 patients received no treatment. 
Lesion healing was observed in 69% of  treated patients 
and spontaneous regression was detected in 10.8% of  
untreated patients[12]. Retin-A is a costly drug and causes 
a burning sensation after prolonged use[13,14].

Podophyllin
Podophyllin is a dry, alcoholic extract of  rhizomes and 
roots of  Podophyllum peltatum. It is a lipid-soluble sub-
stance that crosses cell membranes and interferes with 
cell replication; this substance is commonly used as a 
topical chemotherapy agent[14]. It is inexpensive, simple to 
apply, and effective over a long period of  time. Although 
podophyllin has a very bitter and unpleasant taste, the 
palate returns to normal two hours after of  application[2].

The results of  a 25% alcoholic solution of  podophyl-
lin as topical therapy for OHL are significant, especially 
in the first week after application. In a case series, nine 
patients were treated with podophyllin resin 25% sol in 
a benzoin compound tincture. The results showed com-
plete regression of  all lesions: five patients within one 
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Case reports Case series Randomized 
clinical trial

  Gentian violet Bhandarkar et al[3]

  Retinoids Schöfer et al[11]

Alessi et al[12]

  Podophyllin Lozada-Nur et al[13]

Sanchez et al[15]

Gowdey et al[14]

  Acyclovir Ficarra et al[16]

  Combined topical 
  therapy (Topical 
  antiviral agents and 
  podophyllin)

Moura et al[2]

Moura et al[4]

Table 1  Topical agents used in the treatment of oral hairy 
leukoplakia and study types



week and four after a second application a week later. 
Those four patients had presented with more extensive 
lesions[13]. In another study, six men with OHL were 
treated with a once-daily application of  podophyllin 25%, 
and healing of  all lesions was verified in three to 5 d[15]. 
Gowdey et al[14] assessed ten HIV-infected patients with 
OHL on the tongue and treated one side with a single 
application of  topical podophyllin resin 25% solution. 
The other side was used as a control. The patients were 
evaluated at days two, seven, and thirty of  the study. They 
described a slight change of  taste, burning sensation and 
pain with a short duration. There was regression of  le-
sions, especially on the second day after application.

The dose usually applied in topical therapy for OHL 
varied from 10 mg to 20 mg of  podophyllin[2,14]. This 
dose has not been associated with adverse or systemic ef-
fects; these effects are observed after ingestion or when 
more than 100 mg of  podophyllin is topically applied and 
not removed within 4 to 6 h[14].

Acyclovir
Acyclovir is a chemotherapeutic antiviral agent that is 
highly effective against herpes simplex virus types I and 
II, EBV, Varicella zoster virus, and cytomegalovirus[2]. 
The only previous study performed using acyclovir cream 
for topical treatment was performed by Ficarra et al [16]. 
The authors observed OHL in 23 out of  120 HIV-posi-
tive patients (19%), and found a complete resolution of  
OHL in two patients and partial regression in one patient 
after topical application of  acyclovir cream.

Combined topical therapy
Topical antiviral drugs may be used in combination with 
podophyllin, increasing the efficiency of  OHL treatment. 
After the dekeratinization of  superficial epithelial cells by 
podophyllin, the topical antiviral drug acts on exposed 
and infected cells located below the surface[4]. A clinical 
trial study, performed randomly, proposed a combined 
topical therapy of  25% podophyllin and 5% acyclovir 
cream and compared the results with 25% podophyllin[2]. 
In both protocols, applications were performed weekly. 
All lesions treated with podophyllin and acyclovir showed 
total clinical regression, and in the podophyllin group, 
four lesions did not display total clinical resolution after 
25 applications. Furthermore, in the 25% podophyllin 
group, smaller lesions showed clinical regression with 
fewer applications than larger lesions. In the 25% podo-
phyllin and 5% acyclovir cream group, there was no sig-
nificant difference in the number of  applications.

Based on their previous study, a new topical treatment 
for OHL employing 25% podophyllin resin with 1% pen-
ciclovir cream was tested and the results were compared 
to 25% podophyllin resin and 25% podophyllin resin 
with 5% acyclovir cream applied topically[4]. Fourteen 
patients were treated in each protocol. The authors con-
cluded that about half  of  the patients (55%) had clinical 
healing of  OHL within 7-8 wk of  each topical treatment, 
but the 25% podophyllin resin with 5% acyclovir cream 
resulted in a faster clinical healing rate of  OHL after the 

sixth week; moreover, no recurrent lesions were observed 
in this treatment group twelve months after clinical heal-
ing of  OHL.

Recurrence rate
Some studies evaluated the recurrence rate of  OHL after 
topical treatment. Bhandarkar et al[3] and Ficarra et al [16] 
showed no recurrence of  the lesion one year after 2% 
gentian violet treatment and six months after acyclovir 
cream topical therapy, respectively, in patients with total 
clinical regression. For topical retinoid, recurrence is 
observed a few days following discontinuation of  treat-
ment[11]. Sanchez et al [15] observed a recurrence rate of  
33.3% of  OHL treated with 25% podophyllin. Two of  
the six cases evaluated presented with regression of  the 
lesion four and nine months after treatment. Moura et al [2] 
showed a recurrence of  11.2% twelve months post-thera-
py with 25% podophyllin. No recurrence was observed in 
the 25% podophyllin resin with 5% acyclovir cream group. 
These data suggest that synergism of  podophyllin and acy-
clovir decreases recurrence of  OHL after topical therapy.

Systemic antiviral drugs such as desciclovir, valacy-
clovir, acyclovir and ganciclovir have been used for OHL 
treatment with recurrence observed after discontinua-
tion[17,18]. The possibility of  the occurrence of  side ef-
fects and drug resistance must be carefully evaluated so 
that the potential harm of  treatment does not exceed 
the expected benefits[18]. Surgical excision as a treatment 
for OHL has been performed, and no recurrence was 
observed within three months. However, most patients 
presented with new foci of  OHL after this time[19]. Con-
sidering this, and comparing it to systemic therapy and 
surgery, topical treatment is recommended because it 
does not produce systemic adverse effects, is less invasive 
and is effective over a long period of  time[4].

CONCLUSION
A combined topical therapy of  25% podophyllin and 5% 
acyclovir cream is effective, demonstrating fast healing 
without recurrence. In this case, additional multicenter 
studies are necessary. As for other agents, gentian violet 
(2%) was also used successfully in the treatment of  OHL, 
with no recurrences in a year, although only one previ-
ous study has evaluated the effectiveness of  this therapy. 
Future double-blind and placebo-controlled trials are 
needed to provide clinical evidence for the efficacy of  
topical management of  OHL.
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Abstract
AIM: To investigate the complex relationships between 
resting energy expenditure (REE), eating psychopathol-
ogy, and Hypothalamus Pituitary Adrenal axis function-
ing in patients with eating disorders. 

METHODS: The study was designed as a cross-
sectional survey, and it was planned by the Clinic for 
Eating Disorders of the University of Florence (Italy). 
The protocol was approved by the Ethics Committee 
of the Institution. Twenty two anorexia nervosa and 
twenty one Bulimia Nervosa patients were assessed by 
means of a clinical interview and the structured clini-

cal interview for diagnostic and statistical manual of 
mental disorders, fourth edition. Eating attitudes and 
behaviour were specifically investigated by means of 
the eating disorder examination questionnaire (EDE-Q). 
Patients were also evaluated by means of the symptom 
checklist (SCL 90-R), REE was measured by means of 
indirect calorimetry, and blood cortisol morning levels 
were evaluated.  

RESULTS: Both anorexia nervosa and bulimia nervosa 
patients showed a reduced REE as compared with 
predicted REE. Body mass index (BMI) was positively 
associated with resting energy expenditure in Bulimics, 
whereas a strong, negative association between BMI 
and REE was observed in Anorectics. The pattern of 
associations between variables supported a mediation 
model, where shape concern accounted for variations 
in REE and cortisol levels (mediator), and variations 
in the mediator significantly accounted for variations 
in REE. When these associations where taken into ac-
count together, the relationship between shape con-
cern and REE was no longer significant, whereas the 
association between cortisol levels and REE retained 
its significance, showing strong evidence for a single, 
dominant mediator. Anorectics and Bulimics showed an 
opposite pattern of association between BMI and REE. 
In Anorectics only, a higher REE was associated with a 
more severe eating disorder specific psychopathology, 
and cortisol levels represent a possible mediating factor 
for this relationship.  

CONCLUSION: The data supported a mediation model 
where cortisol levels mediated the relationship between 
eating psychopathology (concern about body shape) 
and REE. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We have investigated the relationship between 
resting energy expenditure (REE), eating psychopathol-
ogy, and hypothalamus adrenal axis in EDs. Twenty two 
anorexia nervosa (AN) and 21 bulimia nervosa (BN) 
patients were assessed. Both AN and BN showed a 
reduced REE as compared with predicted REE. AN and 
BN showed an opposite pattern of association between 
REE and Body Mass Index (BMI) which was positively 
associated with REE in BN, whereas a strong, negative 
association between BMI and REE was observed in AN. 
In AN only, a higher REE was associated with a more 
severe eating disorder psychopathology, and higher 
cortisol levels. The data supported a mediation model 
where cortisol levels mediated the relationship between 
eating psychopathology and REE. 

Castellini G, Castellani W, Lelli L, Lo Sauro C, Dini C, Lazzer-
etti L, Bencini L, Mannucci E, Ricca V. Association between rest-
ing energy expenditure, psychopathology and HPA-axis in eating 
disorders. World J Clin Cases 2014; 2(7): 257-264  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i7/257.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i7.257

INTRODUCTION
Chronic underfeeding and binge-purging behaviours can 
lead to alterations in metabolism and body composition. 
Several studies investigated energy metabolism in patients 
with anorexia nervosa (AN)[1-6], and the observed reduc-
tion of  resting energy expenditure (REE) has been as-
sociated to the smaller volume of  metabolically active tis-
sues and to an adaptation to underfeeding[6-8]. Measured 
REE is significantly lower than predicted REE in AN 
subjects[9]. As far as bulimic normal weight patients are 
concerned, most of  the published studies found that the 
resting metabolic rate of  these patients was significantly 
lower than that of  controls[10,11] , whereas Detzer et al[12] 
did not find significant differences between patients with 
bulimia nervosa (BN) and controls.

REE is one component of  the total energy expendi-
ture. It includes basal metabolic rate, which refers to the 
minimum part of  energy required to maintain the organ-
isms’ basic functions, and it is related to the amount of  
energy utilized when the body is at complete rest. It can 
be measured by means of  indirect calorimetry, and it is 
often used in clinical settings. REE alterations found in 
eating disorders could be partly explained with the quan-
titative changes in cell mass[1,13]. Similarly, Vaisman et al[14] 
attributed the lowered resting metabolic rate to the reduc-
tion in lean body mass.

Alternatively, previous findings supported the rela-
tionship between stress induced cortisol levels and meta-
bolic rate. In eating disorders, increased hypothalamus 
adrenal axis (HPA) arousal with abnormalities in its regu-
lation is well proven[15,16]; HPA axis hyperactivity is well 
documented in AN and BN especially during the acute 
phase of  the illness, even if  the abnormalities showed by 

the BN patients are milder[17]. The HPA axis alterations 
can influence other biological systems involved in eating 
behaviour, such as leptin, endogenous opioids, thyroid, 
reproductive, immune and sympathetic nervous systems 
and the abnormalities in these systems could be consid-
ered to be involved in the onset and the maintenance of  
eating disorders[17]. HPA axis abnormalities seem to be 
associated with an history of  stressful life events and  an 
excess of  traumatic life events, such as sexual and physi-
cal abuse are reported in patients with eating disorders. 
As the relationship between life events and HPA axis is 
well known[17-19], it is not unexpected that the HPA axis 
may also be functioning abnormally in eating disorders. 
Moreover cortisol is considered a catabolic hormone[20,21], 
and it has been found that weight gain in AN was associ-
ated with normalization of  plasmatic and urinary cortisol 
levels[22], HPA functioning and the reduction of  cortisol 
secretory burst[23].

Finally, few studies considered the relationship be-
tween eating disorder psychopathology and REE in eat-
ing disorders patients, with conflicting results[13,23,24]. 

The aims of  the present study were as follows: (1) to 
evaluate the pattern of  association between body mass 
index (BMI) and REE in AN and BN; (2) to investigate 
the possible mechanisms of  REE alterations in AN and 
BN, analyzing the interaction between eating disorder 
psychopathology, HPA functioning and metabolic status.

MATERIALS AND METHODS
Sample and measures
The study was designed as a cross-sectional survey, and 
it was planned by the Clinic for Eating Disorders of  
the University of  Florence (Italy). The protocol was ap-
proved by the Ethics Committee of  the Institution. A 
written informed consent was obtained from each patient 
after the procedures of  the study were fully explained. 
The study was performed on a series of  61 eating disor-
ders patients attending the Clinic for Eating Disorders 
between January 2010 and July 2013, provided they met 
the following inclusion criteria: female, age between 18 
and 60 years, diagnosis of  AN restricting type and BN 
Binge/Purging type, assessed by means of  the Structured 
Clinical Interview for Diagnostic and statistical manual 
of  mental disorders, fourth edition (DSM-Ⅳ)[25,26]. Pa-
tients were included if  they reported at least 1 year of  a 
stable Eating Disorder diagnosis (at least 1 year with full 
diagnostic criteria for anorexia nervosa or bulimia ner-
vosa according the DSM-Ⅳ criteria and without diagnos-
tic crossover in the same year), at least 6 wk of  a stable 
body weight, no intense physical exercise in the past six 
months (both assessed by means of  a face-to face clinical 
interview). None of  the patients were in a remission or 
recovery phase of  disease. The exclusion criteria were as 
follows: comorbid schizophrenia or bipolar disorder, illit-
eracy, mental retardation, severe medical conditions, cur-
rent use of  psychoactive medications that can interfere 
with HPA Axis response (i.e., antidepressants use could 
increase human hippocampal neurogenesis by activating 
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the glucocorticoid receptor[27].
Six patients refused to participate in the study, and 

12 patients were excluded because of  the following rea-
sons: bipolar disorder (2 patient), illiteracy (1 patient), 
mental retardation (1 patient), severe medical conditions 
(3 patients with heart failure, 1 with renal failure), phar-
macological treatments (4 patients taking SSRI). The final 
sample was composed of  43 female subjects, 22 with AN 
Restricting Type, and 21 with BN Binge/Purging type. 
The Structured clinical interview for DSM-Ⅳ[26] axis was 
used to confirm psychiatric diagnoses.

Psychological assessment
Psychopathological, behavioural and sociodemographic 
data were collected through a face-to-face interview on 
the first day of  admission, by two expert psychiatrists 
(L.L., C.LS.). The structured clinical interview for DSM 
IV[26] was applied to evaluate diagnoses according to 
DSM-Ⅳ. Anthropometric measurements were made us-
ing standard calibrated instruments. Height (m) was mea-
sured using a wall-mounted stadiometer, weight (kg) using 
electronic scales. BMI was calculated. Eating attitudes and 
behaviour were specifically investigated by means of  the 
eating disorder examination questionnaire (EDE-Q)[28]. 
The self-reported EDE-Q consists of  38 items, assessing 
the core psychopathological features of  eating disorders, 
and contains 4 subscales: dietary restraint, eating con-
cern, weight concern, and shape concern. Finally, patients 
were evaluated by means of  the symptom checklist (SCL 
90-R)[29], a psychometric instrument devoted to the iden-
tification of  psychopathological distress. 

Blood samples
Blood samples were drawn in the morning (8 am), after 
an overnight fast, for the determination of  cortisol levels 
(mcg/L), TSH, and thyroid hormones levels. 

Indirect calorimetry
REE was measured by means of  indirect calorimetry 
using a canopy system (MMC Horizon, Sensor Medics, 
Anaheim, United States in a quiet environment, with the 
patients in the supine position for 20 min before mea-
surement, because activities of  daily living increase REE, 
but a short rest (20 min) before testing is sufficient for 
the effect to dissipate) and after a 12 h overnight fast. 
Measurement duration of  10 min with the first 5 min 
deleted and the remaining 5 min having a coefficient of  
variation < 10% gave accurate readings of  REE[30]. En-
ergy expenditure was derived from CO2 production and 
O2 consumption, with the appropriate Weir’s formula, 
neglecting protein oxidation[31]. The inter-day coefficient 
of  variation of  such measurements (as determined in six 
patients on subsequent days) was always less than 3%, 
without any sequence effect. Basal energy expenditure 
can be measured a number of  different ways, but perhaps 
the most convenient way is by indirect calorimetry. This 
method is based on the assumption that metabolism is 
a reflection of  energy expenditure. Since the oxidation 

of  nutrients requires oxygen, by measuring oxygen con-
sumption and carbon dioxide production, an estimate of  
energy production in kilocalories can be made. However, 
if  indirect calorimetry is unavailable, the Harris-Benedict 
equations (multiple linear regression equations derived 
from a sample of  normal individuals), based on height, 
weight, age, and sex, can be used clinically to estimate 
basal energy expenditure[8]. For females, the equation is: 
basal energy expenditure = 655.1 + (9.56 × body weight 
in kg) + (1.84 × height in cm) - (4.67 × age in years)[32,33]. 
REE was measured prior to start psychological and phar-
macological interventions. 

Statistical analysis 
For between-group comparisons (AN vs BN), χ 2 and In-
dependent-Samples t test were applied, while Paired Sample 
t test was adopted to compare REE with predicted REE 
within each group. Correlation analyses (Pearson’s correla-
tion), and subsequently linear regression analyses were 
performed in the whole sample, and within each group, 
to assess the associations between BMI, cortisol levels, 
eating specific and general psychopathology, and REE.

Subsequently, moderator and mediator effect analyses 
were performed. Whereas moderator variables specify 
when certain effects will hold, mediators consider how 
or why such effects occur (Baron and Kenny)[34]. The 
moderator function of  third variables partitions a focal 
independent variable into subgroups, that establish its 
domains of  maximal effectiveness in regard to a given 
dependent variable. Therefore, in order to evaluate 
whether the relationship between REE and BMI was dif-
ferent within Eating Disorders subgroups (first aim of  
the study), general linear model (GLM) was used to ex-
amine the moderating effect of  diagnosis (AN vs BN) on 
the interaction between REE and BMI. 

In order to evaluate the possible mechanisms that 
could explain the associations between REE and BMI 
(second aim of  the study), mediators effect analyses were 
performed. The mediator function of  a third variable 
represents the generative mechanism through which the 
focal independent variable is able to influence the depen-
dent variable of  interest.

RESULTS
Table 1 reported demographic, clinical and psychopatho-
logical variables for AN and BN patients. No significant 
difference was detected between AN and BN, with the 
exception of  BMI and FT3, which were higher in BN as 
compared with AN patients. No significant difference 
was found between AN and BN, in terms of  REE while 
predicted REE was significant lower in AN. REE was 
lower than predicted REE, in both AN (t  = 2.27; P = 
0.034) and BN (t  = 5.82; P < 0.001) groups. These com-
parisons retained their significance even when adjusting 
for FT3 hormones.

GLM analysis (Figure 1; part A) was adopted to 
evaluate whether the relationship between REE and BMI 
was different according to EDs subgroups (AN and BN). 
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GLM (age adjusted) showed a significant effect of  REE 
by diagnosis on BMI (β = 0.32; P < 0.001). The signifi-
cant interaction was confirmed even when adjusting for 
body surface area. Therefore, when the interaction was 
broken down (Figure 1; part B), an opposite pattern of  
association was found in AN and BN: the increased BMI 
was associated with higher REE in the BN group (age 
adjusted β = 0.64, P = 0.001), while in AN patients the 
reduced BMI was associated with higher REE (age ad-
justed β = 0.63, P = 0.003). 

To evaluate the possible underlying mechanisms for 
maintenance of  REE in AN and BN, Person’s correla-
tions were performed, considering psychopathological 
variables, cortisol levels, BMI and REE, within AN and 
BN patients (Table 2). No significant association was 
found in BN patients between REE and binge eating or 
purging behaviours, TSH or thyroid hormones levels. 
Considering AN patients, a strong positive association 
was found between REE and EDE-Q shape concern. 
Moreover, in the same group, significant positive correla-
tions between EDE-Q shape concern and cortisol levels 
were also observed, as well as  between cortisol levels and  
REE.  Conversely, in BN group these associations were 
lacking or less significant than in AN. 

In order to explain the relationship between a more 
severe eating disorder psychopathology and a higher 
REE in AN, we hypothesized a possible mediating role 
of  cortisol levels. According to Baron et al[34], we assumed 
a three variable system represented by a path diagram, 

where the dependent variable was REE (Figure 2). It 
included a direct impact (Path c) of  the independent 
variable (EDE-Q shape concern), the impact of  the 
mediator (cortisol levels; Path b), and the impact of  the 
independent variable on the mediator (Path a). To test for 
mediation, we regressed the mediator on the independent 
variable, the dependent variable on the independent vari-
able, the independent variable on the dependent variable 
(direct impact), and the dependent variable on both the 
independent variable and on the mediator. Separate coef-
ficients were estimated and reported. According to this 
model, the following conditions supported mediation 
hypothesis: (1) variations in levels of  the independent 
variable (EDE-Q shape concern) significantly accounted 
for variations in the mediator (cortisol levels; β = 0.47; 
P = 0.01); (2) variations in the mediator significantly ac-
counted for variations in the dependent variable (REE; β 
= 0.80; P < 0.01); (3) variations in the independent vari-
able significantly accounted for  variations in the depen-
dent variable (REE; β = 0.63; P < 0.01); (4) finally, when 
Paths a and b were controlled, this previously significant 
relation between EDE-Q shape concern and REE was 
no longer significant (β = 0.12; P = 0.53), while the rela-
tion between cortisol levels and REE retained its signifi-
cance (β = 0.75; P = 0.002), showing strong evidence for 
a single, dominant mediator.

In order to calculate the indirect effect of  EDE-Q 
shape concern on REE via the mediator (cortisol levels) 
we performed the Sobel test[35], which resulted to be 
significant (Z = 2.51; P = 0.005). The model described 
above was tested also for EDE-Q total and subscale 
scores (data not shown). The best fit for the data was 
represented by the model including EDE-Q shape con-
cern scores.

DISCUSSION
To the best of  our knowledge, this is the first study 
which evaluated REE in AN and BN, considering eating 
disorder specific psychopathology and HPA functioning 
as possible factors involved in the metabolic alterations. 

According to our main results: (1) AN and BN pa-
tients showed an opposite pattern of  association between 
BMI and REE. In AN patients, a higher REE was nega-
tively  associated with BMI, whereas BN patients showed  
a positive association between these two variables; (2) 
in AN patients only, a higher REE was associated with 
a more severe eating disorder specific psychopathology,  
and cortisol levels represented a possible mediating factor 
for this relationship.

According to previous findings[2,9,11,13], both AN and 
BN showed a reduced REE, which was significantly 
lower than the predicted REE. It has been suggested 
that dietary restraint places both AN and BN patients in 
a state of  semi-starvation which is responsible for REE 
reduction, and it is partially compensated by binge eating 
behaviours in BN[7]. However, in the present study, AN 
patients did not show a reduced REE compared with 
BN, despite their lower BMI. In AN patients, we found 
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Anorexia Nervosa; 
n : 22

Bulimia Nervosa; 
n : 21

t

  Age (yr)   31.73 ± 9.86 27.86 ± 7.12      1.46
  Education (yr)   18.13 ± 3.78 18.66 ± 2.67     0.52
  BMI (kg/m2)   15.43 ± 2.00 22.96 ± 1.49 -13.8b

  REE (kcal/d)   1088 ± 174 1092 ± 207    -0.06
  Predicted REE 
  (kcal/d)a

1196 ± 85 1421 ± 207      4.53b

  Cortisol levels 
  (mcg/L)

    513.65 ± 159.52   496.05 ± 133.22     0.37

  TSH (mU/L)     2.14 ± 1.57   1.67 ± 0.70     1.22
  FT3 (pmol/L)     3.82 ± 0.98   4.75 ± 0.81     -3.35b

  FT4 (pmol/L)   14.10 ± 3.43 14.14 ± 2.29    -0.03
  SCL-90 GSI     1.59 ± 0.57   1.52 ± 0.70     0.31
  EDE-Q total     3.24 ± 1.59   3.24 ± 1.16     0.08
  EDE-Q restraint     3.26 ± 2.23   3.19 ± 1.33     0.11
  EDE-Q eating 
  concern 

    2.86 ± 1.65   2.96 ± 1.38    -0.19

  EDE-Q weight 
  concern

    3.36 ± 1.54   3.10 ± 1.53     0.54

  EDE-Q shape concern     3.48 ± 1.66    3.74 ± 1.09    -0.57
  Binge eating episodes 
  (month frequency)

  9.7 ± 6.4 

  Purging behaviours
  (month frequency)

  8.4 ± 5.9

Table 1  General and clinical characteristics of the sample

aCalculated by means of Harris-Benedict equation. Data are expressed 
as mean ± SD deviation; for between groups comparisons: Independent-
Sample t test; aP  < 0.05; bP  < 0.01. REE: Resting energy expenditure; BMI: 
Body mass index; SCL-90 GSI: Symptom checklist (SCL 90-R) global sever-
ity index; EDE-Q: Eating disorder examination questionnaire.
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BMI REE Cortisol levels SCL-90 GSI EDE-Q total EDE-Q restraint EDE-Q EC EDE-Q WC EDE-Q SC

  Anorexia Nervosa patients; n: 22
     Age -0.11    -0.07 -0.05      -0.58a   -0.12    0.06 -0.13  -0.12   0.02
     BMI 　-0.63b -0.49a      0.13   -0.32   -0.20 -0.42  -0.25   -0.46a

     REE  0.83b      0.10    0.39    0.17  0.33   0.45    0.63b

     Cortisol levels      0.68    0.33    0.09  0.28   0.34    0.68b

     SCL-90 GSI    0.40    0.34  0.35   0.35    0.76b

  Bulimia Nervosa patients; n: 21
     Age -0.16 0.14 -0.04      0.09    0.24    0.38 -0.12   0.42   0.13
     BMI  0.59b 0.77    -0.20    0.16   -0.21   0.45a   0.15 0.2
     REE 0.24     0.00    0.43    0.33  0.42   0.19    0.46a

     Cortisol levels    -0.10  -0.05    0.33 -0.12   0.12   0.23
     SCL-90 GSI    0.37    0.28  0.40  -0.02   0.30

Table 2  Pearson’s correlations

Data are Pearson’s correlation coefficients: aP < 0.05; bP < 0.01. REE: Resting energy expenditure; BMI: Body mass index; SCL-90 GSI: Symptom checklist (SCL 
90-R) global severity index; EDE-Q: Eating disorder examination questionnaire; EC: Eating concern; WC: Weight concern; SC: Shape concern.

General linear model-dependent variable: Body mass index (all eating disorders patients included, n : 43)

β t P

Age  -0.11 -2.16  0.04
Resting energy expenditure   0.20   3.29    0.002
Diagnosis (AN: 0; BN: 1) -1.91 -20.54 < 0.001
Resting energy expenditure  -0.68   -6.83 < 0.001
X Diagnosis interaction

Dependent variable: Resting energy expenditure

β P

EDE-Q Shape Concern 0.12 0.53
Cortisol Levels 0.75   0.002
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Figure 1  Moderators of the relationship between resting energy expenditure and body mass index. A: General linear model analysis (age adjusted) showed 
the effect of resting energy expenditure (REE) by diagnosis. Diagnosis was coded as dummy variables: 0 = Anorexia nervosa, 1 = Bulimia nervosa; B: The interaction 
showed in part A was broken down within diagnoses. Graphs reports results from linear regression analyses (age adjusted) of the opposite pattern of association be-
tween REE and body mass index (BMI) in anorexia nervosa and bulimia nervosa subjects.

(c) β = 0.63; P  < 0.01

Cortisol levels 
(b) β = 0.80; P  <0.01

(a)
 β 

= 0.
47

; P
 = 0.

01

EDE-Q 
shape concern

Resting energy 
expenditure 

Sobel test statistic: Z  = 2.51; P  = 0.005

Figure 2  Mediator Model for the relationship between shape con-
cern, cortisol levels and resting energy expenditure. The model 
included a direct impact (Path c) of the independent variable [eating 
disorder examination questionnaire (EDE-Q) shape concern]on the 
dependent variable (REE), the impact of the mediator (cortisol levels; 
Path b), and the impact of the independent variable on the mediator 
(Path a). The β values of separate regression analyses are reported 
in the graph. Table (d section of the figure) reported the regression 
analysis of the combined effect of EDE-Q shape concern, and cortisol 
levels on REE. The bottom part of the graph reports the results of the 
Sobel test, in order to calculate the indirect effect of shape concern on 
REE via the mediator (cortisol levels). 

A

B

Castellini G et al . REE, Psychopathology, HPA-HPA-axis in EDs

Anorexia nervosa (n : 22) Bulimia nervosa (n : 21)

(d)



that a higher REE was associated with a worse clinical 
condition, including lower BMI and higher eating disor-
der psychopathology.  

It is generally assumed that AN patients maintain 
their low weight by severely restricting food intake, purg-
ing, and engaging in physical activity[36]. However, clinical 
observations consistently suggest that these patients gain 
weight with great difficulty, and they usually maintain 
their low body weight for a long time, as well. The physi-
ological maintenance of  their low body weight has been 
inferred from some clinical observations suggesting that 
AN patients apparently require high energy intake to gain 
weight[37]. This relative increase in energy expenditure 
could also account for the difficulties of  AN subjects to 
gain weight when desired.

This pilot study provided evidences for possible ex-
plaining mechanisms of  this phenomenon. We found 
that a severe underweight status in AN was associated 
with relative higher REE, and that these two conditions 
were both associated with an over concern about body 
shape, which represents the “core psychopathology” of  
AN.

In order to explain such a relationship, we hypoth-
esized a mediating role of  the HPA axis. According to  
mediation model by Baron et al[34], a given variable may 
be said to function as a mediator to the extent that it ac-
counts for the relationship between the predictor and the 
criterion. In this study, the cortisol levels (mediator) ex-
plained how eating specific psychopathology accounted 
for REE variability in AN patients. 

As a possible causal mechanisms, it has been sup-
posed that increased plasma cortisol in AN is due to the 
higher corticotropin releasing hormone (CRH) produc-
tion in the central nervous system. As already described, 
stress-which in this study was specifically related with eat-
ing psychopathology- may lead to the hypersecretion of  
CRH, which is known to be a potent anorexic agent[21].

Furthermore, previous findings supported the rela-
tionship between stress induced cortisol levels and REE. 
It has been suggested that, when in excess, cortisol is an 
overall catabolic hormone, which decreases lean body 
mass and muscle mass and increase energy expendi-
ture[20,21]. Moreover, it increases availability of  all fuel sub-
strates by mobilization of  glucose[38], free fatty acids[39], 
and amino acids from endogenous stores[40]. Given the 
cross-sectional design of  the study, we are not able to 
derive final conclusion on causal relationship psychopa-
thology and REE. The present mediation model support 
a strong mediator role of  cortisol, suggesting a possible 
underlying mechanism. However, it does not explain all 
the variance of  the mentioned association, which could 
be caused by other metabolic factors related to under-
weight in AN patients. 

Some limitations of  this pilot study should be con-
sidered. First of  all we do not analyze the body composi-
tion of  the patients, one of  the determinant of  the REE. 
Then, the cross- sectional design of  the study does not al-
low any firm conclusion about causal relationships. Tem-

perament and personality disorders information were not 
available. Finally the sample size is small, and it did not 
allow the generalization of  the main findings. Moreover, 
it is possible that other psychopathological measures (e.g., 
EDE-Q weight concern) could reach significant associa-
tions with larger samples. Therefore, our results should 
be considered as preliminary, and larger, prospective re-
searches are warranted in order to confirm or not these 
findings. The results of  the present study supported the 
hypothesis that Cortisol levels in AN, through changes in 
REE, could represent a biological substrate for the capac-
ity to maintain low body weight, and for the inefficiency 
at gaining weight. Safe and effective re-feeding strategies 
in Eating Disorders should carefully consider the com-
plex mechanisms which can determine the energy bal-
ance impairment observed in AN and BN patients.
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Abstract
AIM: To investigate the influence of ethnicity in social 
anxiety disorder (SAD), and the relationship with symp-
tom severity, depression and substance use or abuse, 
in health sciences' students .

METHODS: This was a cross-sectional survey of 112 
1st, 2nd and 3rd year students from the Faculty of Medi-
cine and Health Sciences at Stellenbosch University, 
Cape Town, South Africa. The self-reported Social 
Anxiety Spectrum questionnaire was used to assess for 
SAD. The Social Phobia Inventory (SPIN) was adapted 
to a version called the E-SPIN (Ethnic-SPIN) in order to 
evaluate the effects of ethnicity. Two sub-questions per 
stem question were included to assess whether SAD 
symptoms in social interactions were ethnicity depen-
dent. Substance use was assessed with the Alcohol Use 

Disorders Identification Test and Drug Use Disorders 
Identification Test, and depression with the Centre for 
Epidemiological Studies Depression Scale.

RESULTS: Of 112 students who completed the E-SPIN 
questionnaire, 54.4% (n  = 61) met criteria for SAD, 
with significantly more females than males meeting 
criteria. Ethnicity had a significant effect on SAD symp-
tomatology, but there was no effect of ethnicity on the 
rates of drug and alcohol abuse in students with and 
without SAD. Overall significantly more students with 
SAD met criteria for depression compared with students 
without the disorder. 

CONCLUSION: Among university students, SAD is 
prevalent regardless of whether interactions are with 
individuals of the same or different ethnic group. How-
ever, ethnicity may be an important determinant of 
social anxiety for some ethnic groups. SAD was signifi-
cantly associated with major depression but not signifi-
cantly associated with drug or alcohol abuse. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Social anxiety; Social phobia; Ethnicity; Stu-
dents; South Africa 

Core tip: We investigated the relationship between 
social anxiety disorder (SAD) and ethnicity, as well as 
its association with depression and alcohol and drug 
abuse, among South African students. High levels of 
social anxiety were present and were significantly as-
sociated with major depression but not with drug or 
alcohol abuse. Ethnicity was found to independently in-
fluence social anxiety symptomatology, suggesting that 
it is an important factor in student interactions in this 
context. These results contribute to the extant litera-
ture by demonstrating that different risk factors may be 
uniquely associated with SAD for different ethnic/racial 
groups, and require further exploration given South Af-
rica’s historical context.
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INTRODUCTION
Social anxiety disorder (SAD), which is characterized by a 
persistent fear of  social or performance situations (such 
as public speaking) where embarrassment might occur, is 
a common, psychiatric condition, with a lifetime preva-
lence ranging from 7% to 13% in the general popula-
tion[1]. Age of  onset is generally early; by age 11 in about 
50% individuals and by age 20 in approximately 80% of  
individuals[2]. SAD is also highly comorbid with major 
depression, substance use disorders and other anxiety 
disorders, and the lifetime prevalence of  any two of  the 
aforementioned conditions ranges from 69% to 81%[3]. 
A nationally representative household survey conducted 
in South Africa between 2002 and 2004 found the most 
prevalent group of  disorders to be anxiety disorders 
(15.8%). After agoraphobia without panic, SAD was 
the second most common anxiety disorder. In addition, 
high lifetime rates of  substance abuse (13.5%) and major 
depression (9.8%) with an early age at onset were docu-
mented[2,4]. 

Psychological treatments and medication have been 
shown to be effective in the treatment of  SAD, with a 
combination of  the two seeming to be most beneficial[5-7]. 
Despite this, the condition remains underdiagnosed and 
only a small proportion of  those in need receive treat-
ment[8], possibly due to factors such as fear of  stigmatiza-
tion, inability to access care due to financial issues, and 
lack of  awareness of  the disorder by both patients and 
service providers.

The student population is diverse and provides many 
opportunities for social contact and support. Academic 
activities require social interaction and performance as 
part of  students’ learning and assessment, while inter-
personal skills are key attributes of  student academic 
success[9]. University or college students fall in the age 
range of  increased risk for the onset of  SAD. As well as 
struggling with fundamental issues related to identity and 
self-management, students are particularly vulnerable to 
experiences of  social anxiety[10,11]. Fears of  confirming 
negative stereotypes may also play a significant role in the 
symptoms of  SAD. A related phenomenon is the occur-
rence of  intergroup anxiety, where interracial relations or 
exchanges carry the potential for intense social anxiety[12]. 
Stephan et al[13] term intergroup anxiety as an emotion 
that involves feelings of  uneasiness and awkwardness in 
the presence of  out-group members (people from dif-
ferent ethnic groups than oneself). Recent literature has 
shown that ethnicity and culture both have a big impact 
on how anxiety is experienced and how individuals deal 
with it. In a review by Hofmann et al[14], the authors con-

cluded that an individual’s social concerns need to be ex-
amined in the context of  cultural, racial, and ethnic back-
ground to adequately assess the degree and expression 
of  social anxiety and SAD. South Africa is a multicultural 
and multi-ethnic society and, given the particular circum-
stances of  the country’s colonial and apartheid past, it is 
important to understand the role of  ethnicity in social 
interactions. 

This study investigated the influence of  ethnicity on 
social interactions and SAD, and the association of  SAD 
with symptom severity, depression and substance use in 
a student sample. We hypothesised higher rates of  social 
anxiety and distress in interactions between different 
ethnic groups compared with same-ethnicity interactions. 
We further hypothesised that ethnicity would independ-
ently predict social anxiety symptomatology and that so-
cial anxiety and distress in different-ethnicity interactions 
would be positively correlated with depression, alcohol 
and drug abuse symptomatology.

MATERIALS AND METHODS
We conducted a cross-sectional survey among health sci-
ence students (medical and allied health science students) 
at the Stellenbosch University Faculty of  Medicine and 
Health Sciences, Cape Town (South Africa). We sampled 
1st, 2nd and 3rd year students. The faculty is representative 
of  all the main ethnic groupings in the country (Black, 
Coloured, Indian, White). The study was approved by 
the Health Research Ethics Committee of  Stellenbosch 
University and was conducted in accordance with The 
Declaration of  Helsinki and Medical Research Ethical 
Guidelines on Human Research. After obtaining permis-
sion from the respective student departments, an invita-
tion was sent out via email to all students inviting them to 
complete an online questionnaire on a secure online site, 
SurveyMonkey.com. Carlbring et al[15] have demonstrated 
that anxiety measures completed via online questionnaires 
show similar psychometric properties when compared 
with questionnaires administered through conventional 
methods. Survey monkey is a secure service that stores 
all data in an encrypted, anonymous form. In total three 
email invitations were sent out. We also made use of  
other recruitment methods, such as handing out flyers to 
students after lectures and advertising the survey on the 
local student website and on television (LCD) screens at 
the faculty. Students were required to provide informed 
consent prior to completing the survey. The informed 
consent form was available online and in the e-mails sent 
to students, and provided study information (i.e., aims), 
as well as contact details of  investigators and the ethics 
committee.

We developed a socio-demographic data form that 
was used to elicit socio-economic status (SES) and socio-
demographic profiles. The SES variable was based on 
questions pertaining to household access to basic needs, 
number of  inhabitants and their educational level, as well 
as total income. A total score out of  44 was then calcu-
lated. Three SES categories were created by dividing the 
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SES scores into thirds: low: 6-19, medium 20-33, high 
34-44. This indicator is similar to that currently used by 
Statistics South Africa and has been used by others in the 
South African context[16]. 

The social phobia inventory (SPIN) is a brief  17-item 
self-report instrument for measuring SAD severity. A cut 
off  score of  19 distinguishes those with SAD from those 
without[17,18]. The SPIN consists of  questions that evalu-
ate fear, avoidance and physiological discomfort. Each 
of  the 17 items is rated on a scale from 0 to 4: not at all, 
a little bit, somewhat, very much, and extremely (higher 
scores correspond to greater distress). Scores range from 
0-68. The SPIN has proved to be a useful and valid self-
rated scale to assess fear, avoidance and physiological 
aspects of  SAD. It validly measures severity of  illness, 
is sensitive to reduction in symptoms over time, and 
discriminates between treatments[18]. The internal consis-
tency (Cronbach’s alpha) for individuals with SAD was 
0.92 and for combined clinical and non-clinical samples 
the Cronbach’s alpha has been shown to be 0.95[18]. For 
the current study, we adapted the SPIN to evaluate the 
effects of  ethnicity. The E-SPIN or Ethnicity-SPIN 
includes two sub-questions for each stem question to de-
termine whether respondents experience an exacerbation 
of  SAD symptoms and greater distress when interacting 
with individuals from a different ethnic group compared 
to interactions with their own ethnic group. 

The Social Anxiety Spectrum Self-Report (SHY-SR) 
questionnaire is a self-report inventory, used to measure 
the spectrum of  social anxiety. It was derived from the 
Structured Clinical Interview for Social Anxiety Spec-
trum, the SCI-SHY, an interview which has previously 
been validated in psychiatric samples and in control 
groups in a large Italian multi-center study[19,20]. The ver-
sion of  the SHY-SR used in the current study was the “last 
month” questionnaire. This version includes an appendix 
on substances and three domains: (1) the interpersonal 
sensitivity domain, which assesses hypersensitivity to crit-
icism, judgment and refusal, discomfort when the centre 
of  attention, low self-confidence, feeling of  inferiority, 
poor assertiveness, and interpersonal difficulties; (2) the 
behavioral inhibition and somatic symptoms (BI) domain 
which explores social behaviour and somatic symptoms 
associated with social anxiety; and (3) the specific phobias 
(SP) domain, which assesses situations that may trigger 
anticipatory anxiety and avoidance behaviours. The items 
of  the SP domain are grouped into 14 subsections, rang-
ing from talking on the phone to dating. These questions 
are dichotomous (yes/no) and refer to experiences that 
have occurred in the last month. The instrument is de-
signed for administration in both adults and adolescents. 
A variety of  cut-off  scores have been determined using 
the receiver operating characteristic curve on data used 
to investigate the validity and reliability of  the SCI-SHY. 
The diagnostic cut-off  score of  68, which has a sensitiv-
ity and specificity of  84.8% and 85.6%, respectively, was 
used here[21]. 

The Center for Epidemiological Studies Depression 
Scale (CES-D) is a short 20-item questionnaire[22]. Each 

item is rated on a four-point scale during the last seven-
day period. The scales range from “rarely or none of  the 
time” to “most or all of  the time”. Scores range from 0 
to 60, with higher scores indicating more symptoms of  
depression. CES-D scores of  16 to 26 are considered 
indicative of  mild depression and scores of  27 or more 
indicative of  severe depression[23]. The CES-D has been 
validated in a number of  studies in community and pri-
mary care populations and has good test-retest reliabil-
ity[20]. The scale has very good internal reliability, with a 
Cronbach’s alpha value of  0.85 in the general population 
and 0.90 in a psychiatric population[22]. 

Alcohol Use Disorders Identification Test (AUDIT) 
detects hazardous and harmful alcohol use[24]. The AU-
DIT contains 10 items referring to alcohol consumption 
and alcohol-related problems in the past 12-mo period 
with a cut off  score of  8. Responses to each question are 
scored from 0 to 4, giving a maximum possible score of  
40. The AUDIT was designed to measure three domains; 
consumption (3 items), dependence (3 items) and alco-
hol-related consequences (4 items). In its original psycho-
metric evaluation, 92% of  those diagnosed with alcohol 
abuse had a score of  8 or more, while 94% of  those with 
non-hazardous consumption had a score of  less than 8[24]. 
In a study that assessed the psychometric performance 
of  three alcohol use disorder tools including the AUDIT, 
the AUDIT had a Cronbach alpha of  0.75[25].

The Drug Use Disorders Identification (DUDIT) 
(Berman et al[26], 2005) is a self-report screening instru-
ment that focuses on current drug-related problems. 
The eleven items of  the DUDIT were chosen to yield 
information on the level of  drug intake and fulfillment 
of  selected criteria for substance abuse/harmful use and 
dependence according to the International Classification 
of  Diseases, 10th edition (ICD-10) and Diagnostic and 
Statistical Manual of  Mental Disorders, 4th edition (DSM-
Ⅳ) diagnostic systems. Responses to each question are 
scored from 0 to 4 with a maximum score of  44. In the 
general population, the DUDIT can screen for drug-
related problems at a cut-off  score of  6 (for men) and 
2 (for women). The DUDIT predicts drug dependence 
with a sensitivity of  90% for both DSM-Ⅳ and ICD-10 
with a respective specificity of  78% and 88%, and has an 
internal reliability of  0.80. 

Statistical analysis
Only completed questionnaires were included in the data 
analysis. Demographic variables were compared between 
those with SAD and those without SAD on the E-SPIN 
using cross-tabulations with χ 2 statistics. The SHY-SR 
means and standard deviations of  the sample were re-
ported using the subscale cut-off  scores of  the instru-
ment. Owing to missing data, 7 items were omitted from 
the SH-SR questionnaire. Domain scores were trans-
formed to a 0-100 scale which facilitated comparison 
of  domain scores with other studies. ANOVAs (analysis 
of  variance tests) were conducted to determine differ-
ences between groups. Furthermore, we also compared 
AUDIT, DUDIT and CES-D cut off  scores between 
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students with SAD and those without SAD using χ 2 tests. 
Multiple regression analysis was conducted with E-SPIN 
scores as the dependent variable and ethnicity as the in-
dependent variable. Variables such as age, gender, SES 
were used as covariates in the model. We used a linear re-
gression model to determine if  ethnicity predicts E-SPIN 
scores (i.e., whether ethnicity provides additional explana-
tory power to explain social anxiety symptom severity). 
We selected a 5% increase in overall R-squared as our ef-
fect size. All statistical analyses were performed using the 
SPSS 19.0 software package (SPSS Inc., Chicago, IL)[27]. 

RESULTS
Of  the 958 students invited to participate, responses were 
received from 120 students (12.5%). Respondents had 
a mean age of  19.68 years (SD = 2.48) and comprised 
of  40 (33.3%) males and 80 (66.6%) females. Given that 
the gender distribution of  students at the university is 
roughly 50/50 this shows that females were more likely 
to complete the survey. The ethnicity of  respondents was 
similar to that in the general undergraduate student pop-
ulation for Black and Coloured students (16% each), but 
there were significantly more Indian/Asian respondents 
(15% vs under 3% in the student population), and fewer 

White respondents (48% vs 65% in the student popula-
tion). 

The majority were studying for a Bachelor of  Medi-
cine and Surgery degree 101 (84.2%), with the remainder 
(15.8%) being Bachelor students in Dietetics, Physio-
therapy, Occupational Therapy, and Speech Language 
and Hearing Therapy. Of  this sample, 112 finished the 
E-SPIN questionnaire (same and different ethnicity inter-
actions), 90 finished the SHY-SR and DUDIT, whereas 
the AUDIT and CES-D were completed by 89 students. 
The mean SES score was 33 (range: 19-44) with all ethnic 
groups falling into the “high” SES category. Despite this, 
the difference in SES between ethnic groups approached 
significance, with white and black participants endors-
ing a higher SES than Coloured and Indian participants, 
based on our scale [F (3,43) = 2.804; P = 0.051]. 

Table 1 differentiates students in the sample based on 
clinical cut-offs on the various measures of  psychopa-
thology, and presents the means and standard deviations 
of  the original and transformed (0-100) scores of  the 
SHY-SR. Of  the 90 students who completed the SHY-
SR, 28 (31.1%) scored above the diagnostic cut-off  score 
of  68 and had a mean score of  51.77 (SD = 32.12). High 
scorers (5.6%) had a mean score of  87.79 (SD = 22.15) 
while low scorers (63.3%) students had a mean score of  
31.48 (SD = 15.01). Ethnic groups did not differ signifi-
cantly on total SHY-SR scores, but there was a significant 
difference in the SP domain F (3,86) = 2.867, P = 0.041, 
with Coloured students scoring significantly higher than 
White students. 

Table 2 shows the association of  SAD with socio-
demographic and psychopathology variables. 54.5% (n = 
61) of  students met criteria for SAD, with significantly 
more females 63.2% (n = 48), than males 36.1% (n = 
13). More students met criteria for SAD in the context 
of  different ethnic interactions (59.8%, n = 67) than in 
the context of  same ethnicity interactions (53.6%, n = 
60). Gender differences were present with significantly 
more females than males meeting criteria for SAD, both 
in same ethnicity [60.5% females (n = 46) vs 38.9% males 
(n = 14) (χ 2 = 4.598, df  = 1, P < 0.05)], and different eth-
nicity [67.1 % females (n = 51) vs 44.4% males (n = 16) (χ 2 
= 5.222, df  = 3, P < 0.05)] interactions. Further, there 
was an association between ethnic group and SAD in the 
context of  same ethnic interactions; Black students ex-
perienced significantly more anxiety in interactions with 
others of  (χ 2 = 8.530, df  = 3, P < 0.05). 

There was no effect of  ethnicity on the rates of  drug 
and alcohol abuse in students with and without SAD. 
Overall significantly more students with SAD met criteria 
for depression (73.8%) compared with students without 
the disorder (26.2%), (χ 2 = 7.512, df  = 1, P < 0.01). This 
was true both for same ethnicity (73.8.% vs 26.2%, χ 2 = 

10.041, df  = 1, P < 0.01) and different ethnicity  (73.8%  vs 
26.2%, χ 2 = 5.751, df  = 1, P < 0.01) interactions (Table 2). 

We conducted a multiple linear regression with the 
E-SPIN total score as the independent variable, ethnic-
ity as the dependent variable, and SES, age and gender 
as covariates. The adjusted R2 was 0.074. In subsequent 
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  E-SPIN       22.03   12.23
  Interaction same ethnicity       20.36   11.31
  Interaction different ethnicity       22.23   12.84
  DUDIT         1.02     2.36
  AUDIT        3.31     4.42
  CES-D      17.12  12.89
  SHY-SR  cut-off        51.77   32.12
  High > 67        87.79   22.15
  Middle 59-67     66.00     1.73
  Low < 59       31.48   15.01
  SHY-SR sub-scale raw scores
     IPS      14.00     6.49
     BI         5.58     4.12
     SP       31.51   22.96
  Transformed SHY-SR sub-scale scores 
  (1-100 scale)
     IPS     48.3 22.4
     BI     34.9 25.8
     SP     31.6 23.4

Table 1  Means and standard deviations of the Ethnicity-
Social Phobia Inventory (with questions of same and different 
ethnicity interactions), Social Anxiety Spectrum Self-
Report (with subscale groups high, middle and low), Drug 
Use Disorders Identification Test, Alcohol Use Disorders 
Identification Test and Center for Epidemiological Studies 
Depression Scale scores of respondents

N’s vary from 89 to 112 due to missing data. The diagnostic cut-off score 
for the SHY-SR is 68, the cut-off score of 59 identifies subjects who score 
high on the social anxiety spectrum but do not meet the diagnostic cri-
teria for the social anxiety disorder (SAD). SHY-SR: Sub-scale domains 
includes; IPS: Interpersonal sensitivity; BI: Behavioral inhibition; SP: Spe-
cific phobia. E-SPIN: Ethnicity-Social Phobia Inventory; DUDIT: Drug Use 
Disorders Identification Test; AUDIT: Alcohol Use Disorders Identification 
test; CES-D: Center for Epidemiological Studies Depression Scale; SHY-SR: 
Social Anxiety Spectrum Self-Report.
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multiple linear regression with ethnicity excluded, the ad-
justed R2 was 0.068, (a decrease of  6%). We had selected 
a 5% change in overall R-squared as the effect size, thus 
ethnicity had sufficient explanatory power in predicting 
E-SPIN scores, when controlling for age, gender and 
SES.  

DISCUSSION
We investigated the relationship between SAD and eth-
nicity in a student sample, as well as its association with 
depression and alcohol and drug abuse. This is, to our 
knowledge, the first study of  this nature among South 
African students. South Africa is a multicultural and 
multi-ethnic society and, given the country’s colonial and 
apartheid past, it is important to understand the role of  
ethnicity in social interactions. University or college stu-
dents fall in the age group of  increased risk for the onset 
of  SAD. As well as struggling with fundamental issues 
related to identity and self-management, students are par-
ticularly vulnerable to experiences of  social anxiety[10,11]. 

First, more than half  of  the sample (54.4%) met criteria 
for SAD. This rate increased to 60.8% in response to ques-
tions regarding interactions with different ethnic groups. 
Although these rates are significantly higher than in the 
general population, our sample, as a whole, does not ap-
pear to suffer more from SAD than other student samples, 
as former studies have tended to report higher rates using 
the SPIN in student populations[1,10,28]. Stewart et al[29] also 

found a high prevalence of  SAD in college students and 
suggested that normative developmental and contextual 
issues in the lives of  college students may be contribu-
tory. 

Second, SHY-SR sub-scale domain scores were rela-
tively high, and higher than in an Italian study of  520 
high school students (mean age of  18.4 years) in their last 
year of  school[21]. Transition from high school to a ter-
tiary setting with the additional academic and social adap-
tational pressures may partially explain the higher social 
anxiety symptomatology in the current study. 

Third, SAD was more prevalent among females 
which is consistent with community samples internation-
ally[3,30]. However, findings from student samples indicate 
that gender differences are not common  For instance, 
there was no significant main effect for gender in a study 
by Stewart et al[11]. Further, in a study that compared a 
clinical sample with a non-clinical undergraduate sample, 
although women in the clinical sample reported relatively 
higher fears of  criticism/embarrassment and authority 
than a semi-colon men, suggesting that women with SAD 
may be more fearful of  criticism/embarrassment and 
more fearful of  authority than men, this was not shown 
in the non-clinical undergraduate sample[31].

Fourth, we found that ethnicity independently influ-
enced severity of  social anxiety symptomatology, suggest-
ing that it is an important factor in student interactions 
in the South African context. Previous research in the 
area of  intercultural communication has suggested that 
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  Socio-demographic status: E-SPIN (same ethnicity) E-SPIN (different ethnicity)

No-SAD n  (%) SAD n  (%)  χ 2 (P) No-SAD n  (%) SAD n  (%)  χ 2 (P)
  Gender
     Male 22 (61.1) 14 (38.9) 4.60a 20 (55.6) 16 (44.4) 5.22a

     Female 30 (39.5) 46 (60.5) 25 (32.9) 51 (67.1)
  Ethnicity 
     Black   3 (17.6) 14 (82.4) 8.53a   3 (17.6) 14 (82.4) 6.02 (0.11)
     White 31 (56.4) 24 (43.6) 27 (49.1) 28 (50.9)
     Indian/Asian   8 (47.1)   9 (52.9)   7 (41.2) 10 (57.8)
     Colored   7 (36.8) 12 (63.2)   6 (31.6) 13 (68.4)
  SES
     Low   1 (50.0)   1 (50.0) 3.84 (0.15)   1 (50.0)   1 (50.0) 5.19 (0.08)
     Medium 19 (36.5) 33 (63.5) 15 (28.8) 37 (71.2)
     High 32 (55.2) 26 (44.8) 29 (50.0) 29 (50.0)
  Clinical measures:
  DUDIT
     No drug related problems 31 (41.3) 44 (58.7) 1.76 (0.18) 30 (40.0) 45 (60.0) 0.23 (0.63)
     Drug related problems   9 (60.0)   6 (40.0)   5 (33.3) 10 (66.7)
  AUDIT
     No alcohol related problems 32 (42.7) 43 (57.3) 0.26 (0.61) 29 (38.7) 46 (61.3) 0.09 (0.77)
     Alcohol related problems   7 (50.0)   7 (50.0)   6 (42.9)   8 (57.1)
  CES-D
     No depression 28 (59.6) 19 (40.4) 10.04b 24 (51.1) 23 (48.9) 5.75a

     Depression 11 (26.2) 31 (73.8) 11 (26.2) 31 (73.8)

Table 2  Social anxiety (Ethnicity-Social Phobia Inventory scores): Socio-demographic variables and associated psychopathology in 
students with and without social anxiety disorder

aP < 0.05, 60.5% females (n = 46) vs 38.9% males (n = 14); different ethnicity 67.1 % females (n = 51) vs 44.4% males; and anxiety in ethnic group and SAD 
in the context of same-ethnic interactions-Black students vs others of their own ethnicity; bP < 0.01, students with SAD met criteria for depression (73.8%) 
vs students without the disorder (26.2%); same ethnicity 73.8.% vs 26.2%; and different ethnicity 73.8% vs 26.2%. SES Categories Low: 6-19; Medium: 20-33; 
High: 34-44; E-SPIN: Ethnicity-Social Phobia Inventory; DUDIT: Drug Use Disorders Identification Test; AUDIT: Alcohol Use Disorders Identification Test; 
CES-D: Center for Epidemiological Studies Depression Scale; SES: Social economic status; SHY-SR: Social Anxiety Spectrum Self-Report Scale.
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uncertainty as well as anxiety are important predictors 
of  avoidance behaviour in intercultural encounters[32,33].  
Given that the expressions of  racial bias are no longer 
socially acceptable[9], research on intergroup prejudice, in 
particular, indicates that the idea of  appearing prejudiced 
in front of  others may elicit strong social anxiety, which 
may emerge in interracial interactions, as well as in same-
race interactions in which an individual fears social sanc-
tions from in-group members for expressing prejudice 
toward an out-group[34]. 

Of  interest was that Black students appear to fear 
social disapproval from others of  their own ethnicity 
more than from those of  other ethnicities. A possible 
explanation for this may be that this group of  students 
experienced greater stereotype confirmation concern, a 
construct described as “a chronic experience of  uncer-
tainty and apprehension about appearing to confirm as 
self-characteristic, a stereotype about ones’ group”[35], 
among their own ethnic group. Furthermore, Coloured 
students were found to experience significantly more 
anxiety in situations that triggered anticipatory anxiety 
and avoidance behaviours, such as talking on the phone 
(the SHY-SR specific phobias domain). These results, on 
the contribution of  ethnicity in SAD, are not strongly 
significant but require further exploration given the his-
torical context, and contribute to the extant literature by 
demonstrating that different risk factors may be uniquely 
associated with SAD for different ethnic/racial groups. 

SAD was significantly associated with major depres-
sion but not significantly associated with drug or alcohol 
abuse. These findings are consistent with a study on the 
prevalence of  SAD and comorbidities among Nigerian 
undergraduates, which found that both lifetime and 12 
mo depression were significantly associated with lifetime 
and 12 mo SAD but that there was no significant rela-
tionship between SAD and alcohol abuse[36]. This sug-
gests that in the student population depression is more 
likely to be co-morbid with SAD than substance abuse. 
These findings are further supported by a study of  228 
American college students which found that alcohol 
problems were more directly related to peer influence and 
social networks than to social anxiety[37]. High rates of  
co-morbidity with depression among university students 
contribute to further disability (e.g., academic achieve-
ment) and quality of  life impairments. 

Results of  this study must be considered preliminary 
given the small sample size and the fact that self-report 
measures were used. Participant bias is also an important 
consideration, as this was a convenience sample and only 
112 of  a total of  958 first, second and third year students 
who were invited actually participated. It is therefore 
plausible that the sample is skewed toward students who 
were more symptomatic and who chose to participate. 
This survey could be extended to include health science 
students at other universities, especially those institutions 
characterised by greater ethnic diversity. Furthermore, 
it would be advantageous to explore ways to increase 
student participation while keeping anonymity intact. It 
would also be useful to conduct a comparative analysis of  

first, second and third year students to elucidate whether 
SAD prevalence and symptom severity intensifies or is 
alleviated through the undergraduate student years, par-
ticularly with regards to in- and out-group interactions. 
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Abstract
AIM: To determine the cut-off values of body mass in-
dex (BMI) and waist circumference to predict hyperten-
sion in adults in north India.

METHODS: A community based cross-sectional study 
was conducted in 801 subjects in Kanpur, aged 20 
years and above, using multistage stratified random 
sampling technique. A pre-tested structured question-

naire was used to elicit the required information from 
the study participants and the diagnostic criteria for 
hypertension were taken according to the Seventh Joint 
National Committee Report on Hypertension (JNC-7). 
Receiver operating characteristic (ROC) analysis was 
used to estimate the cut-off values of BMI and waist 
circumference to predict hypertension.

RESULTS: The ROC analysis revealed that BMI is a 
good predictor of hypertension for both men (area un-
der the ROC curve 0.714) and women (area under the 
ROC curve 0.821). The cut-off values of BMI for pre-
dicting hypertension were identified as ≥ 24.5 kg/m2 

in men and ≥ 24.9 kg/m2 in women. Similarly, the ROC 
analysis for waist circumference showed that it is a 
good predictor of hypertension both for men (area un-
der the ROC curve 0.784) and women (area under the 
ROC curve 0.815). The cut-offs for waist circumference 
for predicting hypertension were estimated as ≥ 83 cm 
for men and ≥ 78 cm for women. Adults with high BMI 
or high waist circumference had a higher prevalence of 
hypertension, respectively.

CONCLUSION: Simple anthropometric measurements 
such as BMI and waist circumference can be used for 
screening people at increased risk of hypertension in 
order to refer them for more careful and early diagnos-
tic evaluation. Policies and programs are required for 
primary and secondary prevention of hypertension.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The Receiver operating characteristic analysis 
for body mass index (BMI) and waist circumference, 
respectively, showed good discriminatory power for 
hypertension in both men and women. The cut-off for 
BMI was identified as ≥ 24.5 kg/m2 in men and ≥ 24.9 
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kg/m2 in women. The cut-off for waist circumference 
for screening of hypertension was estimated as ≥ 83 
cm in men and ≥ 78 cm in women. BMI and waist cir-
cumference, being simple tools in identifying hyperten-
sion, can be used for primordial and primary prevention 
and can thereby bring about a substantial reduction in 
cardiovascular morbidity and mortality which occurs as 
a consequence of hypertension.

Midha T, Krishna V, Nath B, Kumari R, Rao YK, Pandey U, 
Kaur S. Cut-off of body mass index and waist circumference 
to predict hypertension in Indian adults. World J Clin Cases 
2014; 2(7): 272-278  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i7/272.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i7.272

INTRODUCTION
According to World Health Organization (WHO), car-
diovascular diseases (CVDs) are the number one cause 
of  death globally: more people die annually from CVDs 
than from any other cause[1]. An estimated 17.3 million 
people died from CVDs in 2008, representing 30% of  all 
global deaths. The prevalence of  hypertension in adults 
aged 25 years and above, worldwide, was around 40% 
in 2008[1]. Globally, raised blood pressure is estimated to 
cause 7.5 million deaths, about 12.8% of  the total mor-
tality. This, accounts for 57 million disability adjusted life 
years (DALYS) or 3.7% of  total DALYS[1]. WHO has 
estimated that hypertension is directly responsible for 
about 62% of  CVDs and 49% of  ischemic heart disease 
(IHD) worldwide[2]. 

A meta-analysis of  prevalence studies on hyperten-
sion in India, from January 2000 to June 2012, revealed 
a high prevalence of  hypertension in the urban (40.8%) 
as well as rural population (17.9%)[3]. India accounts for 
17% of  the world’s population, second largest in the 
world, thereby contributing largely to the statistics of  any 
disease in the world[4].

Hypertension is a controllable disease and it has been 
reported that targeted reductions in blood pressure in 
hypertensives as well as modest population-wide blood 
pressure reductions are expected to produce large reduc-
tions in the burden of  cardiovascular disease[5]. Miall sug-
gested that genetic influences contribute not more than 
a third to the variance in blood pressure levels[6]. If  the 
remaining two-thirds are environmental in origin, then an 
understanding of  these environmental factors and appro-
priate preventive measures could help to bring down the 
burden of  hypertension in the world. According to the 
Seventh Report of  the Joint National Committee (JNC-7) 
on prevention, detection, evaluation, and treatment of  
high blood pressure, modification of  risk factors plays 
an important role in the prevention and control of  high 
blood pressure[7].

Recent studies show that for every known person 
with hypertension there are two persons with either undi-

agnosed hypertension or prehypertension[8]. Screening the 
population for hypertension can go a long way in identi-
fying individuals with undiagnosed hypertension and pre-
vent a significant proportion of  cardiovascular morbidity 
and mortality due to inapparent hypertension. 

Being overweight in adulthood is well known to in-
crease the risk of  CVD especially hypertension[9]. It has 
also been seen that having a body mass index (BMI) out-
side the normal range significantly worsens risk param-
eters for CVD in school aged children[10]. Recognizing 
obesity using BMI and waist circumference as a marker, 
and thereby screening for cardiovascular risk can be a 
simple and inexpensive method of  combating CVDs at 
the primary health care level. Given the magnitude of  the 
problem of  hypertension in India and its grave cardio-
vascular consequences, accurate estimates of  cut-offs of  
BMI and waist circumference in predicting hypertension 
in the Indian population are necessary to plan effective 
control measures.

MATERIALS AND METHODS
Study population
The study population consisted of  the total population 
of  Kanpur district aged more than 20 years.

Study design and sample size
This was a population based cross-sectional study. The 
sample size required (N = 372) was calculated taking a 
prevalence of  obesity of  6.2%, as reported in the “Five 
City study” from Moradabad, with a precision of  2.5% 
and a confidence level of  95%[11]. The formula used was, 
n = Z(1-α/2 )

2pq/d2 (where Z(1-α/2) was taken at 95% confi-
dence; p = prevalence of  obesity, q = 100-p; d = absolute 
precision). For this study, p = 6.2%; q = 93.8%; d = 2.5%. 
Adding a 10% for incomplete answers, the total number 
came out to be 409. Since it was a multistage stratified 
random sampling, a design effect of  2 was included to 
minimize any error due to inherent variation in the popu-
lation. The calculated sample size was multiplied by 2 to 
obtain the sample size of  818. The data was analyzed for 
801 subjects only who had provided complete answers.

Sampling technique
Urban Kanpur has 110 wards and a total population of  
2797511 according to 2001 census, and rural Kanpur has 
10 blocks and a population of  1370488 which implies 
a ratio of  2:1 respectively[12]. Therefore, applying Prob-
ability Proportional to Size (PPS), out of  818 subjects, 
two-thirds (545) were selected from the urban population 
and one- third (273) were selected from the rural popu-
lation. Multistage stratified random sampling technique 
was used to select representative subjects of  Kanpur 
district. At the first stage, 8 wards were randomly selected 
to study the urban population[13]. Similarly, to study the 
rural population, 4 blocks were randomly selected[14]. At 
the second stage, 1 urban locality from each ward was 
randomly selected. Similarly, 1 village from each block 
was randomly selected. A total of  68 subjects from each 
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urban locality/village were interviewed to complete the 
required sample size.

Selection of subjects
The households in every urban area/village were selected 
for the study by systematic sampling. Depending upon 
the population of  the particular urban locality/village, a 
random number was chosen and every nth household was 
selected for the study. This process was continued till the 
required sample size was completed. In every household, 
only one member, aged more than 20 years was randomly 
selected. Out of  the 545 respondents interviewed in the 
urban area, 10 were excluded owing to incomplete an-
swers, whereas of  the 273 respondents interviewed in the 
rural area 7 were excluded. Therefore, the final analysis 
included the responses from a total of  801 study subjects. 
Data collection was done from December 2006 to Febru-
ary 2007.

Data collection
A pre-tested structured questionnaire was used to elicit 
the required information from the study participants. A 
standard mercury sphygmomanometer was used for re-
cording blood pressure. Before the measurement was tak-
en, the patient was seated comfortably for at least 5 min. 
Care was taken that the arm muscles were relaxed and the 
arm was supported at heart level. The cuff  was applied to 
the right upper arm and was inflated until the manometer 
reading was 30 mm Hg above the level at which the radial 
pulse disappears, and then slowly deflated at a rate of  
approximately 2 mmHg/s. During this time, the Korot-
koff  sounds were monitored using a stethoscope placed 
over the brachial artery. The first (appearance) and the 
fifth (disappearance) Korotkoff  sounds were recorded 
as the systolic and diastolic blood pressure, respectively. 
Blood pressures were measured twice and their mean was 
recorded. According to JNC-7[15], normal blood pres-
sure was defined as a systolic blood pressure (SBP) < 
120 mmHg and a diastolic blood pressure (DBP) < 80 
mmHg; pre-hypertension as SBP 120-139 mmHg and/or 
DBP 80-89 mmHg; Stage I hypertension as SBP 140-159 
mmHg and/or DBP 90-99 mmHg and stage Ⅱ hyper-
tension as ≥ 160 mmHg and/or DBP ≥ 100 mmHg. In 
the present study, subjects in stage Ⅰ and Stage Ⅱ were 
considered as hypertensive. Waist circumference was 

measured to the nearest 0.1 cm using a non-extensible 
tape. Measurement was made at the level of  the umbi-
licus, with the subject in the erect position, breathing 
silently.

Statistical analysis
Data was compiled in Microsoft Excel and analysed using 
MedCalc12.7.5 software. Receiver operating characteristic 
(ROC) analysis was used to compare the predictive valid-
ity, and to determine the optimal cut-off  values of  an-
thropometric indices. Area under the curve was also mea-
sured to determine the diagnostic power of  the test, and 
to describe the probability that the anthropometric indices 
would correctly identify subjects with hypertension. Opti-
mal cut-off  values were measured by calculating the sensi-
tivity and specificity of  the anthropometric measurements 
at various cut-off  points. Youden index was calculated to 
find out the associated criterion with maximum sensitivity 
and specificity for predicting hypertension.

RESULTS
In the present study, the mean age of  the study subjects 
was 35.5 ± 12.6 years, while that of  men and women 
respectively was 36.4 ± 13.8 years and 34.8 ± 11.6 years 
(Table 1). Average BMI of  the study population was 21.9 
± 4.3 kg/m2. The mean waist circumference of  men was 
78.9 ± 11.0 cm and that of  women was 74.4 ± 11.1 cm. 
Average systolic and diastolic blood pressure of  the study 
population was 124 ± 17 mmHg and 80 ± 9 mmHg re-
spectively. The mean systolic blood pressure among men 
was 127 ± 16 mmHg and that among women was 122 
± 18 mmHg. The mean diastolic blood pressure among 
men and women was 82 ± 9 mmHg and 78 ± 10 mmHg 
respectively.

The ROC analysis for BMI showed good discrimina-
tory power for hypertension for both men and women. 
Area under the ROC curve was 0.714 for men and 0.821 
for women respectively (Figure 1 A and B). The cut-off  
for BMI with better properties for screening of  hyperten-
sion was identified as ≥ 24.5 kg/m2 in men and ≥ 24.9 
kg/m2 in women (Table 2). The sensitivity and specificity 
of  cut-off  for BMI in men was 48.1% and 87.2% respec-
tively, and that for women was 71.9% and 80.7% respec-
tively.

Similarly, the ROC analysis for waist circumference 
revealed that it is a predictor of  hypertension for both 
men and women. Area under the ROC curve was 0.784 
for men and 0.815 for women respectively (Figure 1C 
and D). The cut-offs for waist circumference for screen-
ing of  hypertension was estimated as ≥ 83 cm for men 
and ≥ 78 cm for women (Table 2). The sensitivity and 
specificity of  cut-off  of  waist circumference in men was 
67.9% and 80.4% respectively while that for women was 
81.7% and 71.3% respectively. Adults with high BMI or 
high waist circumference had a higher prevalence of  hy-
pertension, respectively.

ROC analysis was also done after combining the pre-
hypertensive and hypertensive subjects as non-normoten-
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  Parameters Men 
(n  =356)

Women 
(n  =445)

Total 
(n  = 801)

  Age (yr)      36.4 ± 13.8     34.8 ± 11.6     35.5 ± 12.6
  Weight (kg)      58.6 ± 11.5     51.7 ± 11.7     54.8 ± 12.1
  Height (cm) 165.3 ± 7.1 151.7 ± 5.9 157.7 ± 9.3
  BMI (kg/m2)   21.4 ± 3.9   22.4 ± 4.6   21.9 ± 4.3
  Waist circumference (cm)     78.9 ± 11.0     74.4 ± 11.1     76.5 ± 11.3
  SBP (mmHg)   127 ± 16   122 ± 18   124 ± 17
  DBP (mmHg)   82 ± 9     78 ± 10   80 ± 9

Table 1  Characteristics of the study population

Values are written as mean ± SD. SBP: Systolic blood pressure; DBP: Dia-
stolic blood pressure; BMI: Body mass index.
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sive and the remaining normal subjects as normotensive. 
It was observed that BMI was not a good predictor of  
non-normotensive status both in men and women. Area 
under the curve was 0.452 for BMI among men and 0.540 
among women respectively. Similarly it was found that 
waist circumference did have good discriminatory power 
for non-normotensive status both in men and women. 
Area under the curve was 0.429 among men and 0.552 
among women respectively. These results were not statis-
tically significant.

Therefore, BMI and waist circumference can be con-
sidered good predictors of  hypertension but not of  pre-
hypertension.

DISCUSSION
In the present study, cut-off  for BMI for predicting hy-
pertension was identified as ≥ 24.5 kg/m2 in men and 

≥ 24.9 kg/m2 in women. In a study from Malaysia, the 
mean age of  the study subjects was 44 ± 14 years and the 
cut-off  for BMI as predictor of  hypertension was 25.5 
kg/m2 in men and 24.9 kg/m2 in women, which was very 
similar to our study. Areas under the curves of  BMI as a 
predictor of  hypertension were 0.59 and 0.61 in men and 
women, respectively[16]. Area under the curves of  0.6-0.7 
are considered to be poor while 0.7-0.8 are considered 
fair, as seen in our study. Increased CVD risks related to 
obesity at lower BMIs have been found in Asians[17,18]. In 
addition, Asians are also predisposed to visceral or ab-
dominal obesity[19]. Therefore, WHO recently proposed 
lower BMI values to define overweight and obesity in 
people of  the Asia-Pacific region[20]. According to the 
World Heart Federation, if  a person’s BMI is more than 
30, he/she is obese and at serious risk of  cardiovascular 
disease, whereas in our study, optimal cut-off  for BMI for 
predicting hypertension was identified as ≥ 24.5 kg/m2 in 
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Figure 1  Criterion values and coordinates of the receiver operating characteristic curve. A: Receiver operating characteristic (ROC) analysis for body mass 
index (BMI) as a predictor of hypertension among men revealed area under the curve = 0.714. The optimal cut-off for maximum sensitivity and specificity was 24.5; B: 
ROC analysis for BMI as a predictor of hypertension among women revealed area under the curve = 0.821. The optimal cut-off for maximum sensitivity and specificity 
was 24.9; C: ROC analysis for waist circumference as a predictor of hypertension among men revealed area under the curve = 0.784. The optimal cut-off for maxi-
mum sensitivity and specificity was 83; D: ROC analysis for waist circumference as a predictor of hypertension among women revealed area under the curve = 0.815. 
The optimal cut-off for maximum sensitivity and specificity was 78. 
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men and ≥ 24.9 kg/m2 in women[21].
However, some studies have also revealed that BMI fol-

lows a J-shaped curve to predict all case mortality. BMI is a 
strong predictor of  overall mortality both above and below 
the apparent optimum of  about 22.5-25 kg/m²[22]. The pro-
gressive excess mortality above this range is mainly due to 
vascular diseases and is probably causal at large. At 30-35 
kg/m², median survival is reduced by 2-4 years; at 40-45 
kg/m², it is reduced by 8-10 years (which is comparable 
with the effects of  smoking). The definite excess mortal-
ity below 22.5 kg/m² is mainly due to smoking-related 
diseases, and is not fully explained.

In the present study, the optimal cut-offs of  waist cir-
cumference for screening of  hypertension was estimated 
as ≥ 83 cm for men and ≥ 78 cm for women. The waist 
circumference cut-offs for risk of  hypertension obtained 
in this study are comparable to those reported by Sne-
halatha et al[23] for South Indians, which was reported as 
85 cm for men and 80 cm for women wherein the mean 
age of  the study population was 40.4 ± 14.2 years. These 
were also similar to the cut-offs observed by Rao et al[24]  
in Maharashtra as 86 cm in the male population averag-
ing 42.9 ± 7.9 years and 79 cm in the female population 
averaging 42.2 ± 7.8 years[23,24]. The cut-offs in the present 
study were slightly lower for men when compared to 
those reported by Misra et al[25] for North Indians (90 cm 
for men averaging 40.5 ± 14.7 years) and slightly higher 
for women (80 cm for women having mean age of  38.8 
± 14.8 years). In other Asian populations, cut-offs re-
ported by Wildman et al[26] for Chinese adults (86 cm for 
both sexes) and those observed by Lin et al[27] for adults 
from Taiwan as 80.5 cm for men and 71.5 cm for women 
with mean age 37.3 ± 10.9 years in men and 37.0 ± 11.1 
years in women, were on the lower side. Ethnicity plays 
an important role in determining the predictive power 
of  waist circumference for hypertension. Also, nutrition 
habits vary among different populations which may be the 
reason for the difference in waist circumference cut-offs.

According to the World Heart Federation, if  the 
waist circumference is more than 102 cm among men, 

the person is at serious risk of  CVDs, but for Asian men 
the cut-off  has been set at 90 cm[21]. Similarly for women 
the high risk cut-off  is 88 cm whereas in Asian women, 
it is 80 cm. In our study, the optimal cut-offs for waist 
circumference for predicting hypertension were ≥ 83 cm 
for men and ≥ 78 cm for women, which approximate 
the Asian cut-offs. In Asians, more than in the Western 
population, there is a strong association between blood 
pressure and stroke. It has been estimated that reduction 
of  3 mmHg in DBP would reduce the number of  strokes 
in Asia by one third. Identification of  indicators predict-
ing risk of  hypertension therefore has an important im-
plication towards prevention of  morbidity and mortality 
due to CVDs[28].

A major limitation of  the study was that the classifi-
cation of  hypertension was based on a single measure-
ment of  blood pressure. Secondly, the number of  female 
study subjects was greater than males which might act as 
a source of  bias in studying the difference in the cut-offs 
for predicting hypertension in men and women, respec-
tively. Although this is not a meta-analysis, it is a useful 
study with practical application for the prevention and 
control of  hypertension.

The present study reveals that BMI and waist cir-
cumference are simple tools in identifying hypertension. 
Although it is not easy to determine how low the cut-off  
should be, the findings in this study provide sufficient ev-
idence that BMI and waist circumference can be used as 
a screening tool for hypertension. Since high blood pres-
sure itself  is the entry point to other non-communicable 
diseases, this emphasizes the need for further research 
to identify cut-offs of  simple anthropometric measure-
ments, which can be calculated by people themselves, 
for screening of  hypertension. Given the risk of  CVD 
associated with high blood pressure, hypertension screen-
ing and health education programs regarding weight 
reduction may be considered as a cost-effective public 
health approach in dealing with the morbidity attributed 
to CVDs. This study is only a prelude to the upcoming 
research in the field of  non-communicable diseases espe-
cially in the Asian population which is more vulnerable to 
adverse effects of  obesity.

COMMENTS
Background
Cardiovascular diseases (CVDs) are the most common cause of mortality in 
the world; around 30% of all global deaths in 2008 were attributed CVDs. High 
blood pressure is the entry point to CVDs and other non-communicable dis-
eases. The magnitude of hypertension in adults aged 25 and over was around 
40% in the world in 2008. A meta-analysis in 2013 estimated the prevalence of 
hypertension as 40.8% in the urban and 17.9% in the rural Indian population. 
Body mass index (BMI) and waist circumference are simple tools in predicting 
hypertension, which can be calculated by the people themselves. The findings 
in this study provide cut-off levels of BMI and waist circumference for screen-
ing of hypertension in the Indian population. Given the risk of CVDs associated 
with high blood pressure, hypertension screening and health education pro-
grams regarding weight reduction may be considered as a cost-effective public 
health approach in dealing with the morbidity attributed to CVDs. Therefore, a 
precise estimate of the cut-offs of BMI and waist circumference specific to the 
indigenous population of the country is required to assess the magnitude of 
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  Indicators BMI in men BMI in 
women

WC in men WC in 
women

  Area under the 
  ROC curve

0.714 0.821 0.784 0.815

  Standard error 0.0312 0.0237 0.0286 0.0284
  95%CI 0.664 to 0.760 0.783 to 0.856 0.737 to 0.826 0.776 to 0.850
  z statistic 6.857 13.572 9.922 11.117
  Significance 
  level 
  P  (Area = 0.5)

< 0.0001 < 0.0001 < 0.0001 < 0.0001

  Youden index J 0.3611 0.5294 0.4912 0.5542
  Associated 
  criterion

> 24.5 > 24.9 > 83 > 78

Table 2  Receiver operating characteristic analysis for 
body mass index and waist circumference as predictor of 
hypertension in men and women

BMI: Body mass index; ROC: Receiver operating characteristic.
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the problem that has to be addressed and to design programs and policies for 
prevention and control.
Research frontiers
In India, very few studies are available on the cut-offs of BMI and waist cir-
cumference for predicting hypertension. Given the variation in anthropometry 
due to ethnic differences and discrepancies in the nutritional status of different 
populations, an estimate of the cut-offs for screening of hypertension in the 
Indian population is required which can help in the development of preventive 
strategies. 
Innovations and breakthroughs
BMI and waist circumference have good discriminatory power for predicting 
hypertension in the Indian population and this knowledge will help in shaping 
primordial and primary level preventive programs for the country.
Applications
Very few studies on cut-off levels of BMI and waist circumference for screen-
ing of hypertension are available in India; therefore, the main application of this 
study is to provide cut-offs levels for our indigenous population to help develop a 
strategy for control and prevention of hypertension appropriate for the country.
Terminology
The ROC curve is a fundamental tool for diagnostic test evaluation using a 
graphical plot. In a ROC curve the true positive rate (Sensitivity) is plotted as a 
function of the false positive rate (100-Specificity) for different cut-off points of 
a parameter. Each point on the ROC curve represents a sensitivity/specificity 
pair corresponding to a particular decision threshold. The ROC curve estimates 
and reports all of the combinations of sensitivity and specificity that a diagnostic 
test is able to provide.The area under the ROC curve (AUC) is a measure of 
how well a parameter can distinguish between two diagnostic groups (diseased/
normal). Accuracy of a diagnostic test is measured by the area under the ROC 
curve. An area of 1 represents a perfect test; an area of 0.5 represents a worth-
less test. The associated criterion value corresponding with the Youden index J 
is the optimal criterion value when disease prevalence is 50% and equal weight 
is given to sensitivity and specificity.
Peer review
The study titled “Optimal Cut-off values of BMI and waist circumference to pre-
dict hypertension in adults: A cross-sectional study in a north Indian population” 
has been well thought out. It may be an incremental contribution of the manu-
script to the field. Design of the manuscript is also good. It is well-marked that 
this paper would have a few literature errors formally.
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Abstract
Myelolipomas are rare tumors consisting of both adi-
pose and hematopoietic tissue and are typically found 
within the adrenal gland. Extra-adrenal involvement 
is rare, especially those tumors involving the perirenal 
space and collecting system. We report a case of a 
patient with an incidentally discovered perirenal mass 
that was initially concerning for a retroperitoneal lipo-
sarcoma. Following surgical resection and pathological 
analysis, the lesion was found to be an extra-adrenal 
myelolipoma. This case report and review of the litera-
ture demonstrates the importance of the proper work-
up and management of perirenal lipoma variants while 
addressing the issues of tissue biopsy, surgical inter-
vention, and pre- and post-operative surveillance.  

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Myelolipoma; Lipoma; Perirenal mass; Ne-
phrectomy; Oncology

Core tip: We report a case of a patient with an inci-
dentally discovered perirenal mass that was initially 
concerning for a retroperitoneal liposarcoma. Following 
surgical resection and pathological analysis, the lesion 
was found to be an extra-adrenal myelolipoma. This 
case report and review of the literature demonstrates 
the importance of the proper work-up and manage-
ment of perirenal lipoma variants while addressing the 
issues of tissue biopsy, surgical intervention, and pre- 
and post-operative surveillance.

Hajiran A, Morley C, Jansen R, Kandzari S, Bacaj P, Zaslau S, 
Cardinal J. Perirenal extra-adrenal myelolipoma. World J Clin 
Cases 2014; 2(7): 279-283  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i7/279.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i7.279

INTRODUCTION
Myelolipomas are mesenchymal tumors which consist 
of  a mixture of  mature adipose tissue with hematopoi-
etic cells. This intriguing tumor most commonly occurs 
within the adrenal gland; however, it has been occasion-
ally found within the pelvis, thorax, retroperitoneal space, 
and various other sites throughout the body[1-7]. There 
have been less than 60 reported cases of  extra-adrenal 
myelolipomas to this date, with the majority of  the lit-
erature describing neoplasms found within the pre-sacral 
space[2,8-10]. Perirenal extra-adrenal myelolipomas are es-
pecially rare, with only 9 cases previously reported[11]. We 
present a case of  a patient with an incidentally discov-
ered perirenal mass which, after having shown interval 
growth on longitudinal surveillance imaging studies, was 
surgically resected along with a left nephrectomy for pre-
sumed retroperitoneal liposarcoma. On final pathological 
analysis the lesion was found to be an extra-adrenal my-
elolipoma. 
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CASE REPORT
A 78-year-old gentleman presented to the surgical oncol-
ogy clinic to be evaluated for a left-sided retroperitoneal 
mass that was incidentally discovered on a computed 
tomography (CT) scan for a suspected case of  acute pan-
creatitis. His prior medical history included hypertension, 
hyperlipidemia, acalculous cholecystitis, atrial fibrillation, 
and coronary artery disease. Initial radiographic findings 
revealed a non-enhancing heterogeneous mass measur-
ing approximately 3.8 cm × 2.3 cm in longitudinal and 
anterior-posterior (AP) dimensions, just inferior to the 
left renal vein and medial to the left kidney (Figure 1). 
As the lesion appeared to contain mostly adipose with a 
small amount of  soft tissue density, a well differentiated 
liposarcoma was suspected. The patient was initially of-
fered surgical resection of  the lesion, which he refused. 
Given the small size of  the mass and patient’s age and 
health status, the decision was made to closely monitor 
the lesion with routine cross-sectional surveillance imag-
ing and regular follow-up at 4 to 6 mo. 

Throughout the surveillance period, the patient did 
not complain of  any new symptoms. Physical examina-
tion repeatedly revealed a soft, non-tender abdomen with 
no palpable masses or hernias. Repeat cross-sectional 

imaging studies, however, did reveal a slowly enlarging 
left-sided heterogeneous perirenal mass. A magnetic 
resonance imaging (MRI) obtained 17 mo after initial 
diagnosis showed that the mass had increased in size to 
5.0 cm × 3.4 cm (Figure 2). Four months prior the tumor 
had remained unchanged. The concern for a progressing 
malignant lesion prompted the decision to proceed with 
surgical intervention. Due to its proximity to the renal 
vessels, as well as the fact that the preoperative diagnosis 
was liposarcoma, the mass was excised en bloc with the 
left kidney in an attempt to gain wide surgical margins. 
The patient tolerated the procedure well and his post-
operative course was uneventful. He was discharged 
home in stable condition on the ninth day following the 
procedure. 

Gross pathology revealed an encapsulated, well-
defined, focally hemorrhagic mass measuring 7.2 cm × 4.1 
cm × 3.3 cm in size. The tumor did not extend into the 
renal capsule or adrenal gland. Histology revealed that the 
mass was composed of  mostly mature adipocytes mixed 
with islands of  hematopoietic cells. Trilineage hemato-
poiesis was present, including nucleated red blood cells 
and megakaryocytes (Figure 3). Tumor resection margins 
were free. The above mentioned morphological features 
were consistent with the diagnosis of  “perirenal (extra-
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Figure 1  Initial computed tomography scan. Shows incidentally found non-enhancing heterogeneous mass measuring approximately 3.8 cm × 2.3 cm in longitudi-
nal (A) and anterior-posterior dimensions (B), just inferior to the left renal vein (long arrow) and medial to the left kidney (arrow).

Figure 2  Surveillance magnetic resonance imaging. Imaging obtained 17 mo after the initial diagnostic computed tomography scan shows that the mass, located 
just inferior to the left renal vein (long arrow) and medial to the left kidney (arrow), increased in size to 5.0 cm × 3.4 cm in longitudinal (A) and anterior-posterior dimen-
sions (B). 
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adrenal) myelolipoma”. 

DISCUSSION
Myelolipoma is a unique mesenchymal tumor that is 
composed of  a mixture of  adipose and hematopoietic 
cells. The first case of  an adrenal lesion containing both 
fat and myeloid elements was described by Gierke[12] in 
1905. The reported incidence of  myelolipoma on autop-
sy ranges from 0.08% to 0.4%[13]. This type of  tumor is 
most commonly localized to the adrenal gland; however, 
there are rare but well-documented cases of  extra-adrenal 
involvement[1]. To our knowledge, less than 60 cases of  
extra-adrenal myelolipomas have been reported[2,8-10], 
most of  them involving the pre-sacral space. Tumors 
involving the mediastinum, lung, spleen, mandible, and 
nasal cavity have also been described[2-7]. Perirenal extra-
adrenal myelolipomas are especially rare, with only 9 
cases described so far[11].

A review of  the literature shows that extra-adrenal 
myelolipomas exhibit a slight female predominance and 
are typically discovered between the ages of  50 to 70 
years old[4,7,11]. Most tumors are unilateral and have been 
found to range from 2 to 26 cm in size at the time of  di-
agnosis[14,15]. The etiology of  extra-adrenal myelolipomas 
is still to be established. Several theories exist regarding 
their embryologic origin and pathogenesis. Amin et al[16] 
suggest that there may be a relationship between the re-
activation of  primitive peritoneal foci of  extramedullary 
hematopoiesis under pathological stresses (i.e., severe 
anemia, sepsis, myeloproliferative disease) and the origin 
and progression of  extra-adrenal myelolipomas. Another 
theory postulates that myelolipomas originate from meta-
plasia of  previously uncommitted adrenal cortical mes-
enchymal cells or hematopoietic stem cells that normally 
migrate to the adrenal gland during intrauterine develop-
ment[16].

The widespread application of  modern imaging tech-
niques has led to a dramatic increase in the detection of  
extra-adrenal myelolipomas. The majority of  patients are 
asymptomatic at the time of  diagnosis, and lesions are 
discovered incidentally on imaging for alternative medi-
cal problems. Typically, physical examination and routine 

blood tests fail to yield any conclusive diagnostic findings. 
Depending on the size and location of  the lesion, some 
patients may present with vague flank or abdominal pain 
due to hemorrhage, mechanical compression, or tumor 
infarction[17]. CT and MRI have been used to diagnose 
extra-adrenal myelolipomas. When a myelolipoma is con-
tained within the adrenal gland, the diagnosis is straight-
forward because it is the only known entity composed of  
adipose tissue occurring in this location[18]. A fatty mass 
within the retroperitoneal space represents a diagnostic 
challenge because the differential diagnosis includes an 
angiomyolipoma, a retroperitoneal teratoma, or a well-
differentiated liposarcoma. A study that reviewed the 
MRI results of  126 consecutively imaged grossly fatty 
masses found that the sensitivity of  MRI in diagnosing 
well-differentiated liposarcomas is 100%; however, its 
specificity is merely 83% due to the inability to differenti-
ate between liposarcomas and other lipoma variants[19]. 

Fine needle biopsy under ultrasound or CT guidance 
may be useful for the diagnosis of  extra-adrenal my-
elolipoma. Well-differentiated liposarcoma differs from 
myelolipoma in that the former contains atypical stromal 
cells, variable-sized adipocytes, some of  them with nucle-
ar atypia, and lipoblast which, however, are not diagnos-
tic, being absent in some cases. By contrast, extra-adrenal 
myelolipomas are composed of  mature adipocytes with 
scattered hematopoietic cells, including megakaryo-
cytes[20]. Although these histological differences between 
the two tumors, in many cases the final diagnosis is diffi-
cult, if  not impossible, based on tissue biopsy[11]. Further-
more, the risks of  hemorrhage, rupture, or infection that 
are associated with biopsy must factor into a clinician’s 
decision to proceed with this invasive diagnostic proce-
dure[11]. In our patient, tissue biopsy was deferred due to 
the patient’s preference to forego the procedure.

There is currently no standard treatment for patients 
with this disease. Daneshmand et al[21] suggest that small 
asymptomatic tumors (< 4 cm) should be monitored with 
routine cross-sectional surveillance imaging, while large 
symptomatic tumors (> 7 cm) should be surgically re-
moved. Extra-adrenal myelolipomas have been removed 
using a thoracoabdominal incision, but recently a lapa-
roscopic approach has proven to be just as effective[10]. 
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Figure 3  Hematoxylin and eosin stain at 10 × (A) and 60 × (B) magnification. Shows mature adipose cells with hematopoietic cells including erythroid precursors, 
granulocytic precursors, and megakaryocytes.
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Early detection and proper management of  myelolipo-
mas is important due to the potential for tumor growth 
and hemorrhage. A study of  86 myelolipomas found that 
hemorrhage is more common in larger lesions with a di-
ameter measuring greater than 10 cm[22].

A review of  9 reported cases perirenal extra-adrenal 
myelolipomas, shows that the average age at diagnosis 
is 62 years of  age (Table 1). Perirenal lesions exhibited 
a male-to-female ratio of  7:2. At the time of  diagnosis, 
patients were either asymptomatic or complained of  vari-
ous symptoms including flank pain, dysuria, frequency, 
urgency, weight loss, hematuria, or abdominal distention. 
CT and ultrasound were the imaging modalities used to 
characterize the masses. Biopsy was used in only 2 of  the 
9 cases prior to surgical intervention. The average size on 
imaging is 8.7 cm × 7.4 cm, while the size of  the resected 
masses on gross pathological evaluation is 11.8 cm × 8.0 
cm × 5.9 cm. Treatment included open and laparoscopic 
mass excision with or without nephrectomy or partial 
nephrectomy depending on concern for adequate surgi-
cal margins. Upon reviewing the literature, we felt it was 
reasonable to monitor the lesion with routine surveillance 
imaging until the tumor increased in size and to perform 
a mass resection with a nephrectomy to ensure adequate 
surgical margins. 

Since an extra-adrenal myelolipoma is such a rare en-
tity, a retroperitoneal mass that has imaging characteris-
tics of  a well-differentiated liposarcoma should ultimately 
end up being approached and treated as such. However, 
this report demonstrates that extra-adrenal myelolipoma 
should be considered as part of  the list of  differential 
diagnoses. In cases in which surgical extirpation of  an ex-
tra-adrenal myelolipoma is performed, there are no clear 

recommendations for post-operative surveillance. Our 
review did not reveal a case of  local recurrence of  a ret-
roperitoneal myelolipoma, however, routine radiographic 
surveillance would certainly be helpful to detect potential 
locally recurrent disease. 

In summary, perirenal extra-adrenal myelolipoma 
is extremely rare. This neoplasm is typically discovered 
incidentally on cross-sectional imaging and commonly 
thought to be a liposarcoma. It can be managed conser-
vatively or surgically depending on the patient’s symptoms 
or level of  concern for a malignant lesion. Early detection 
and proper management of  myelolipomas are important 
due to the potential for tumor growth and hemorrhage. 

COMMENTS
Case characteristics
This case features a left-sided retroperitoneal mass that was incidentally dis-
covered on a computed tomography (CT) scan for a suspected case of acute 
pancreatitis. 
Clinical diagnosis
Imaging revealed a non-enhancing heterogeneous mass measuring approxi-
mately 3.8 cm x 2.3 cm in longitudinal and anterior-posterior dimensions, just 
inferior to the left renal vein and medial to the left kidney, and histological evalu-
ation revealed that the mass was composed of mostly mature adipocytes mixed 
with islands of hematopoietic cells.
Differential diagnosis
Differential diagnosis was most concerning for liposarcoma, lipoma, malignant 
fibrous histiocytoma, or a fibrosarcoma. 
Laboratory diagnosis
Laboratory findings were non-contributory to arriving at the final diagnosis.
Imaging diagnosis
CT and MRI were used to initially detect and follow the progression of the mass.
Pathological diagnosis
Hematoxylin and eosin (H and E) stain at 10 x and 60 x magnification revealed 
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  Age at time   
  of diagnosis (yr)

Sex Presentation Diagnostic imaging Biopsy  Gross pathology Treatment Ref.

  45 Male Asymptomatic CT
(5 cm × 5 cm)

No 6.0 cm × 3.5 cm × 2.5 
cm

Partial nephrectomy Wagner et al[23],
1997

  45 Female Flank pain
Dysuria

Frequency 
Urgency

CT
(10 cm × 7 cm)

Yes 9.0 cm × 6.4 cm × 5.5 
cm

Laparoscopic mass 
resection

Beiko et al[10],
2010

  60 Male Abdominal pain CT
(4.2 cm × 3.7 cm)

No Not reported Radical nephrectomy Pascual García et al[24],
2007

  63 Male Asymptomatic CT
(6.5 cm × 5.5 cm)

No Not reported Open mass resection Dan et al[15],
2012

  65 Male Flank pain, 
Weight loss
Hematuria

CT
(5.5 cm × 4.5 cm)

No 7.0 cm × 5.0 cm × 1.5 
cm

Radical nephrectomy Talwalkar et al[9],
2006

  66 Female Abdominal 
distention

CT 
(20 cm × 20 cm)

No 20 cm × 15 cm × 15 cm Open mass resection Brietta et al[25],
1994

  67 Male Asymptomatic CT
(7 cm × 5 cm)

No Not reported Radical nephrectomy Sneiders et al[26],
1993

  70 Male Flank pain 
Fever

Ultrasound
(12 cm × 8.5 cm)

No 17.0 cm × 10.0 cm × 5.0 
cm

Open mass resection Kilinc[27],
2007

  77 Male Abdominal 
distension 

Hypertension

CT
(Bilateral fat-

containing masses)

Yes Not reported Follow-up CT 3 mo 
showed no change

Temizoz et al[20],
2010

Table 1  Review of reported cases of perirenal extra-adrenal myelolipomas

CT: Computed tomography.
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mature adipose cells with hematopoietic cells including erythroid precursors, 
granulocytic precursors, and megakaryocytes. 
Treatment
The mass was excised en bloc with the left kidney in an attempt to gain wide 
surgical margins.
Related reports
The list of references to this article contains several related reports to aid read-
ers to further understand this topic.
Term explanation 
Myelolipoma is a unique mesenchymal tumor that is composed of a mixture of 
adipose and hematopoietic cells.
Experiences and lessons
Perirenal extra-adrenal myelolipomas are neoplasms that are typically discov-
ered incidentally on cross-sectional imaging, they can be managed conserva-
tively or surgically depending on the patient’s symptoms or level of concern for 
a malignant lesion, and early detection and proper management of myelolipo-
mas are critical due to the potential for tumor growth and hemorrhage. 
Peer review
This study describes a lesion which is not a unique phenomenon. Nevertheless, 
it is well writen with a good review of the literature.
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Abstract
Verrucous carcinoma of the esophagus is a variant of 
a squamous cell cancer. Our case is a 78-year-old male 
patient comes in with the dysphagia and weight loss, 
and on endoscopy (EGD) he is found to have an irregu-
lar intraluminal mass at the distal esophagus. With the 
deep EGD assisted biopsy, diagnosis of the verrucous 
carcinoma is made. Due to multiple co morbidities and 
possible infiltration to the pericardium, patient is taken 
for the esophageal stent placement and is being re-
ferred for the chemo-radiation treatment. The diagnosis 
can be very difficult to make with the superficial biop-
sies due to very non specific histological changes and 
requires very high clinical suspicion and deep mucosal 
biopsies are required for accurate diagnosis of the tu-
mor. Chronic and local disease process is the main risk 
factor for the development of the verrucous carcinoma 
of the esophagus. Surgery is the treatment of the 
choice for the early stage tumor and advanced cases 
are treated with the palliation and possibly chemo- 
radiation. The prognosis is usually guarded and needs 
long term follow up. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Verrucous carcinoma; Hyperkeratosis; 
Esophageal stent placement; Esophageal carcinoma; 
Endoscopic Ultrasound

Core tip: A verrucous carcinoma is a slow growing, well 
differentiated, rare form of squamous carcinoma vari-
ant. It is associated with chronic, local disease process 
and it invades locally. On endoscopy (EGD), it appears 
as an exophytic irregular warty projecting mass, and 
it is very difficult to diagnose by superficial biopsy due 
to non specific superficial histological findings. So it 
requires high index of suspicion and deep biopsy with 
EGD or endoscopic ultrasonography (EUS). It projects 
as hypoechoic mucosal thickening on EUS. Early stages 
of cancers are treated surgically. Advanced cases can 
be referred for esophageal stent placement for pallia-
tion and chemo radiation. It has high morbidity and 
mortality and requires long term follow up for accurate 
numbers regarding to the treatment and the follow up. 

Ramani C, Shah N, Nathan RS. Verrucous carcinoma of the 
esophagus: A case report and literature review. World J Clin 
Cases 2014; 2(7): 284-288  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i7/284.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i7.284

INTRODUCTION
Verrucous carcinoma of  the esophagus is a rare form of  
carcinoma of  squamous cell origin[1-9]. Majority of  the 
cases are associated with the smoking, reflux esophagitis, 
alcohol use, human papilloma virus (HPV), achalasia and 
few other chronic inflammatory conditions[1-9]. An inci-
dence rate of  such cancer has been shown to be higher 
in males than females with a ratio of  2:1 and seen in the 
group from 35 to 80 years[1-3,6]. Superficial biopsies of  the 
lesion often show merely chronic inflammation with no 
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high grade dysplasia, which makes it difficult to diagnose. 
So far, less than 30 cases of  such carcinomas are re-

ported in the English literature. We are presenting a case 
of  the verrucous carcinoma of  the esophagus with no 
documented risk factors associated with the carcinoma 
and a diagnosis is made by deep biopsies of  the lesions. 

CASE REPORT
We have recently seen a 78-year-old African American 
man, presenting with dysphagia, weight loss of  15 Lbs 
over 4-5 wk and right lower quadrant dull, and non radi-
ating abdominal pain. His past medical history included 
coronary artery disease status post angioplasty with stent 
placement, hypertension, dyslipidemia, and diabetes mel-
litus with complications including diabetic retinopathy 
and nephropathy. He was non-smoker and non-drinker 
and denied any history of  GERD. And symptoms were 
gradual in onset over last couple of  months. His physi-
cal exam showed no abnormality. On lab evaluation, His 
BUN and serum creatinine were 42 and 2.4 respectively, 
normal liver function tests; Hemoglobin was 12.4 g/dL 
with MCV 84.4 fl. All other labs were within normal lim-
its. ultrasonography of  the abdomen and computed to-
mography (CT) scan of  the abdomen and pelvis were un-
remarkable for any hepatobilliary, pancreatic or intestinal 
pathology. He underwent barium esophagogram, and was 

found to have a long, irregular stricture involving the mid 
and distal esophagus with an apparent intraluminal mass 
at its proximal end. The endoscopic examination showed 
a luminal warty appearing mass occupying distal 8 cm of  
the esophagus (Figure 1). Endoscopic ultrasonography 
(EUS) examination was performed which showed solid 
tumor measuring approx 5 cm in greatest dimension, 
possibly infiltrating into the pericardium (Figure 2). It 
also showed hypoechoic concentric wall thickening that 
appeared to be either an inflammatory process or lym-
phoma.

Initial biopsies were remarkable for squamous epithe-
lial cells with parakeratosis and marked acute and chronic 
inflammation, ulceration and focal squamous cell with 
atypia. The repeat endoscopic examination and extensive 
biopsies with jumbo forceps revealed the diagnosis of  
verrucous carcinoma of  the esophagus. In situ hybridiza-
tion for both high and low risk HPV was negative.

A CT scan of  the chest showed some mediastinal 
lymph nodes. Bone scan showed no any bone metastasis. 
In view of  the dysphagia, patient underwent endoscopy 
(EGD) and placement of  an esophageal Wallflex stent 
(Boston scientific partially covered 23 mm wide and 125 
mm long).

Due to extensive medical history and fairly advanced 
stage, surgery was contraindicated and the patient was 
referred for chemotherapy and radiation. 
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Figure 1  Upper endoscopy showing an irregular velvety appearing intraluminal mass in the esophagus (A and B).

Figure 2  Superficial biopsy of the lesion showing Mild cytological atypia and chronic inflammation and reactive appearing basal layer of sq cell epithelium 
(A); deep biopsy of the lesion with a jumbo forceps showing Florid proliferation of sq epithelium with verrucous pattern (B).
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DISCUSSION
Verrucous carcinomas are a variant of  squamous carcino-
ma. They are slow growing and seen in the oropharynx, 
larynx, glans penis, scrotum, vulva, vagina, cervix, endo-
metrium, urinary bladder, anorectal region and the sole 
of  the feet[2-4]. The Verrucous carcinomas are believed to 
be associated with the chronic mucosal irritation or in-
flammation or a long-term disease process[2,4].

Amongst all different sites for verrucous carcinoma, it 
is rarely seen in the esophagus[1-9]. First ever case of  such 
cancer in esophagus was reported by Minelly in 1967[2,3,4,7] 
and thereafter so far less than 30 cases are reported in the 
English literature[8]. 

The etiological factors are not clearly delineated in the 
literature but it seems to be associated with the chronic 
inflammatory conditions or long term local disease pro-
cess[1-9]. Risk factors may include smoking; alcohol abuse; 
hiatal hernia; achalasia; esophagitis; caustic injury from 
lye, battery or kerosene ingestion; esophageal diverticu-
lum or nutcracker esophagus. In the recent years, few 
reported cases have shown the association with the HPV 
virus, although the clear association is very unclear[5,6,8,9]. 
Our case was not clearly associated with the any of  these 
documented risk factors. Devlin et al[3] mentions that 
the acid inhibition decreases the tumor length and also 
changes the appearance from polypoid to sessile and 
warty. This hypothesizes that the long term acid damage 
could be a contributory for the development of  the ver-
rucous carcinoma.

The incidence rate is higher in male as compared to 
female with a ratio of  approx 2:1[1-3]. An age distribu-
tion of  this type of  carcinoma ranges from 36 to 79 
with a mean age of  61[1-3]. Most common presenting 

sign and symptoms in the verrucous carcinoma of  the 
esophagus are dysphagia and weight loss, seen in our case 
as well[1-3,5,6]. Other symptoms would be hematemesis, 
coughing and odynophagia[2,6]. Endoscopic appearance 
of  such lesions includes, shaggy, white, exophytic, wart-
like, velvety, papillary, spiked, cauliflower like mass[1-3,7-9]. 
The tumor is located mostly in the lower esophagus (70%) 
with no clear reason but it can involve the upper (23%) 
or the mid part of  the esophagus (7%) as well[2-9]. 

A diagnosis is usually made by either endoscopy 
guided deep mucosal biopsy or EUS guided tunnel biop-
sy or post surgery specimen evaluation. Verrucous carci-
noma of  the esophagus usually evolves in the sequential 
fashion from acanthosis, hyperkeratosis, parakeratosis, 
leukoplakia, verrucous lesions, and papillary hyperplasia 
to verrucous carcinoma[2]. Superficial biopsies of  such 
lesions show only non specific acanthosis, parakerato-
sis, or hyperkeratosis, with associated acute or chronic 
inflammation[2,3,6,8]. which makes these types of  carcino-
mas are difficult to diagnose and requires high index of  
suspicion and repeat endoscopic deep biopsies as in our 
case (Figure 3). Endoscopic biopsies have revealed 46% 
cases of  the verrucous carcinoma, remaining of  them 
have been diagnosed either after surgery or with the use 
of  EUS[2-9]. EUS is highly accurate imaging modalities 
for the diagnosis and staging as well as follow up of  
esophageal tumors. It also estimates the depth of  inva-
sion as well as any lymphadenopathy which is helpful in 
staging.  EUS guided tunnel biopsy of  such lesions can 
be useful as seen in few case reports[2-4,8]. A Verrucous 
carcinoma of  the esophagus commonly projects as a dif-
fuse hypoechoic mucosal thickening with varying degree 
of  depth with varying degree of  lymphadenopathy in 
EUS exam[2-4,7,8]. It invades as a column of  neoplastic 
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Figure 3  Tumor infiltrating pericardium.
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cells in a pushing manner instead of  invasion in dis-
creet cells[3], with the 80% invades through and beyond 
superficial epithelium, 8% limited to the superficial epi-
thelium only and 12% unclear[2-9]. More than 50% cases 
are found have inflammatory infiltrates surrounding the 
tumor[3,6], and the lymphnode biopsy mostly shows hy-
perplastic nodes secondary to local inflammation which 
can prove that the chronic inflammation predisposes to 
the verrucous carcinoma of  the esophagus[2,7]. Overall, 
histologically, it is similar to benign squamous papilloma 
and the tumor infiltration beyond the superficial mucosa 
fairly differentiates it from the benign squamous cell 
papilloma[2].

Despite of  its slow growth and high degree of  dif-
ferentiation, it has very poor prognosis. As per literature, 
there is a delay between the onset of  the symptoms and 
the diagnosis. And at the time of  the diagnosis, majority 
of  the cases are locally advanced[1-9]. Morbidity and mor-
tality associated with such tumors are mainly due to local 
invasion or due to surgical complications. There is no any 
reported case of  distant metastasis in the literature. It can 
spread locally to the lungs, bronchi, pleura and can form 
fistulas[1,2,8]. Our case is the first reported instance of  peri-
cardial invasion confirmed with EUS study. With regards 
to therapy, early stages of  the cancer can be treated surgi-
cally with esophageal resection or polypectomy/mucosal 
resection[1-9]. More advanced cases, or non surgical can-
didates can be treated with esophageal stent placement, 
as done in our case. Due to rarity of  such tumors, no 
clear data are available for any effective chemo- radiation 
therapy. However, most recent post operative follow up 
case series have shown better prognosis with cancer free 
survival ranges from 9 mo to 3 years[2,3]. We need a long 
term follow up with such patients and that can improve 
the outcome. 

A verrucous carcinoma is a slow growing, well dif-
ferentiated, rare form of  squamous carcinoma variant. 
It is associated with chronic, local disease process and it 
invades locally. On EGD, it appears as an exophytic ir-
regular warty projecting mass, and it is very difficult to 
diagnose by superficial biopsy due to non specific super-
ficial histological findings. So it requires high index of  
suspicion and deep biopsy with EGD or EUS. It projects 
as hypoechoic mucosal thickening on EUS. Early stages 
of  cancers are treated surgically. Advanced cases can be 
referred for esophageal stent placement for palliation 
and chemo radiation. It has high morbidity and mortality 
and requires long term follow up for accurate numbers 
regarding to the treatment and the follow up. 

COMMENTS
Case characteristics
A 78-year-old African American man presented with dysphagia, weight loss of 
15 Lbs over 4-5 wk and right lower quadrant dull, and non radiating abdominal 
pain.
Clinical Diagnosis
Physical examination was unremarkable. 

Differential diagnosis
Benign squamous papilloma, adenocarcinoma of the esophagus
Laboratory diagnosis
BUN and serum creatinine were 42 and 2.4 respectively, normal liver function 
tests; Hemoglobin was 12.4 with MCV 84.4.
Imaging diagnosis
A barium esophagogram showed a long, irregular stricture involving the mid 
and distal esophagus with an apparent intraluminal mass at its proximal end. 
A computed tomography scan of the chest showed some mediastinal lymph 
nodes. Bone scan showed no any bone metastasis.
Pathological diagnosis
The endoscopic examination and extensive biopsies with jumbo forceps re-
vealed the diagnosis of verrucous carcinoma of the esophagus. In situ hybrid-
ization for both high and low risk HPV was negative.
Treatment
Due to extensive medical history and fairly advanced stage, surgery was 
contraindicated and the patient Patient underwent EGD and placement of an 
esophageal Wallflex stent and was referred to chemotherapy and radiation. 
Related reports
The etiological factors are not clearly delineated in the literature. It has high 
morbidity and mortality and requires long term follow up for accurate numbers 
regarding to the treatment and the follow up.
Experiences and lessons
This report presents a case of rare variant of squamous cell cancer of esopha-
gus, and difficulties associated with the diagnosis and treatment. It is very 
beneficial for the patients, if it is diagnosed in the early stages. But nonspecific 
superficial biopsies make it difficult to diagnose and it requires high index of 
suspicion even without any associated risk factors. 
Peer review
It is indeed a rare form of squamous cell carcinoma. Due to the same reasons, 
there are not enough studies available in terms of management that can be ap-
plied to general population. 
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Abstract
Surgical treatment for cervical kyphotic deformity is still 
controversial. Circumferential approach has been well 
described in the literature but long terms outcomes 
are not well reported. Important to decide the correct 
treatment option is the preoperative radiological exams 
to value the type of deformity (flexible or fixed). We 
report the case of a 67-year-old woman affected by a 
severe cervical kyphotic deformity who underwent com-
bined anterior/posterior surgical approach, getting a 
good reduction of the deformity and an optimal stability 
in a long term follow up.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cervical deformity; High grade kyphosis; 
Circumferential fusion; Surgical technique; Degenerative 
cervical spine

Core tip: The choice of the treatment for cervical ky-
photic deformity takes into account preoperative ra-
diological exams which allow the classification of the 
deformity in flexible or fixed. 

Landi A, Marotta N, Mancarella C, Dugoni DE, Tarantino R, 

Delfini R. 360° fusion for realignment of high grade cervi-
cal kyphosis by one step surgery: Case report. World J Clin 
Cases 2014; 2(7): 289-292  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i7/289.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i7.289

INTRODUCTION
The treatment option for correcting a cervical kyphotic 
deformity is currently controversial. Lots of  studies 
examined the one/stage combined anterior-posterior 
treatment, although the rate of  fusion and the long 
term follow up controls are rarely mentioned in the lit-
erature[1-7]. We present the case of  a 67-year-old woman 
affected by a severe cervical kyphosis. We performed a 
one-step combined anterior/posterior approach to cor-
rect the deformity, getting a good reduction of  kyphosis 
and good stability in a long term follow up. We enclosed 
that the evidence of  motility by dynamic X-rays permits 
a good anterior decompression and reduction only by 
discectomy, fusion and plating, without need of  multiple 
corpectomy. Treatment must be completed with posterior 
fixation and fusion. These strategies could be performed 
in one step, and shows a good reduction and optimal 
stability in a long term follow-up. Immobilizing with hard 
collar and neurophysiological monitoring remains funda-
mental for the safe and efficacy of  this treatment.

CASE REPORT
A 67-year-old woman affected by a severe cervical ky-
photic deformity, came to our attention complaining 4 
mohistory of  bilateral cervicobrachialgia. She didn’t have 
any significant medical diseases; she denied to have ever 
suffered of  ankylosing spondylitis, osteogenesis imper-
fecta, rheumatoid arthritis or Larsen syndrome. 

Neurological examination showed moderate upper 
limbs weakness, confirmed by signs of  radicular suffering 
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on the ElectroMioGraphy (EMG). The patient performed 
standard and flexion/extension cervical spine X-ray dem-
onstrating a severe cervical kyphosis [preop. Ishihara index 
64.18% and (8) preop. Angle of  Jackson +62°] apparently 
fixed on the dynamic X-ray. Performed, then, cervical spine 
computed tomography (CT) and Magnetic Resonance Im-
aging showing important myeloradicular compression at 
C5-C6 and C4-C5.

The immediate preoperative exam that the patient 
had to perform was a cervical spine X-ray on the bed 
with a pillow under the shoulders in prevision to apply a 
traction system. This exam showed a good reduction of  
kyphosis (+23° according to Jackson) due to the motor 
unit C4-C5 mobility (Figure 1). It was therefore decided 
not to apply traction and to proceed with combined ante-
rior/posterior surgical approach using neurophysiological 
monitoring SomatoSensory evoked potentials (SSEP), 
EMG and motor evoked potentials (MEP).

The first surgical step was the anterior approach, 
with hyperextension of  the neck of  the patient. The 
reduction status of  the kyphosis was assessed under 
fluoroscopic visualization; patient underwent left anterior 
presternocleidomastoid-precarotid approach, anterior 

decompression through microdiscectomy C3-C4 and 
C4-C5, followed by interbody fusion using a carbon fi-
ber cage in lordosis and anterior plate fixed on C3-C4-
C5-C6. The second step was represented by the posterior 
approach, so the patient was placed in prone position. A 
C3/C6 posterior stabilization according to magerl was 
performed followed by posterolateral fusion at all levels. 
At the end of  the procedure a Philadelphia brace was ap-
plied. The postoperative CT and X-ray control (Figure 
2) and after 3 and 6 mo showed a good reduction of  ky-
phosis (postop. Ishihara index 32.38 % and postop angle 
of  Jackson + 19° with reduction of  kyphosis of  31.8% 
according to Ishihara and 43° according to Jackson ), and 
a good anterior and posterolateral arthrodesis (Figure 3). 
The patient presented a complete regression of  the upper 
limbs deficit and of  the cervicobrachialgia. Six months 
later the patient is symptoms free.

DISCUSSION
Cervical kyphosis can be classified into two different 
groups: type 1 (flexible cervical kyphosis) and type 2 
(fixed cervical kyphosis). The treatment for flexible cer-
vical kyphosis (type 1) posturally reducible is usually a 
posterior stabilization with fusion to guarantee the stabil-
ity of  the cervical spine[6,7]. Alternatively, some authors 
have reported the use of  anterior only surgery for flex-
ible cervical kyphosis as discectomy and corporectomy. 
This approach is useful for anterior column load sharing 
however it is not required for deformity correction. Fixed 
cervical kyphosis characterized by postural rigidity needs 
circumferential approach[8-10]. The circumferential ap-
proach for the correction of  cervical kyphotic deformity 
is well described in the literature although the long term 
controls are not always diriment on the real fusion of  
the correction[11,12]. The debate is not whether or not to 
perform circumferential correction, but if  it is more use-
ful to perform a multiple anterior discectomy or multiple 
corpectomy. In the literature it is described as the execu-
tion of  multiple discectomies has a greater potential for 
correction of  kyphosis in relation to: (1) a greater kypho-
sis correction due to the possibility of  including more 
lordotic cages at multiple levels, so to restore a greater 
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Figure 1  X-ray pictures. A: Standard X-ray demonstrating a severe cervical 
kyphosis (preop. Angle of Jackson + 62°); B: A cervical spine X-ray on the bed 
with a pillow under the shoulders showing a good reduction of kyphosis (+ 23° 
according to Jackson) due to the motor unit C4-C5 mobility.

Figure 2  The preoperative computed tomography. A: Scan control (preop. 
Angle of Jackson + 62°); B: Showing a good reduction of kyphosis (postop 
angle of Jackson + 19°). 

Figure 3  A postoperative X-ray control after 6 mo showing a good anterior 
and posterolateral arthrodesis.
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degree of  lordosis; and (2) a greater possibility of  fusion 
because of  a larger cage-bone interface compared with 
the use of  a Harms mesh or an expansion cage.

In cases of  multilevel cervical stenosis, the choice of  
surgical technique (discectomy vs corpectomy) mainly 
depends on the location of  the stenosis. In the case of  
a kyphotic deformity however, the choice depends on 
the mobility or less of  the bodies involved in the defor-
mity[10-16]. It is also important to note that such deformi-
ties occur slowly over the time and are frequently the 
product of  a degenerative process that affects the patient 
for many years: this include a wrong postural attitude that 
causes a compensatory hypertrophy of  the supporting 
muscles of  the neck, which may hide a metameric mobil-
ity of  kyphosis. In our case, in fact, the dynamic exam in 
the upright position showed that the kyphosis appeared 
fixed and cannot be reduced[10].

The X-ray performed in the bed with a pillow under 
the shoulder, allowed us to appreciate how such kypho-
sis was actually not fixed on two vertebrae. This made 
us choose a multiple discectomy and not corpectomy 
with consequent greater angular correction of  kyphosis. 
Another important aspect in the evaluation of  the mo-
tor unit motility is the reactive ankylosis of  the articular 
processes. In the severe kyphosis the fusion occurs both 
at the level of  the disc and of  the articular masses, thus 
preventing a good correction of  kyphosis after perform-
ing the anterior approach. When the articular masses are 
ankylotic it is necessary a 3-step surgery. The first step is 
represented by a posterior approach to release the anky-
lotic articular masses in order to allow the reduction of  
kyphosis. The second step is the anterior approach with 
discectomy, and the third step is represented by the pos-
terior approach again to fix and to make arthrodesis[17-20].

To this end, it is crucial to recognize accurately the 
real motility of  the vertebral body, and to do that it is 
important to perform a dynamic exam without load, to 
eliminate the reactive contracture of  the muscles sup-
porting the neck. Useful for this purpose is to perform 
radiographic examinations in supine position with sup-
ports placed at the base of  the neck which put the cer-
vical spine in hyperextension eliminating the analgesic 
muscle contracture. Another aspect to highlight is the use 
of  intraoperative neurophysiological monitoring, in par-
ticular SEPP and MEP; these allow a direct observation 
of  the function of  the spinal cord during the entire pro-
cedure. The neurophysiological monitoring is important 
especially during the correction of  the spinal deformities 
because, as these constituted and organized by time, may 
have led to spinal cord adaptations that may break with 
the correction maneuvers, resulting in severe neurological 
deficits. Their use avoid for such eventuality.

In a conclusion, we enclosed that the evidence of  
motility by dynamic X-rays permits a good anterior de-
compression and reduction only by discectomy, fusion 
and plating, without need of  multiple corpectomy. Treat-
ment have to be completed with posterior fixation and 
fusion. These strategies could be performed in one step, 

and shows a good reduction and optimal stability in a 
long term follow-up. Immobilizing with hard collar and 
neurophysiological monitoring remains fundamental for 
the safe and efficacy of  these treatment.

COMMENTS
Case characteristics
The patient complained a 4-mo history of bilateral cervicobrachialgia.
Clinical diagnosis
At the neurological examination the patient presented moderate upper limb 
weakness and severe cervical kyphotic deformity.
Differential diagnosis
Through radiological exams we put cervical kyphotic deformity due to degener-
ative process in differential diagnosis with neoplastic and infective pathologies.
Imaging diagnosis
The patient underwent computed tomography scan, magnetic resonance im-
aging and dynamic X-ray. The most important preoperative exam was X-ray 
performed in supine position with a pillow under the shoulder.
Pathological diagnosis
The patient suffered severe cervical kyphotic deformity.
Treatment
The authors performed combined anterior\posterior surgical approach using 
neurophysiological monitoring SomatoSensory Evoked Potentials, ElectroMioG-
raphy and Motor Evoked Potentials.
Related reports
The choice of surgical treatment depends on the mobility or less of the bodies 
involved in the deformity.
Term explanation 
Cervical kyphosis is a progressive deformity; circumferential approach means 
one step combined anterior/posterior approach.
Experiences and lessons
It is important to recognize the real motility of the vertebral body, and to do that 
it is necessary to perform a dynamic exam without load, to eliminate the reac-
tive contracture of the muscles supporting the neck.
Peer review
The author introduces an efficient surgical treatment for severe cervical spine 
deformity, and to improve the quality of life.
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Abstract
Focal epithelial hyperplasia (FEH), or Heck’s disease, is 
a rare disease of the oral mucosa; it is mostly found in 
children or young adults who are immunosuppressed 
and who live in regions with low socioeconomic status. 
It is characterized by asymptomatic papules on the 
oral mucosa, gingiva, tongue, and lips. Healing can be 
spontaneous, and treatment is indicated if there are 
aesthetic or functional complications. Human papil-
lomavirus, especially genotypes 13 and 32, has been 
associated with FEH and is detected in the majority 
of lesions. Histopathologically, FEH is characterized by 
parakeratosis, epithelial hyperplasia, focal acanthosis, 
and fusion and horizontal outgrowth of epithelial ridges. 

A 37-year-old male patient was referred to the Depart-
ment of Oral and Maxillofacial Sciences at the Sapienza 
University of Rome, complaining of numerous exophytic 
lesions in his mouth. He stated that the lesions were 
not painful but he had experienced occasional bleeding 
after incidental masticatory trauma. He had received 
no previous treatment for the oral lesions. His medical 
history revealed that he was human immuno-deficiency 

virus positive and was a smoker with numerous, as-
ymptomatic oral papules clinically and histologically cor-
responding to FEH. The labial and buccal mucosa were 
especially affected by lesions. Surgical treatment was 
performed using a 532-nm potassium titanyl phosphate 
laser (SmartLite, Deka, Florence, Italy) in continuous 
mode with a 300 μm fiber and power of 1.4 W (power 
density 1980.22 W/cm2). After anesthesia without va-
soconstrictors, the lesions were tractioned with sutures 
or an Allis clamp and then completely excised. The le-
sions were preserved in 10% formalin for histological 
examination, which confirmed the clinical diagnosis of 
FEH. In this case, the laser allowed excellent control of 
bleeding, without postoperative sutures, and optimal 
wound healing.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Lasers; Focal epithelial hyperplasia; Mouth; 
Human immunodeficiency virus; Oral pathology

Core tip: Focal epithelial hyperplasia (FEH), or Heck’s 
disease, is a rare disease of the oral mucosa, character-
ized by asymptomatic papules in the oral cavity. Human 
papillomaviruses have been associated with FEH and 
have been detected in the majority of lesions. Histo-
pathologically, FEH is characterized by parakeratosis, 
epithelial hyperplasia, and acanthosis. Here, the case of 
a 37-year-old male patient, human immuno-deficiency 
virus-positive, smoker, with numerous asymptomatic 
oral papules clinically and histologically corresponding 
to FEH is described. Surgical treatment was performed 
using a 532-nm potassium-titanyl-phosphate laser. In 
this case, the laser allowed excellent control of bleed-
ing without postoperative sutures and optimal wound 
healing.
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INTRODUCTION
Focal epithelial hyperplasia (FEH), or Heck’s disease, is 
an uncommon, benign disease of  the oral mucosa; it is 
mostly found in children and young adults. It has also 
been described in some Native American communi-
ties in North and South America, as well as in Eskimos 
of  Greenland[1,2]. FEH is characterized by numerous 
nodules or papules, usually painless, with sizes that vary 
from 1 mm to 1 cm, that are mainly found on the lips, 
buccal mucosa, tongue and palate[3]. Human papilloma-
virus (HPV) has been detected in the lesions with both 
electron microscopy and DNA testing[4,5]. The most fre-
quently involved viruses are HPV 13 and HPV 32[5]. The 
case of  a young HIV-positive adult affected by FEH is 
reported below.

CASE REPORT
An African male patient, 37-year-old, was referred to the 
Department of  Oral and Maxillofacial Sciences at the 
Sapienza University of  Rome, complaining about numer-
ous exophytic lesions in his mouth. He stated that the 
lesions were not painful but that he had experienced oc-
casional bleeding after incidental masticatory trauma. He 
had not received previous treatment for the oral lesions. 
His medical history revealed that he was human immuno-
deficiency virus (HIV)-positive. The diagnosis of  HIV 
was made 2 years previously. He was, at the time of  the 
visit, in treatment with lopinavir and ritonavir (Kaletra, 
Abbott Italy, Campoverde di Aprilia, Italy), emtricitabine 
and tenofovir (Truvada, Gilead, Foster City, CA, United 
States), and in prophylaxis with sulfamethoxazole and tri-
metoprim (Bactrim, Roche, Milan, Italy). He also smoked 
10 cigarettes per day, but he did not make use of  alco-
holic drinks.

According to the classification of  the Centers for Dis-
ease Control, he was classified as stage A3.

Extraoral examination did not reveal any signs of  oth-
er diseases. Intraoral examination showed the presence of  
17 sessile, soft, normochromic lesions in the oral cavity. 
The lesions were localized on the lower lip and the buccal 
mucosa, on both sides (Figure 1). After the examination, 
a diagnostic hypothesis of  FEH was assumed. Excisional 
biopsy was performed on one of  the lesions to confirm 
the diagnostic hypothesis. The biopsy was performed 
using a potassium-titanyl-phosphate (KTP) laser with a 
wavelength of  532 nm (SmartLite, Deka, Florence, Italy) 
in continuous mode with a 300 μm fiber, power 1.4 W 
(power density 1980.22 W/cm2). After anesthesia without 
vasoconstrictors (Mepivacaina Pierrel 30 mg/mL, Pier-
rel, Milan, Italy) the lesions were tractioned with sutures 
or an Allis clamp and then completely excised (Figure 2). 

The specimens were preserved in 10% buffered formalin 
for histological examination, which confirmed the clinical 
diagnosis of  FEH.

In this case, the laser allowed excellent control of  
bleeding, without postoperative sutures, and optimal 
wound healing. After the first excisional biopsy, all of  the 
lesions were surgically removed, in several steps, using the 
same operative approach. The patient was monitored with 
follow-up visits for one year, during which no recurrence 
of  the pathology was observed (Figure 3), and he was 
asked to return if  any lesions reappeared in the future.

DISCUSSION
FEH is a rare condition in Italy and Europe. Here, we 
describe the case of  an immunosuppressed African man 
with FEH. This pathology has been extensively described 
among native South and North American popula-
tions[1,6-8]. It seems that there could be a genetic predi-
lection for FEH, as cases seem to be limited to specific 
ethnic groups in certain geographic regions[1,6]. Ledesma-
Montes et al[7] suggested a series of  factors that could 
contribute to the development of  FEH: poverty, genetic 
predisposition (ethnic factors), and a deficient hygienic 
lifestyle. FEH lesions are most frequently localized on 
the buccal mucosa, lip, tongue, and commissures; the 
retromolar area, palate, and mouth floor are rarer local-
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Figure 1  Clinical aspect of the focal epithelial hyperplasia lesions on the 
lower lip mucosa.

Figure 2  Laser excisional biopsy of one of the lesions on the lower lip.



izations[7]. FEH must be included in differential diagnosis 
with several pathological conditions that can be observed 
in the oral cavity[8], namely, condylomata acuminata, ver-
rucous carcinoma, inflammatory fibrous hyperplasia, 
inflammatory papillary hyperplasia, and verruciform 
xanthoma[3]. Condyloma may appear similarly because it 
is caused by the same virus, but FEH lesions are more 
numerous and flatter, with typical localizations (buccal 
mucosa, lip and tongue)[9]. Verrucous carcinoma is a ma-
lign neoplasm that usually occurs in a different age group, 
usually in the sixth decade of  life, with epidemiological 
characteristics that are similar to other oral carcinomas[10]. 

The last three pathologies are reactive lesions that 
usually occur with an irritating stimulus[9]. The diagnosis 
of  FEH can be performed on the basis of  clinical ob-
servation and can be confirmed by histological examina-
tion[11-13]. 

The histological features of  this disease are para-
keratosis, acanthosis, elongation of  rete ridges, some 
of  which may be anastomosed (the so-called “bronze 
age battle-axe” appearance[14], and usually koilocytes, as 
well as other cellular modifications that can indicate vi-
ral infection[5,14]. Cells with nuclear degeneration, called 
mitosoid cells, can also appear[15]. FEH can be associated 
with HIV infection, although the relationship between 
these conditions has not yet been completely clarified[12]. 
Suppression of  the immune system leaves the patient 
vulnerable to opportunistic infections, including HPV 
infections[12].

There is no agreement in the literature on the poten-
tial malignant transformation of  FEH lesions in immuno-
compromised patients. Moerman et al[12] stated that FEH 
lesions may have a high risk of  malignant transformation 
in immunocompromised patients. Durso et al[13] tended to 
consider FEH a benign condition and stated that to date, 
no research has demonstrated the potential for malignant 
transformation of  FEH lesions with HPV 13 and 32 
subtypes. Only one case of  malignant transformation of  
FEH caused by HPV type 24 has been reported[16]. Fur-
ther studies are required to clarify this point.

Several therapeutic approaches have been proposed 
throughout the years. Some authors advise against re-

moving the lesions because spontaneous regression can 
be observed[17], especially in children. Steinhoff et al[18] 
successfully treated FEH with topical applications of  
interferon beta. Other described methods include scalpel 
surgery, electrocoagulation, electrodessication, cryosur-
gery, and laser surgery[19,20]. In this case, laser surgery 
allowed excellent control of  bleeding, without postopera-
tive sutures, and optimal wound healing. Moreover, histo-
logical analysis is always possible with laser surgery when 
the proper parameters and correct surgical technique are 
used[21].

COMMENTS
Case characteristics
A 37-year-old male with a history of human immuno-deficiency virus (HIV) infec-
tion presented with numerous asymptomatic lesions in the oral cavity. 
Clinical diagnosis
Seventeen sessile, soft, normochromic lesions on the lower lip and the buccal 
mucosa, on both sides. 
Differential diagnosis
Condylomata acuminata, verrucous carcinoma, inflammatory fibrous hyperpla-
sia, inflammatory papillary hyperplasia, verruciform xanthoma. 
Laboratory diagnosis
Cluster of differentiation 4 receptors (CD4) 129/μL; HIV RNA < 37 copies/mL; 
metabolic panel and coagulation within normal limits.
Pathological diagnosis
Histological examination revealed parakeratosis, acanthosis, presence of koilo-
cytes and mitosoid cells.
Treatment
Excisional biopsy with a 532-nm potassium titanyl phosphate (KTP) laser.
Related reports
Focal epithelial hyperplasia (FEH) can be associated with HIV infection, 
although the relationship between these two conditions has not yet been 
completely clarified; most likely, suppression of the immune system leaves the 
patient vulnerable to opportunistic infections, including HPV infections.
Term explanation 
KTP lasers are powerful tools for oral surgery and oral pathology, as are other 
types of lasers. 
Experiences and lessons
Oral lesions can be a manifestation of more complex systemic diseases; ad-
vanced surgical techniques can be useful tools in the management of multiple 
oral viral lesions.
Peer review
This paper is worthy of publication as an interesting case report of uncommon 
oral mucosa disease in HIV infected patient. Particularly, an information of ef-
ficiency of KTP laser surgery in treatment of Heck’s disease will be useful for 
clinicians.
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Figure 3  Clinical aspect of the healing after excision of the lesions on the 
lower lip, 1 yr after treatment.
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Abstract
Nasopharyngeal carcinoma is rare in western coun-
tries, accounting for less than 1% of all malignancies. 
Despite prognosis is satisfactory for newly diagnosed, 
non-metastatic disease, management of recurrent dis-
ease is challenging, with a survival expectancy of ap-
proximately 6 mo with the use of chemotherapy as the 
sole salvage treatment. We report a case of recurrent 
nasopharyngeal carcinoma treated with a combination 
of chemotherapy, radiotherapy and surgery in the con-
text of a multidisciplinary approach. A durable complete 
response was achieved.  

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cetuximab; Nasopharyngeal carcinoma; Re-
irradiation; Surgery of metastases; Undifferentiated

Core tip: Recurrent nasopharyngeal carcinoma requires 
multi-modality therapy based on radiotherapy, surgery 
and chemotherapy, with a careful evaluation of expect-
ed toxicity and patient's quality of life.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) accounts for less than 
1% of  all malignancies and is rare in western countries[1]. 
NPC is usually poorly differentiated and is diagnosed in 
young patients. The prognosis of  loco-regional disease 
is satisfactory, with a 5-year overall survival exceeding 
80%. Radiation alone is employed for stage Ⅰ-Ⅱ disease, 
while for locally advanced NPC the combination of  che-
motherapy and radiotherapy is the standard approach[1]. 
The advent of  new radiotherapy techniques, like intensity 
modulated radiotherapy (IMRT), has further improved 
prognosis of  newly diagnosed NPC patients and contrib-
uted to allow re-irradiation of  recurrent disease. On the 
other hand, management of  recurrent/metastatic disease 
remains challenging for medical and radiation oncolo-
gists. In addition to cisplatin-based chemotherapy, which 
is the standard systemic treatment for NPC[2], cetuximab 
may be in patients with NPC and squamous histology 
according to guidelines. Importantly, in undifferentiated 
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NPC, epithelial growth factor receptor is often overex-
pressed and k-RAS is never mutated, so cetuximab may 
provide benefit also in these patients[3]. We here report 
how multidisciplinary management coupled with recent 
advances in the field allowed us the obtain a durable com-
plete response in a patient with relapsing undifferentiated 
nasopharyngeal carcinoma.

CASE REPORT
In September 2009, a 59-year-old male patient was re-
ferred to our office for undifferentiated nasopharyngeal 
carcinoma. Histological diagnosis was made on fiberos-
copy-guided biopsy. A computed tomography (CT) scan 
showed a large lesion arising from the posterior wall of  
the nasopharynx and extending into the paranasal sinuses. 
The lesion infiltrated the clivus and the oropharynx, and 
bilateral laterocervical lymphnode metastases were de-
tected. Magnetic resonance imaging (MRI) confirmed CT 
findings (clinical stage, T4N3M0, IVa AJCC). 

A therapeutic strategy based on 3 cycles of  neoadju-
vant docetaxel, cisplatin and 5-fluorouracil followed by 
radiotherapy was pursed after written informed consent 
was obtained. Docetaxel and cisplatin were given at doses 
of  75 mg/m2 on day one and 5-Fluorouracil was admin-
istered at 750 mg/m2 daily via continuous infusion for 
four consecutive days every three weeks. In November 
2009, CT scan (Figure 1) showed partial response accord-
ing to RECIST criteria 1.1 (reduction greater than 50% in 
the sum of  the longest diameters of  target lesions). From 
December 2009 until February 2010, a combined cetux-
imab-RT treatment was delivered. Cetuximab was given 
at standard doses. A total dose of  70 Gy (2 Gy dose frac-

tions) on clinical target volume was delivered via 3D con-
formational radiotherapy. Toxicity mainly consisted of  
grade 2 cutaneous rash and grade 2 xerostomia, and did 
not lead to treatment interruption. Forty-five days after 
completion of  chemo-radiotherapy, a complete response 
was shown on CT scan (Figure 2) and on PET scan after 
60 d.

The patient remained free of  disease recurrence 
until May 2012, when CT scan showed loco-regional 
recurrence involving the nasopharynx, the left orbitary 
cavity and intraparotid lymph nodes on the left side of  
the head. Patient presented with visual disturbances and 
moderate pain. PET scan and cytology confirmed the 
nature and extension of  the recurrence. After multidis-
ciplinary consultation involving the medical oncologist, 
the radiation oncologist, the pathologist and the surgeon, 
we decided to use a combined strategy based on an neo-
adjuvant chemotherapy, followed by re-irradiation and a 
surgical evaluation of  residual disease.

Given the prolonged time to relapse, we deemed the 
disease to have preserved its sensitivity to taxanes and 
platinum compounds, so we delivered carboplatin (CB-
DCA) AUC 5 (area under curve) on day one every 3 wk, 
paclitaxel at the dose of  175 mg/m2 on day one every 
three weeks and standard doses of  weekly cetuximab. Ra-
diological and symptomatic improvement was obtained 
after three cycles. A CT scan showed disappearance of  
the nasopharyngeal lesion, shrinkage of  the lymphnode 
mass but no change of  the orbital lesion. Toxicity was 
low, with grade 1 skin rash the most relevant side effect. 
Re-irradiation was performed from the end of  August to 
the beginning of  October 2012 via helical IMRT, 18 FDG 
PET/CT based planning. A total dose of  66 Gy, deliv-
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Figure 1  A large lesion arising from the posterior wall of the 
nasopharynx and bilateral lymphnode metastasis were de-
tected in the parapharyngeal space (October 2009).

Figure 2  After neoadjuvant TPF followed by cetuximab-ra-
diotherapy, a complete response was obtained (March 2010).



ered in 30 daily fractions of  2.2 Gy, were administered to 
the site of  disease, with the exclusion of  the lymphnode 
mass in the neck, with disappearance (Figure 3) of  both 
the orbital lesion and the nasopharynx. After subsequent 
chemotherapy (three cycles of  CBDCA-Pac and cetux-
imab) CT scan showed that the only site of  persistent 
disease was the lymph node mass in the neck (Figure 4). 
Patient was scheduled for surgical removal of  parothyd 
and laterocervical Ⅱ, Ⅲ and Ⅳ neck levels. In June 2013, 
CT scan showed no sign of  residual disease. As of  Janu-
ary 2014, the patient is free of  disease. He complains of  
grade 2 chronic xerostomia due to radiotherapy, and a 
facial nerve paralysis due to the surgical intervention.

DISCUSSION
Locally advanced nasopharyngeal carcinoma can be suc-
cessfully managed by combination platinum-based che-
motherapy and radiotherapy[4]. Neo-adjuvant chemother-
apy is also a valuable option and is especially indicated in 
patients with large lesions and locally advance disease, in 
order to decrease the gross tumor volume[5]. Comibina-
tion of  taxanes and platinum compounds is highly active, 
not only in nasopharyngeal carcinomas but also in other 
clinical situations, such as head-neck carcinomas of  un-
known primary[6]. 

On the other hand, current management of  recur-
rent/metastatic disease is far from yielding satisfactory 
results, and the prognosis is grim. In addition to cisplatin-
based chemotherapy, cetuximab may also be employed 
in patients with NPC, as shown in some preliminary 
experiences[7]. Our case appears of  great interest not only 

because cetuximab appeared to improve the outcome at 
first presentation, but it appeared to have preserved its 
effectiveness at disease relapse. Cetuximab was well toler-
ated both at initial presentation and at recurrence. Ran-
domized controlled trials are required to assess efficacy 
of  cetuximab in nasopharyngeal carcinoma before it can 
be recommended in this setting.

Our case also highlights the importance of  a multidis-
ciplinary approach in all patients and especially in those 
with recurrent disease. The multidisciplinary approach is 
able to balance toxicity and efficacy associated to com-
bined use of  diversified treatments. In recurrent patients, 
the use of  chemotherapy as the sole salvage treatment 
is associated to a 6-mo prognosis[8-10]. With a multidisci-
plinary approach, we obtained a complete response, and 
our patient is free of  disease recurrence after more than 
6 mo and has an acceptable quality of  life. Doctor-doctor 
and patient-doctor communication was of  utmost impor-
tance for the management of  this case, which should set 
an example of  optimal integrated strategy of  recurrent 
nasopharyngeal carcinoma. 

COMMENTS
Case characteristics
Patient presented with recurrent nasopharyngeal carcinoma treated with che-
motherapy, biological therapy, radiation therapy and surgery. 
Clinical diagnosis
Patient was affected by a locally advanced nasopharyngeal tumor, which was 
shown to be undifferentiated carcinoma on biopsy
Differential diagnosis
Differential diagnosis included lymphoma and squamous carcinoma.
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Figure 3  Computed tomography scan showed an intraorbital le-
sion (May 2012).

Figure 4  Computed tomography scan showed that the only site 
of persistent disease was the lymph node mass in the neck (De-
cember 2012).
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Laboratory diagnosis
Patient had normal liver, bone marrow and kidney function at diagnosis and 
throughout treatment.
Imaging diagnosis
Patient had locally advanced disease at diagnosis, with a large lesion arising 
from the posterior wall of the nasopharynx and infiltrating the clivus and bilateral 
laterocervical lymphnode metastases. 
Pathological diagnosis
Patient was affected by undifferentiated nasopharyngeal carcinoma.
Treatment
After patient underwent treatment with docetaxel, cisplatin and 5-Fluorouracil 
and combined cetuximab-radiotherapy, he was  treated with carboplatin, pacli-
taxel and  cetuximab, followed by re-irradiation and surgery.
Term explanation 
Clinical target volume.
Experiences and lessons
Irradiation with cetuximab is advantageous when chemotherapy cannot be de-
livered.
Peer review
This paper is a useful clinical case in head and neck diseas.
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Abstract
Intravesical bacillus Calmette-Guerin (BCG) instillation 
has been adopted for the treatment of patients with 
superficial bladder cancer. Severe adverse events due 
to local instillation of BCG are uncommon, with an over-
all rate of serious complications of less than 5%. We 
report the case of an immunocompetent adult patient 
with multi-system effects, namely pneumonitis, granu-
lomatous hepatitis and meningitis, who responded well 
to standard treatment for Mycobacterium bovis.  This 
case highlights the importance of a thorough assess-
ment of this type of patient.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tuberculosis; Mycobacterium bovis ; Bladder 
cancer; Bacillus Calmette-Guerin

Core tip: Intravesical instillation of bacillus Calmette-
Guerin (BCG) is a therapeutic option in bladder cancer. 
Multi-system effects are a rare complication of this 
procedure, and certain aspects concerning its diagno-
sis and treatment are unclear. We report the case of a 
patient who developed effects on multiple organs after 
intravesical BCG instillations, and we review current 
knowledge concerning the diagnosis and management 
of BCG infection. 

Marquez-Batalla S, Fraile-Villarejo E, Belhassen-García M, Guti-
errez-Zubiaurre N, Cordero-Sánchez M. Disseminated infection 
due to Mycobacterium bovis after intravesical BCG instillation.
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INTRODUCTION
Intravesical administration of  bacillus Calmette-Guerin 
(BCG) is an essential tool in the treatment of  superficial 
bladder carcinoma in situ[1]. This approach is generally well 
tolerated, although it occasionally leads to severe local and/
or systemic complications[2]. The most serious complica-
tions of  intravesical BCG instillation are related to dissemi-
nated infection. When disseminated BCG infection occurs, 
antituberculous therapy with or without glucocorticoids 
should be administered. We report a case of  disseminated 
infection due to intravesical BCG instillations, resulting in 
pneumonitis, granulomatous hepatitis and meningitis.

CASE REPORT
We present the case of  a 64-year-old male patient with a 
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history of  urothelial vesical neoplasm, benign prostatic 
hyperplasia and chronic obstructive pulmonary disease. 
He was being treated with tamsulosin, tiotropium bro-
mide and salbutamol. Six months before, he had received 
six weekly doses of  intravesical BCG instillation as an in-
duction treatment, and one month before, he had started 
maintenance therapy with three doses per week. At the 
time of  presentation, he reported weakness, weight loss 
and a slight fever with three weeks of  evolution. Physical 
examination revealed hepatosplenomegaly. An analysis 
showed hepatic cholestasis (alkaline phosphatase 358 
U/L, gamma-glutamyl transpeptidase 306 U/L), lactate 
dehydrogenase (LDH) 547 U/L and C-reactive protein 
1.27 mg/dL. A complete blood count and urine sedi-
ment were normal. A thoracic X-ray showed multiple 
micronodular opacities. A thoraco-abdominal CT scan 
revealed a pulmonary micronodular pattern, hepatic gran-
ulomas and hepatosplenomegaly (Figures 1 and 2). Blood 
and urine cultures for bacteria were negative, as was a 
serological analysis (for HIV, HBV, HCV and Treponema 
pallidum). The urinalysis was positive for the species Myco-
bacterium tuberculosis, and Mycobacterium bovis (M. bovis) BCG 
grew with resistance to cycloserine and pyrazinamide. A 
genetic study detected the pnc A C169G (H57D) muta-
tion, and we identified the species as M. bovis. The patient 
started treatment with isoniazid, rifampicin and etham-

butol. After one week of  treatment, the patient showed 
dizziness and instability while standing still and walking. 
The cerebrospinal fluid (CSF) showed red blood cells 
4500/µL, leukocytes 16 µL (polymorphonuclear 25%, 
mononuclear 75%), proteins 82 mg/mL, glucose 67 mg/
mL (capillary glycemia 144 mg/dL), LDH: 35 IU/L and 
adenosine deaminase 5.6 U/L (0-5). Magnetic resonance 
imaging of  the brain (Figure 3) showed thickening and 
linear meningeal enhancement. Microbiological analysis 
of  the CSF was negative. Given the meningeal involve-
ment, anti-tuberculosis treatment was administered for 
one year, with good clinical and radiological responses.

DISCUSSION
The adverse effects of  intravesical BCG instillations 
can appear early or several years after the treatment. 
Although there are certain common local effects, such 
as cystitis (91%)[3] (this condition can be difficult to dif-
ferentiate from other urinary tract infections), systemic 
complications are rare. The frequency of  appearance 
ranges from 2.9% in cases with fever to 0.3% in cases 
with skin exanthema[4]. The most severe symptoms are 
pneumonitis, hepatitis, sepsis and pancytopenia. No dif-
ferences in the incidence of  complications were observed 
when comparing different BCG preparations or doses[5]. 
The spreading mechanism is not exhaustively known. 
Certain authors think that hematogenous spread occurs 
from the bladder[3], whereas others believe that the spread 
is due to a type IV hypersensitivity-related mechanism[6]. 
The response to glucocorticoids administered along with 
antituberculous drugs has also supported the notion of  
a hypersensitivity response. There are no established ef-
fective measures to prevent a disseminated infection with 
BCG[7], although the risk increases when instillations are 
temporally close to surgery or to traumatic catheteriza-
tion[8]. The genetic study of  the urine sample of  our 
patient allowed us to identify M. bovis and to confirm its 
classic resistance profile. Given the meningeal involve-
ment in the patient in our case, the treatment was extend-
ed for one year, with combination with corticoids in the 
first weeks.
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Figure 1  A thoracic computed tomography scan revealed a pulmonary 
micronodular pattern.

Figure 2  An abdominal computed tomography scan revealed hepatic 
granulomas and hepatosplenomegaly.

Figure 3  Magnetic resonance imaging showed thickening and linear men-
ingeal enhancement.



In conclusion, intravesical BCG instillation can induce 
disseminated infection. Molecular techniques can help 
in early diagnosis because a delay in management can be 
lethal. In our patient, standard triple therapy with steroids 
led to complete recovery. 

COMMENTS
Case characteristics
A 64-year-old male patient with an urothelial-vesical neoplasm treated by intra-
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blood count and urine sediment were normal. 
Imaging diagnosis
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Pathological diagnosis
A urinalysis was positive for Mycobacterium bovis.
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Anti-tuberculosis treatment was administered for one year.
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Abstract
We describe two cases of prosthetic joint infection (PJI) 
of the hip due to Salmonella. The first patient presented 
with an early infection 5 d after being discharged fol-
lowing a total hip replacement and the second patient 
presented at the emergency ward with a late infection, 
thirteen years following a total hip replacement. Both 
cases occurred within one month of each other at our 
institution and both were successfully treated with a 
one-stage revision. PJI caused by Salmonella  species is 
very rare: so far only 20 Salmonella  PJIs of the hip have 
been described. Therefore, full consensus on the best 
treatment approach has not yet been reached. An ag-
gressive two-stage approach is advised because of the 
virulence of Salmonella , although a limited number of 
successful one-stage approaches have been described 

as well. According to the latest guidelines, one-stage 
revision has comparable success rates and less morbidity 
compared to two-stage treatment, when selecting the 
right patients. In our opinion, PJI caused by Salmonella  
should be treated just as PJI caused by other bacteria, 
with consideration of the selection criteria as mentioned 
in several treatment guidelines. As illustrated by these 
two cases, one-stage revision can be successful in both 
early and late Salmonella  PJI of the hip.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Prosthetic joint infection (PJI) of the hip by 
Salmonella  species is rare. There is an ongoing debate 
whether treatment of prosthetic joint infection should 
consist of a one- or two-stage approach and also 
whether or not PJI caused by Salmonella  should be 
treated similarly to PJI caused by other bacteria. We re-
port two cases of Salmonella  PJI, one early and one late 
infection, successfully treated by one-stage revision. 
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stage revision in two cases of Salmonella prosthetic hip infection. 
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INTRODUCTION
Salmonella infections are usually associated with food 
consumption, specifically raw egg and related products, 
which account for at least one third of  all outbreaks in 
the United States[1]. In the Netherlands, a Salmonellosis 
incidence of  around 300/100000 is seen, mostly mani-
festing as gastroenteritis[2]. Although a general decline 
in human Salmonellosis has occurred in the last two 
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decades[1,2], because of  demographic changes, the excess 
mortality due to Salmonella infections was predicted to 
double in the next 50 years[3]. 

The same demographic changes, i.e. the relatively and 
absolutely growing elderly population, will account for an 
increase in the number of  total hip arthroplasties (THAs), 
and subsequently prosthetic joint infections (PJIs) of  
these hips[4]. PJI occurs in around 1%-2% of  all THAs[5], 
and is one of  the most severe and costly complications, 
usually requiring additional surgery, a prolonged hospital 
stay and administration of  antibiotic agents, and (tempo-
rary) decreased function and quality of  life[6,7].

PJI caused by Salmonella is nevertheless rare: only 28 
patients (30 joints) have been described in the literature, 
of  which 20 were prosthetic hip infections[8]. In the case 
of  Salmonella typhi, the most common serotype, the preva-
lence of  involvement of  the bones or joints is only 1% 
or even less[9]. A higher frequency of  Salmonella infections 
is seen in patients with sickle cell disease, systemic lupus 
erythematosus (SLE) and other immunocompromised 
states[5,10], and in children aged under five[3,11,12]. Most 
cases of  Salmonella joint infections are caused by hema-
togenous spread[5,13].

An aggressive approach with two-stage revision is ad-
vised in cases of  Salmonella PJI, because of  the bacterial 
virulence[8].

We describe two cases of  Salmonella prosthetic hip in-
fection, both occurring within one month of  each other, 
treated with one-stage revision.

CASE REPORT
Case 1
A 68-year-old female patient visited our outpatient clinic 
for severe osteoarthritis of  the right hip. Her medical 
history further included clubfoot correction in her early 
youth, pneumonectomy for carcinoid tumor, hypophysec-
tomy after pituitary adenoma, hypertension, renal failure 
grade 3, heart failure grade 3, atrial flutter and a stroke. 
She was using anticoagulants (acenocoumarol) and ste-
roids (hydrocortisone) among other medication. She also 
mentioned an allergy for cephalosporins. In accord with 
the patient THA was planned.

Four days prior to surgery, her anticoagulants were 
replaced by therapeutic low molecular weight heparins 
(LMWH, nadroparin 5700 IE two times daily). Peri-
operatively, prophylactic clindamycin was administered. A 
non-cemented Trident cup with polyethylene insert (Tri-
dent system, Stryker Orthopaedics, Mahwah, New Jersey, 
United States) and a cemented Exeter stem (Exeter Total 
Hip system, Stryker Orthopaedics, Mahwah, New Jersey, 
United States) using Simplex P bone cement with Tobra-
mycin (1 g tobramycin, Stryker Orthopaedics, Mahwah, 
New Jersey, United States) were implanted. 

After an uncomplicated rehabilitation course of  5 d 
the patient was discharged. However, she was readmitted 
at her local hospital just 2 d later, with anemia (hemoglo-
bin of  4.1 mmol/L, reference value 7.5-10.0 mmol/L). 
She was given 2 units of  packed red blood cells (PRBC) 

and was transferred to our center.
Due to a sudden onset of  right flank pain and el-

evated liver enzymes, an abdominal computed tomog-
raphy was performed, which revealed a retroperitoneal 
hematoma, possibly with ongoing bleeding. Administra-
tion of  nadroparin was discontinued, the patient received 
another 4 units of  PRBC and after fluid resuscitation her 
hemodynamic status remained stable. 

Gram staining of  joint aspirate and superficial wound 
cultures revealed gram negative rods, while blood param-
eters showed a C-reactive protein (CRP of  334 mg/L 
(reference value < 8 mg/L). DAIR (debridement, antibi-
otics, irrigation and retention) was performed soon after. 
Intra-operatively 5 cultures were gathered, the insert and 
prosthetic head were exchanged, and 3 resorbable genta-
micin sponges (130 mg gentamicin per sponge; Garacol, 
EUSA Pharma, Oxford, United Kingdom) were left in 
the surgical area. Afterwards, intravenous ciprofloxacin 
was started at 400 mg 3 times daily combined with intra-
venous vancomycin 1000 mg once daily.

After one week the cultures taken intra-operatively 
yielded Group E Salmonella species. At that moment the 
vancomycine was stopped while intravenous ciprofloxa-
cine was continued for another week. This was followed 
by 4 wk of  750 mg ciprofloxacine orally twice a day. 
Then, due to her existing renal failure, the dosage of  cip-
rofloxacine was lowered to 500 mg twice a day for one 
week and 500mg once a day for yet another week.

Due to sanguinous wound drainage, the dosage of  
nadroparin was changed to the prophylactic dosage (0.3 
mL = 2850 IE, once a day). Because of  the continuing 
wound drainage and increasing CRP from 119 to 147 
mg/L, it was decided to proceed with a one-stage revi-
sion, nearly two months after the initial arthroplasty. 

Intra-operatively, all components and cement were 
removed and the wound was thoroughly debrided and ir-
rigated. Subsequently the medullary canal was reamed and 
an uncemented Restoration Modular stem (Restoration 
Modular System, Stryker Orthopaedics, Mahwah, New 
Jersey, United States) and Trident cup were inserted. Anti-
biotic treatment was continued with ciprofloxacin, accord-
ing to the antibiogram from the cultures taken previously.

A subsequent debridement, antibiotics and implant 
retention (DAIR) procedure was performed because of  
persistent leakage, which appeared to be due to a fracture 
of  the proximal femur around the stable stem. After wir-
ing of  this fracture and after exchanging the insert and 
prosthetic head of  THA again, the patient recovered 
quickly and wound leakage cessated.

The 5 cultures taken during the one-stage revision, as 
well as the 2 cultures from the second DAIR procedure, 
all taken during antibiotic treatment, turned out negative. 
After the second DAIR procedure oral ciprofloxacin dose 
was administered at 750 mg 2 times daily again. After 5 
wk this was lowered back to 500 mg once a day (because 
of  the renal failure).

At the first follow up, two months since the one-
stage revision, the patient was walking with a walker. The 
wound still showed a little redness, but CRP had declined 
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to 26 mg/L and erythrocyte sedimentation rate (ESR) 
was 43 mm/h (reference value < 20 mm/h). 

At 5 mo follow-up, antibiotic treatment was stopped, 
the wound showed no signs of  infection and ESR had 
normalized. 

Case 2
A 59-year-old man presented at the emergency depart-
ment with pain in the right groin since four days, along 
with a progressive fever and nausea. At the age 16 he un-
derwent screw osteosynthesis, because of  epiphysiolysis 
capitis femoris, which was followed by THA in 1999 at 
the age of  46. No other comorbidities were present. 

On physical examination of  the hip the patient 
showed a painless function of  100 degrees flexion, 0 de-
grees extension, 20 degrees endorotation, and 30 degrees 
exorotation. Pressure in the groin was painful, however. 
The psoas sign was negative. 

Additional blood tests showed a C-reactive protein of  
193 mg/L and ESR 23 mm/h. On X-ray the prosthetic 
head appeared not to be centered (sign of  polyethylene 
wear), though there were no signs of  loosening of  the 
prosthesis. Ultrasound of  the groin revealed a 5.5 cm × 
7.5 cm abscess. Aspiration produced some drops of  pus, 
along with serosanguinous synovial fluid. After culturing 
the aspirated fluid revealed Salmonella enteritidis.

Antibiotic treatment was postponed until after intra-
operative cultures could be taken, as the patient was not 
septic.

Six days after admission the patient underwent a 
one-stage revision. The decision to proceed with a one-
stage revision rather than performing a DAIR procedure, 
was made intra-operatively, when osteolytic lesions were 
found around the femoral stem. A Trident cup and Om-
nifit stem (Omnifit system, Stryker Orthopaedics, Mah-
wah, New Jersey, United States) were inserted. Ciproflox-
acin was started at 400 mg intravenously three times daily. 

After the operation, CRP declined to 49 mg/L (from 
245 mg/L at the day of  operation) and the incision 
showed no redness or wound drainage. All 5 cultures 
obtained intra-operatively showed Salmonella enteridis. The 
patient was discharged with a regimen of  oral ciprofloxa-
cin (750 mg twice a day) after having received ciprofloxa-
cin intravenously for 8 d.

At follow up, two weeks after discontinuing the an-
tibiotic treatment (3 mo regime in total) and a total of  3 
mo after discharge, the patient had no infectious signs or 
symptoms. Blood results showed a CRP of  5 mg/L, and 
an ESR of  9 mm/h. At 6 mo follow up the clinical and 
radiological findings were normal.

DISCUSSION
PJIs are a severe complication seen in 1%-2% of  cases 
after arthroplasty, causing additional costs and morbidity, 
including serious impairment in quality of  life for the pa-
tient[7]. PJI due to Salmonella is especially uncommon. 

Although most patients having a Salmonella infection 
are suffering from gastro-intestinal complaints, in the 

presented cases no overt gastro-intestinal symptoms were 
present (one patient presented only with mild nausea), 
indicating that PJI by Salmonella can occur without gen-
eral gastro-intestinal complaints as has been previously 
stated[12]. 

Even though our cases presented within the same 
month, the course of  infection was different. In the first 
case, symptoms occurred only 2 wk after initial THA, 
classifying this as an early infection[14,15] suggesting intra-
operative contamination, although Salmonella usually 
spreads via the hematogenous route[16]. Another possibil-
ity is a carrier state of  Salmonella species, however, we did 
not take fecal cultures to rule this out. Hematogenous 
spread in the early postoperative phase, although unlikely, 
is of  course also possible. 

The second PJI would be classified as a late infec-
tion[14,15] occurring 13 years after initial surgery. 

When comparing this with other case-reports, there 
seems to be no outspoken trend in time since THA be-
fore infection: out of  the 20 cases of  Salmonella PJI in 
THA, 9 were late (> 24 mo) [11,14,17-22], 5 were delayed (3-24 
mo)[23-26] and 5 were early infections (< 3 mo)[10,15,17,27]. In 
one case time until infection was not specified[28].

In bone infections the most encountered serotypes 
of  Salmonella are S. typhimurium (group D) and S. enteritidis 
(group B)[15]. In the first case PJI was caused by group E 
Salmonella, which has not been reported before. The other 
patient’s culture turned out to be the more common 
Salmonella enteritidis, reported previously in 5 PJIs of  the 
hip[8,11,20,23,28] and in 6 PJIs of  the knee[8,10,23,29-31].

For both our patients, the original treatment plan was 
to perform a DAIR procedure. In the first patient how-
ever, DAIR treatment failed, and a one-stage revision was 
performed. 

During surgery in the second patient we proceeded 
with a one-stage revision rather than a DAIR procedure 
because of  the encountered osteolysis. Because of  good 
previous experiences by the surgeon, we opted for a one-
stage revision rather than a two-stage revision. Only one 
case treated with a one-stage revision has been described 
before. In that case it was performed instead of  the pre-
ferred two-stage procedure, because of  the patient’s co-
morbidity[11].

In 2004, Zimmerli et al[15] already set ground rules for 
choosing between retention or resection of  the prosthe-
sis. This choice is based on duration of  symptoms, (ab-
sence of) prosthetic loosening, tissue status and bacterial 
susceptibility. 

In a recent systematic review by Leonard et al[32], 
functional outcome and reinfection rates were compared 
between one- and two-stage revision for PJI of  the hip. 
There seems to be a trend toward better functional out-
come in single-stage surgery, whereas reinfection rates 
turn out to be comparable between the two approaches. 
Besides this, a two-stage revision is associated with a 
significantly higher morbidity and mortality, and tissue 
changes associated with a period without a hip implant 
can lead to important functional deficits after reimplanta-
tion[32].
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Furthermore, if  the selection criteria, mentioned by 
Zimmerli et al[15] and by multiple other articles as summa-
rized in the infectious diseases society of  America (IDSA) 
guidelines[14], are strictly followed, retention and debride-
ment and one-stage revision have high success rates, with 
less morbidity, in selected patients.

Nevertheless, despite commonly accepted directives 
and reported good results of  one-stage revision in gen-
eral PJI, both Tóth et al[11] and De la Torre et al[8] advocate 
a two-stage approach in patients with a Salmonella PJI. 

De la Torre et al[8] propagate the aggressive treatment 
approach, because the virulence of  Salmonella infections, 
difficulty in re-revision, and results of  debridement pro-
cedures (based on a meta-analysis of  studies published 
between 1977 and 1999)[8,33]. The virulence of  Salmonella 
infections will generally cause a quick onset of  symp-
toms. This means patients will present with symptoms 
quickly, and treatment can be started early (surgically 
and medically). If  the bacterium has good susceptibility, 
a high cure rate can be expected, just like the guidelines 
propagate (Osmon 2013)[14]. 

In a recent study by Papavasileiou et al[34], the antimi-
crobial resistance of  Salmonella enteritidis was compared 
between the planktonic form and the biofilm form in 
multiple antibiotics[34]. It appeared that the best results 
were obtained with ciprofloxacin and moxifloxacin[34]. 
None of  the previously described case-reports in 
which ciprofloxacin was used reported recurrence of  
PJI[11,23,29,30,35]. This includes the one case treated with a 
one-stage revision[11].

So far neither of  our patients, both treated with a 
one-stage approach and ciprofloxacin, show signs of  
reinfection. However, the first patient had undergone 
a DAIR procedure prior to, and after the one-stage ap-
proach, which might have influenced the outcome in a 
positive way: the IDSA guidelines describe that the thor-
oughness of  debridement positively affects the success 
rate of  a single stage surgery[14], and in our opinion, this 
might be true for multiple debridements as well.

In conclusion, good results can be achieved with one-
stage revision, taking into consideration the guidelines for 
selecting the right patients[14,15], in combination with the 
use of  appropriate antibiotics with a good activity against 
the causative micro-organism. One-stage revision is, in 
selected cases, a better alternative than the two-stage ap-
proach, causing less morbidity, less mortality and a much 
smaller burden of  disease for the patient. In our opinion, 
Salmonella PJI could and should be treated as other bac-
terial PJIs, depending on the factors mentioned in the 
guidelines, and therefore one-stage revision could also be 
performed more often in these particular cases.

COMMENTS
Case characteristics
Case 1: A 68-year-old female with a history of severe osteoarthritis of the right 
hip was readmitted with anemia 5 d after right total hip arthroplasty; Case 2: A 
59-year-old male with a history of total hip arthroplasty presented at the emer-
gency department with pain in the right groin.

Clinical diagnosis
Case 1:  Anemia and sudden onset of right flank pain shortly after right total hip 
arthroplasty; Case 2: Mildly declined function of the hip, painful pressure in the 
groin, along with fever and nausea. 
Differential diagnosis
Case 1: Post-operative bleeding, periprosthetic joint infection, loosening of the 
prosthesis, periprosthetic fissure or fracture, total hip arthroplasty (THA) dislo-
cation, intraabdominal pathology; Case 2: Periprosthetic joint infection, loosen-
ing of the prosthesis, THA dislocation, heterotopic ossification, hernia inguinalis 
Laboratory diagnosis
Case 1: Hemoglobin 4.1 mmol/L; C-reactive protein (CRP) 334 mg/L; elevated 
liver enzymes; Case 2: CRP 193 mg/L; erythrocyte sedimentation rate 23 mm/h.
Imaging diagnosis
Case 1: Computed tomography revealed a retroperitoneal hematoma; Case 
2: On X-ray the prosthetic head appeared not to be centered, without signs of 
loosening of the prosthesis, while an ultrasound of the groin revealed a 5.5 cm 
× 7.5 cm abscess. 
Pathological diagnosis
Case 1: Intraoperatively taken cultures yielded group E Salmonella species; 
Case 2: Joint aspiration fluid revealed Salmonella enteritidis.
Treatment
Case 1: After one failed debridement, antibiotics and implant retention-
procedure, one-stage revision was performed followed by ciprofloxacin; Case 
2: Because of encountered osteolysis the patient was treated with a one-stage 
revision, followed by ciprofolxacin. 
Related reports
There is an ongoing debate whether prosthetic joint infection of the hip is best 
treated by one- or two-stage revision surgery, but also whether Salmonella in-
fections should be treated similarly to periprosthetic joint infections due to other 
bacteria. 
Experiences and lessons
This case report illustrates that one-stage revision of periprosthetic joint infec-
tions of the hip can be a successful treatment even when infection is due to 
Salmonella species. 
Peer review
This is a report of two case with a prosthetic joint infection cause by Salmonella 
treated with one-stage revision. The paper is very well presented with a clear 
message.
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Abstract
Esophageal atresia with tracheo-oesophageal fistula 
(TEF) occurs in 1 in 3500 live births. Anorectal mal-
formation is found to be associated with 14% of TEF. 
Esophageal atresia with TEF is a congenital anomaly 
which classically presents as excessive frothing from the 
mouth and respiratory distress. Rarely gastric position 
of the feeding tube in a case of TEF can be obtained 
delaying the diagnosis of TEF. We had an uncom-
mon situation where a nasogastric tube reached the 
stomach through the trachea and tracheo-esophageal 
fistula, leading to misdiagnosis in a case of esophageal 
atresia with tracheoesophageal fistula. By using a stiff 
rubber catheter instead of a soft feeding tube for the 
diagnosis of esophageal atresia and TEF, such situation 
can be avoided.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal atresia; Tracheoesophageal 

fistula; Nasogastric tube; Red rubber catheter; Misdiag-
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Core tip: Esophageal atresia with tracheoesophageal 
fistula is congenital anomaly which presents as exces-
sive froathing from mouth and respiratory distress. It 
can be suspected when a nasogastric tube difficult to 
insert into stomach or radiographically presence coiled 
nasogastric tube in pharynx. We had an uncommon sit-
uation where a nasogastric tube reached the stomach 
through the trachea and tracheo-esophageal fistula, 
leading to misdiagnosis in a case of esophageal atresia 
with tracheoesophageal fistula. Similar clinical situations 
can be avoided by using a stiff rubber catheter instead 
of a soft feeding tube for the diagnosis of esophageal 
atresia and tracheo-oesophageal fistula.

Kamble RS, Gupta R, Gupta A, Kothari P, Dikshit KV, Kesan 
K, Mudkhedkar K. Passage of nasogastric tube through tracheo-
esophageal fistula into stomach: A rare event. World J Clin 
Cases 2014; 2(7): 309-310  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i7/309.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i7.309

INTRODUCTION
Esophageal atresia with tracheooesophageal fistula (TEF) 
is a congenital anomaly which classically presents as ex-
cessive frothing from the mouth and respiratory distress. 
It is diagnosed by inability to pass a catheter into the 
stomach which usually gets stuck at 10 to 12 cm from 
the mouth. We had an uncommon situation where a na-
sogastric tube reached the stomach through the trachea 
and tracheo-esophageal fistula, leading to misdiagnosis 
in a case of  esophageal atresia with tracheooesophageal 
fistula.
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CASE REPORT
A one day old, full term, male child (2.7 kg) was referred 
from a peripheral Hospital as a case of  imperforate anus 
with cleft lip and palate. At the peripheral hospital a 7 Fr 
nasogastric tube was inserted which had bilious aspirate. 
A chest X-ray showed the nasogastric tube in the stom-
ach (Figure 1A). The baby had excessive oral secretions 
and bilateral chest crepitations along with cleft lip and 
palate. Prone crosstable X-ray was suggestive of  high 
anorectal malformation. The patient was taken for divert-
ing colostomy.

During intubation the anesthetist noticed that the na-
sogastric tube was passing through the trachea. Findings 
were reconfirmed by laryngoscopy and laryngotracheo-
esophagial cleft was ruled out. We tried to pass a number 
10 stiff  red rubber catheter through esophagus but were 
unable to pass beyond 10 cm. A diagnosis of  esophageal 
atresia (EA) with tracheooesophageal fistula (TEF) was 
suspected and X-ray chest was repeated with the red rub-
ber catheter in situ which confirmed the diagnosis (Figure 
1B). Right posterolateral thoracotomy was done. The 
patient had tracheoesophageal fistula type Ⅲ with a Wide 
fistula, short upper pouch and a long gap. The fistula was 
ligated and a Left sided cervical oseophagostomy with 
feeding gastrostomy was done. Transverse colostomy was 
done for imperforate anus.

The baby was shifted on ventilator and was success-
fully weaned off  at post operative day 5. The baby is now 
4 mo old and is doing well on follow up. He is await-
ing definitive management for anorectal malformation, 
esophageal replacement, cleft lip and cleft palate repair. 

DISCUSSION
Esophageal atresia with TEF occurs in 1 in 3500 live 
births[1]. Anorectal malformation is found to be associ-
ated with 14% of  TEF[1]. TEF classically presents as 
excessive frothing from the mouth and regurgitation, 
choking and coughing after feed. There is a routine prac-

tice of  passing a 5Fr or 6Fr infant feeding tube through 
the nose in patients of  imperforate anus to decompress 
the obstructed intestinal tract and also to rule out associ-
ated esophageal atresia. If  the radiograph shows a coiled 
catheter in the upper esophageal pouch one can suspect 
esophageal atresia.

Rarely gastric position of  the feeding tube in a case of  
TEF can be obtained delaying the diagnosis of  TEF[2,3]. 
In this case we did not suspect an esophageal atresia as 
the patient came with the IFT in the stomach with bilious 
aspirate and this had been confirmed radio graphically. 
The feeding tube could reach the stomach from the up-
per pouch then into the tracheal route and then through 
the TEF. A peculiar pathological anatomy and a weak 
cough reflex made this occurrence possible. Only three 
such cases have been reported so far in literature[2,3]. If  
an esophageal atresia is suspected on clinical grounds 
the ideal test would be to pass a stiff  red rubber catheter 
through the mouth and note the resistance. Radiographs 
should be taken with a red rubber catheter in situ which 
will show the position of  the catheter tip. Barium esopha-
gography is not usually advised due to the risk of  aspira-
tion pneumonitis. Instead a small amount of  air can be 
used as contrast[1].

In a conclusion, all neonates with excessive frothing 
and respiratory distress should be evaluated for TEF. 
Similar clinical situations can be avoided by using a stiff  
rubber catheter instead of  a soft feeding tube for the di-
agnosis of  EA and TEF.
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Abstract
We investigated the sebaceous gland metaplasia (SGM) 
of the esophagus and clarified the evidence of misdi-
agnosis and its diagnosis pitfall. Cases of pathologi-
cally proven SGM were enrolled in the clinical analysis 
and reviewed description of endoscope. In the current 
study, we demonstrated that SGM is very rare esopha-
geal condition with an incidence around 0.00465% and 
an occurrence rate of 0.41 per year. There were 57.1% 
of senior endoscopists identified 8 episodes of SGM. In 
contrast, 7.7% of junior endoscopists identified SGM in 
only 2 episodes. Moreover, we investigated the differ-
ence in endoscopic biopsy attempt rate between the 
senior and junior endoscopist (P  = 0.0001). The senior 
endoscopists had more motivation to look for SGM than 
did junior endoscopists (P  = 0.01). We concluded that 
SGM of the esophagus is rare condition that is eas-
ily and not recognized in endoscopy studies omitting 

pathological review.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophagus; Sebaceous gland; Metaplasia; 
Endoscopy; Endoscopist

Core tip: Cases of pathologically proven sebaceous 
gland metaplasia (SGM) of the esophagus were en-
rolled in the clinical analysis and reviewed the descrip-
tion of endoscope. It is very rare esophageal condition 
with an incidence around 0.00465% and an occurrence 
rate of 0.41 per year. There are 57.1% of senior en-
doscopists identified 8 episodes of SGM and 7.7% of 
junior endoscopists identified SGM in only 2 episodes. 
The senior endoscopist had more motivation to look for 
SGM than did junior endoscopists. We concluded SGM 
of the esophagus is rare condition that is easily and not 
recognized in endoscopy studies omitting pathological 
review.

Chiu KW, Wu CK, Lu LS, Eng HL, Chiou SS. Diagnostic pitfall 
of sebaceous gland metaplasia of the esophagus. World J Clin 
Cases 2014; 2(7): 311-315  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i7/311.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i7.311

INTRODUCTION
Sebaceous gland metaplasia (SGM) tends to be found 
incidentally during autopsy or esophageal resection[1,2]. 
From the point of  differential diagnosis of  esophageal 
lesions, SGM becomes of  scientific interest during endo-
scopic studies. Endoscopists should take the first look at 
unusual lesions[3]. Although several reports have attempt-
ed to determine whether SGM is the result of  a metaplas-
tic process or a congenital anomaly, histological examina-
tion of  endoscopic biopsies is traditionally used to make 
a pathological diagnosis in clinical practice[2]. Biopsied tis-
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sues can be taken for histological and marker studies of  
SGM[4,5]. Due to the benign nature of  SGM-containing 
endoscopic readings[6], the diagnosis is commonly missed 
when tissue biopsies are not reviewed. Therefore, the aim 
of  this study was to clarify the incidence of  SGM and 
identify the hallmarks of  SGM in endoscopic review. 

CASE REPORT
Method
From January 1, 1998 to June 30, 2012, a total of  215046 
patients underwent endoscopic procedures with 35302 
tissue biopsies taken by 33 endoscopists in the endoscopy 
unit of  Kaohsiung Chang Memorial Hospital. The en-
doscopic procedures included 864 esophagoscopiesand 
214182 gastroscopies (include 650 nasoendoscopies). 
Cases of  endoscopic ultrasound of  the upper gastrointes-
tinal tract, endoscopic retrograde cholangiopancreatog-
raphy, and double-balloon enteroscopy via an oral route 
were excluded from this study. The cases of  pathologi-
cally proven SGM were enrolled in the clinical analysis 
and the endoscopic characteristics were reviewed. 

By definition, an endoscopist with more than 20 years 
of  experience was defined as a senior endoscopist, while 
an endoscopist with less than 20 years of  experience was 
defined as a junior endoscopist. Accordingly, 7 senior and 
26 junior endoscopists were identified. The senior endos-
copists performed 110022 (51.2%) endoscopic studies 
and 16012 (14.5%) endoscopic biopsies, and the junior 

endoscopists performed 105046 (48.8%) endoscopic 
studies and 19290 (18.4%) endoscopic biopsies. Histo-
logical examinations of  the endoscopic biopsies were 
performed by an experienced pathologist.

Statistical analyses were performed using SPSS soft-
ware (version 12.0; SPSS, Chicago, IL, United States). 
Comparisons of  the endoscopic biopsy parameters and 
SGM frequency between the senior and junior endosco-
pists were performed using the χ 2 test and Fisher’s exact 
test. P values less than 0.05 were considered statistically 
significant.

Results
Among the 215046 endoscopic studies performed dur-
ing the study period, there were 6 cases of  pathologi-
cally documented SGM in 10 endoscopic studies (Table 
1). The incidence and occurrence rates were 0.00465% 
was 0.41 per year, respectively. The male to female ratio 
was 3:1, and the mean age was 57.6 years (range 46-71 
years). Four of  the 6 cases with SGM came from a health 
screening center, and the other 2 came from outpatient 
clinics. All of  the cases had numerous tiny yellowish 
lesions with histopathological examination identified 
heterotopic sebaceous gland located in the middle-lower 
esophagus (Figure 1). 

The primary endoscopic impression was xanthoma 
(by senior 1, 2 and 3) in 3 cases, candidiasis (by junior 2 
and senior 3) in 2 cases, papilloma (by senior 2 and senior 
4) in 2 cases, and a negative description (by junior 1) in 1 
case (Table 1). No cases of  SGM were recognized by the 
senior endoscopists 1, 2, 3 and 4 or junior endoscopists 1 
and 2 in the primary endoscopic study, and no cases (0/3) 
of  SGM were recognized by senior endoscopists 2 or 4 
or junior endoscopist 1 in the secondary endoscopic im-
pression without tissue pathology review (Table 1). The 
rate improved after pathological review, there was a 100% 
(2/2) positive diagnosis experienced in the case 2 and 
case 3 in the primary endoscopic impression by senior 1, 
and only 3.03% (1/33) of  our endoscopists did it. 

Among the 6 pathologically confirmed cases of  SGM, 
5 were diagnosed in the first endoscopic study by tissue 
biopsy, while the sixth case was diagnosed in the second 
endoscopic study by tissue biopsy (Table 1). Among the 
7 senior endoscopists who performed 110022 (51.2%) 
endoscopies, 16012 (14.5%) endoscopic biopsies were 
performed, an average of  2287 biopsies per senior en-
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  Case Sex Age 1st visit Source Symptom 1st ESP 1st End. Dx Biopsy Review 2nd ESP 2nd End. Dx Biopsy Review

  1 M 46 1998 Outpatient Peptic Senior 1 Xanthoma SGM +
  2 M 71 1999 Health screen Denied Senior 1 SGM SGM +
  3 M 60 2002 Outpatient Peptic Senior 1 SGM SGM + Senior 2 Xanthoma - -
  4 M 65 2002 Health screen Denied Senior 2 Papilloma SGM - Senior 4 Papilloma - -
  5 F 49 2008 Health screen Denied Junior 2 Candidiasis SGM - Junior 1 Negative - -
  6 F 55 2012 Health screen Denied Senior 3 Candidiasis - - Senior 3 Xanthoma SGM +

Table 1  The clinical profile, pre-biopsy diagnosis, biopsy diagnosis, and pathological review of the 6 cases of sebaceous gland 
metaplasia

ESP: Endoscopist; End. Dx: Endoscopic diagnosis; Review: Pathological review; SGM: Sebaceous gland metaplasia.

Figure 1  Sebaceous gland metaplasia in the esophagus. Numerous tiny 
round yellowish lesions clustering distribution at the submucosa of the middle 
and lower esophagus.



doscopist and 4 (57.1%) cases diagnosed of  SGM in 
8 episodes by senior 1 of  3 times, senior 2 of  2 times, 
senior 3 of  2 times, and senior 4 in 1 time. In contrast, 
of  the 105024 (48.8%) endoscopies performed by 26 
junior endoscopists, 19290 (18.4%) endoscopic biopsies 
were performed, an average of  741.9 biopsies per junior 
endoscopists, and identified-2 (7.7%)cases SGM in only 
2 episodes by junior 1 and junior 2 respectively. Signifi-
cantly fewer endoscopic biopsies were performed by the 
senior endoscopists than by the junior endoscopists (P 
= 0.0001), and significantly more cases of  HSGM were 
identified by senior endoscopists than by junior endosco-
pists (P = 0.01) (Table 2). 

Endoscopic biopsy showed multiple light yellow 
plaques 2-5 mm in diameter with clustering distribution 
that embedded the surface of  the esophagus (Figure 1). 
In 100% (6/6) of  cases, sebaceous glands were located 
at the lower to middle esophagus. Pathological analysis 
revealed stratified squamous epithelium with lobules of  
sebaceous glands abutting the lower epithelium. No as-
sociated polymorphic nuclear or cellular infiltration was 
noted (Figure 2).

DISCUSSION
The present study demonstrated that SGM is a very rare 
esophageal condition with an incidence around 0.00465% 
and an occurrence rate of  0.41 per year. There was no 
doubt of  the pathological diagnosis of  SGM[7,8], but en-
doscopic biopsy should make an important impact on the 
incidence of  SGM. In the real world, endoscopic biopsy 
is performed by endoscopists for 2 possible reasons: a 
suspected malignant lesion, or a lesion that is difficult to 
identify under endoscopic study. Such lesions look be-
nign, especially in narrow band imaging[9,10], we believed 
that endoscopists does not perform biopsy, if  they mac-
roscopically diagnosed the lesion for benign. It may be a 
reason for the incidence of  SGM is likely underestimated. 

In the current study, senior endoscopist 1 encoun-
tered SGM 3 times (cases 1, 2 and 3) in 1998, 1999 and 
2002. After the endoscopic biopsy and pathological re-
view in the first case, a 100% (2/2) endoscopic diagnosis 
rate of  senior endoscopist 1 was noted in cases 2 and 3. 
In contrast, senior endoscopist 2 missed an endoscopic 
diagnosis in a xanthoma due to a lack of  pathological re-

view despite the first case being proven. Senior endosco-
pist 2 also missed an endoscopic diagnosis in a papilloma 
that was biopsied but not pathologically reviewed. 

In the meantime, senior endoscopist 4 also missed an 
endoscopic diagnosis in a papilloma in case 4 due to lack 
of  pathological review. In SGM cases 5 and 6, the prima-
ry endoscopic diagnosis of  candida esophagitis was made 
by junior endoscopist 2 and senior endoscopist 3. Junior 
endoscopist 2 had performed an endoscopic biopsy in 
case 5, but senior endoscopist 3 did not in case 6. 

Due to the lack of  a pathological review, junior en-
doscopist 1 made a negative endoscopic diagnosis in case 
5 during a scheduled health screen. In contrast, senior en-
doscopist 2 also missed the endoscopic diagnosis in SGM 
case 6 due to the lack of  a response to candida infection 
treatment in the follow-up clinic. Because endoscopic 
biopsy and pathological review were both performed, 6 
cases of  SGM were documented in our series. 

Our series showed that 66.7% of  the cases of  SGM 
came from health screening centers, and for these cases 
the pathology reports were not returned to the ordering 
endoscopist. In addition, the interpreting doctor at the 
health screening center was not the original endoscopist, 
and the patients did not return to the outpatient clinic 
due to there being no evidence of  malignancy. To over-
come the diagnostic underestimation demonstrated here, 
endoscopists need to actively follow up each pathological 
report after an endoscopic biopsy, or a computer man-
agement system should send the final pathological report 
to the original endoscopist on a weekly basis. Therefore, 
the accurate diagnosis of  SGM requires both endoscopic 
biopsy and pathological review[11]. 

Studies have reported that candida infection (Figure 
3A) is the most common endoscopic diagnosis to appear 
as SGM[7,8]. In the present study (Table 1), 10 episodes 
of  SGM were found at a rate of  3 in xanthomas, 2 in 
candida infections, and 2 in papillomas (Figure 3B). The 
same situation was the first impression as candida infec-
tion of  the esophagus but no medication response to it 
in our case 6[12]. SGM case 6 was determined by a sub-
sequent pathological review. For most endoscopists, the 
first impression would be glycogenic acanthosis (Figure 
3C), potentially with minor atypical features. All of  the 

July 16, 2014|Volume 2|Issue 7|WJCC|www.wjgnet.com 313

  ESP (n) End. 
study

End. biopsy 
(%)

End. 
biopsy/

ESP

No. of ESP 
identifying 
SGM (%)

Identification 
episodes

  Senior (7) 110022  16012 (14.5)1 2287.4    4 (57.1)2    83

  Junior (26) 105024  19290 (18.4)1   741.9 2 (7.7)2    24

  Total (33) 215046 35302 (16.4) 1069.8  6 (18.2) 10

Table 2  Rates of identification of sebaceous gland metaplasia 
by the senior and junior endoscopists 

1P = 0.0001 using the χ 2 test; 2P = 0.01 using Fisher’s exact test; 3senior 1 in 3, 
senior 2 in 2, senior 3 in 2, and senior 4 in 1 meet; 4junior 1 in 1 and junior 2 
in 1 case of identified SG. SGM: Sebaceous gland metaplasia; ESP: Endos-
copist; End: Endoscopic.

Figure 2  Esophageal squamous epithelial with sebaceous glands (HE 
stained × 400).
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above situations belong to the benign nature of  the etiol-
ogy of  SGM, and the symptoms of  SGM are not alarm-
ing enough to warrant an endoscopic biopsy. Therefore, 
missing endoscopic diagnosis occurs easily in situations 
in which both endoscopic biopsy and pathological review 
are not both performed.

An interesting finding in the current study was the 
difference in endoscopic biopsy attempts between the 
senior and junior endoscopists. More cases were exam-
ined by the senior endoscopists than by the junior endos-
copists (51.2% vs 48.8%), in contrast to the endoscopic 
biopsy rate (14.5% vs 18.4%). The large difference in the 
number of  biopsies taken by senior (21.2%) vs junior 
endoscopists (78.8%) might give a false impression in sta-
tistical analysis. Senior endoscopists had a 3-fold higher 
number of  endoscopic biopsies compared to the junior 

endoscopists (2287.4 vs 741.9 endoscopic biopsies per 
endoscopist). Senior endoscopists had more motivation 
to look for SGM than the junior endoscopists. Anyway, 
SGM is a very rare endoscopically indistinct benign 
finding in the esophagus. The histogenesis of  ectopic 
sebaceous glands in the esophagus is unknown; whilst it 
could be a congenital abnormality, a majority of  authors 
defined it like an acquired metaplastic process. No ma-
lignant transformation has yet been reported. From the 
pathologists’ point of  view an inflammatory or neoplas-
tic process has to be excluded as the cause of  the non-
distinctive endoscopic findings[8,13]. In our recent study 
found that senior endoscopists are more interested than 
junior endoscopist, in look for the esophagus SGM cells 
as well as the attempt for endoscopic biopsy[14].

In conclusion, asymptomatic esophageal SGM is a 
rare condition that occurs in old age (> 50 years) and is 
male dominant. A differential diagnosis of  a benign non-
inflammatory nature should be kept in mind in daily prac-
tice with endoscopic biopsies and pathological review but 
may be never seen clinically. 

COMMENTS
Case characteristics
Sebaceous gland metaplasia of esophagus tends to be found incidentally be-
cause of the usually no symptoms.  
Clinical diagnosis
It is hard to make a clinical diagnosis due to the silent disease.
Differential diagnosis
Endoscopic biopsy with pathological review is very important for the differential 
diagnosis from the other esophageal pathologies.
Laboratory diagnosis
Histological examination with HE stained showed characteristic sebaceous dif-
ferentiation. 
Imaging diagnosis
Endoscopy demonstrated numerous tiny rounded, elevated, white-yellowish le-
sions distributed at the middle and lower esophagus. 
Pathological diagnosis
Histopathological examination identified numerous sebaceous glands were lo-
cated in the lamina propria, revealed lobules of cells that showed characteristic 
sebaceous differentiation. 
Treatment
Because there were no esophageal symptoms or/and eating problems, the pa-
tient did not require endoscopic surgery or other treatment.
Term explanation 
A sebaceous cell of presumed ectodermal origin, in the esophageal mucosa, 
which is of endodermal origin, is of scientific interest. Different theories may 
explain the existence of this peculiarity by sebaceous gland metaplasia is the 
most plausible. 
Experiences and lessons
Sebaceous gland metaplasia tends to be found incidentally during autopsy or 
esophageal resection.
Peer review
This is a well designed and well written case report which may be interesting for 
gastroenterologists and other clinicians. 
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lucent to lightly whitish nodules at the upper and middle esophagus.
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Abstract
Impaired motor and functional activity following stroke 
often has negative impacts on the patient, the fam-
ily and society. The available rehabilitation programs 
for stroke patients are reviewed. Conventional reha-
bilitation strategies (Bobath, Brunnstrom, propriocep-
tion neuromuscular facilitation, motor relearning and 
function-based principles) are the mainstream tactics 
in clinical practices. Numerous advanced strategies 
for sensory-motor functional enhancement, including 
electrical stimulation, electromyographic biofeedback, 
constraint-induced movement therapy, robotics-aided 
systems, virtual reality, intermittent compression, par-
tial body weight supported treadmill training and ther-
mal stimulation, are being developed and incorporated 
into conventional rehabilitation programs. The concept 
of combining valuable rehabilitative procedures into “a 
training package”, based on the patient’s functional sta-
tus during different recovery phases after stroke is pro-
posed. Integrated sensorimotor rehabilitation programs 
with appropriate temporal arrangements might provide 
great functional benefits for stroke patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Stroke; Rehabilitation; Sensory stimulation; 
Thermal stimulation

Core tip: Rehabilitation strategies, including conven-
tional interventions with an empirical basis and ad-
vanced interventions based on scientific evidence, are 
reviewed. The concept of a training package that is 
related to the severity of impairment and the phase 
of recovery from stroke is proposed to maximize the 
recovery of motor function after a stroke. The training 
package for therapists provides valuable suggestions 
for selecting from the available and suitable advanced 
rehabilitation methods as well as from the conventional 
rehabilitation methods.

Chen JC, Shaw FZ. Progress in sensorimotor rehabilitative 
physical therapy programs for stroke patients. World J Clin 
Cases 2014; 2(8): 316-326  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i8/316.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i8.316

INTRODUCTION
Following stroke, more than half  of  the patients have 
moderate to severe deficits at admission, and their func-
tional activities are often confined to the bedside or 
wheelchair[1,2]. The most commonly occurring deficits are 
hemiparesis, resulting in an immediate impairment to up-
per limb function[2-4], or the ability to stand, balance and 
walk[2,3,5]. These deficits not only limit the person’s activi-
ties in the family and participation in society but pose a 
heavy physical burden on their relatives or caregivers[6]. 
Stroke patients recover their walking function to a cer-
tain degree after discharge from hospital. However, 50% 
or more of  stroke patients are still frustrated by mild or 
severe deficits of  their upper limb functions 6 mo post-
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stroke[2-5]. Thus, facilitating the restoration of  upper limb 
motor function and maximizing walking ability as early as 
possible after a stroke are generally priorities for stroke 
patients, their families and clinicians. 

In the clinic, numerous rehabilitative approaches have 
been shown to promote functional motor recovery after 
stroke[7-14]. In general, repetitive sensory stimulation and 
mass motor or task practice facilitate neuroplasticity and 
brain reorganization in stroke patients, resulting in en-
hanced motor and functional recovery after stroke[13-17]. 
In this scenario, physical therapy that emphasizes sensory 
stimulation has gained increased prominence among 
modern rehabilitation strategies[13-16]. However, there has 
been no systematic review of  sensorimotor rehabilita-
tion programs according to the patient’s status during 
different stroke rehabilitation phases (the acute, subacute 
and chronic phases). Due to the dynamic and complex 
process of  stroke recovery (the patient’s status and recov-
ery phase)[10,11] and the methodological heterogeneity in 
various studies[7-10], it is difficult to draw a conclusion as 
to which programs are superior to others or which ones 
could be adopted for the entire rehabilitation process. In 
this article, we attempt to summarize all of  the possible 
programs and introduce a schematic program that com-
bines valuable treatments[9,11] into “a training package” to 
maximize the functional outcomes of  stroke patients. 

CATEGORIZATION OF STROKE 
REHABILITATION PROGRAMS
Regarding physical therapy for stroke patients, the re-
habilitative programs can be categorized into two main 
groups according to the theoretical backgrounds of  the 
clinical trials[7-14]: conventional and advanced rehabilita-
tion programs.

Conventional rehabilitation programs address the 
effectiveness of  treatment approaches based on neuro-
physiological, motor control and learning, or strengthen-
ing and functional principles. These programs are often 
called traditional physiotherapeutic “schools”[7-9,13,14]. The 
present study considered conventional rehabilitation pro-
grams to be the regular or standard therapies applied in 
clinical stroke rehabilitation. Conventional rehabilitation 
strategies are mostly based on clinical experiences and 
observations[18-24]. They were developed early and are usu-
ally applied for routine rehabilitation in the clinic. 

Advanced rehabilitation programs emphasize the 
effectiveness of  specific interventions based on neuro-
scientific evidence[7-14]. Because stroke patients must re-
ceive a reasonable level of  rehabilitation in the hospital, 
conventional rehabilitation strategies are generally em-
ployed in the clinic. There is concern over incorporating 
advanced rehabilitation strategies with conventional re-
habilitation strategies in the hospital due to ethical issues. 
In particular, in the case of  acute and subacute stroke 
patients, the assessment for advanced rehabilitation yields 
two groups: a conventional + advanced rehabilitation 
group vs a conventional rehabilitation group. Only a few 

studies in chronic stroke patients have directly compared 
the advanced treatment with “dose-matched” conven-
tional rehabilitation.

CONVENTIONAL REHABILITATION 
STRATEGIES 
The conventional rehabilitation strategies for stroke 
include the Bobath (also called Neurodevelopmental 
Treatment)[14,18,19], Brunnstrom[20], proprioceptive neuro-
muscular facilitation (PNF)[21], motor relearning[22] and 
the functional or strengthening[7-9,13,14,23,24] approaches. 
Although these approaches are mostly based on empiri-
cal results rather than scientific evidence, they or their 
concepts are commonly adopted in clinical settings in the 
standard or routine rehabilitation programs for stroke pa-
tients to regain their motor functions[7-9,11-14].

In recent decades, several studies have shown the 
positive effects of  these interventions on the recovery 
of  motor functions after strokes[23-33]. Among these ap-
proaches, the Bobath treatment is widely used in Western 
countries[30-33]. Abnormal muscle tone and movement 
patterns, which generally lead to impaired postural con-
trol, are deemed the two major problems experienced 
by people with hemiplegia. Therefore, a major goal of  
the Bobath treatment[18,19] is to normalize the movement 
pattern and postural control (or tone) by handling the 
major joints of  each body part of  the patient, such as the 
neck, shoulder, hand, hip, knee and ankle. Recently, the 
Bobath treatment was re-defined as a problem-solving 
approach for the assessment and treatment of  individu-
als with deficits in function, movement, and postural 
control caused by a central nervous system lesion. The 
goals in a given task are successfully met by identifying 
and analyzing problems in the movement components 
and the underlying impairments during functional activi-
ties and participation[19]. Incorporating appropriate inputs 
(visual, verbal, or tactile) also plays a vital role in Bobath 
training because the afferent inputs affect the motor per-
formance[19]. The Bobath treatment should improve the 
efficiency of  movement and generally facilitate the activi-
ties of  everyday life. 

The Brunnstrom approach[20] considers six hierarchi-
cal movement developmental stages, from flaccidity to 
normal movement-pattern control. The Brunnstrom 
treatment involves a reflex or limb synergistic movement, 
initially with cutaneous stimulation. Later, the appropriate 
inhibition of  the synergy pattern and facilitation of  the 
anti-synergy pattern are required to attain normal move-
ment control and functional performance. Visual and 
somatic modalities are considered in the motor training 
using the Brunnstrom approach, which facilitates voli-
tional movement and motor recovery for patients with 
moderate to severe strokes.

The PNF approach stresses stimulating propriocep-
tors in the muscles/joints of  the affected limbs follow-
ing stroke. The PNF procedures are often accompanied 
by verbal/visual and tactile feedback to facilitate muscle 
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contraction and motor control in terms of  many tech-
niques, such as joint approximation, traction, irradia-
tion or overflow. Therapists rebuild the movement and 
function of  the limbs rendered paretic due to strokes by 
guiding a specific movement pattern (diagonal or spiral 
direction) for concomitant muscle contractions with re-
versal, stabilization, repetition or combination techniques. 
The motor control or movement pattern facilitated by 
the therapist follows a sequence of  static/dynamic and 
assistive-active-resistant progressions for regaining motor 
control and enhancing the muscle strength of  the paretic 
limbs of  stroke patients. Verbal and vision inputs are also 
basic facilitative procedures used in this approach[21]. The 
facilitated progression due to the PNF procedures fol-
lows a hierarchical process from mobility to stability, then 
controlled mobility to skillful movement. 

The motor relearning technique[22] emphasizes the 
active practice of  context-specific motor tasks in a struc-
tured environment with appropriate feedback, manual 
guiding or verbal commands. Through this well-designed 
learning program, stroke patients progressively learn to 
perform the task-oriented functional activities well. In 
general, the motor relearning technique consists of  the 
following four steps: (1) analysis of  the task; (2) practic-
ing the missing components of  the task; (3) practicing 
the entire task; and (4) transferring the training to per-
form the task. This technique requires the patient to first 
understand the kinematics and kinetics of  normal move-
ment and then the patients can use the kinetic knowledge 
to practice various dynamic characteristics of  the move-
ments necessary to complete a task. The motor relearn-
ing technique recruits a single or several inputs (visual, 
verbal, or auditory) within a training program. 

The functional and strengthening approaches, which 
are based on theories regarding motor control and learn-
ing, consist of  bed mobility, sitting, transfers, sit-to-stand 
and gait[7-9,13]. Clinically, the therapists target the impair-
ments in the neuromuscular or musculoskeletal system 
following stroke and provide practice or an experience 
leading to changes in the capability of  producing skilled 
action. To reduce impairments and facilitate functioning, 

the therapists encourage the patients to practice purpose-
ful or functional movement and postural adjustment by 
selective allocation of  muscle tension across joint seg-
ments[7-9,13]. 

The aforementioned rehabilitation strategies are often 
used in a clinical setting for stroke patients, but the scien-
tific evidence regarding these conventional rehabilitation 
methods remains limited. The functional outcomes of  the 
Bobath and motor relearning approaches[25-27] were not 
significantly different throughout a 4-year follow-up[27], 
but the motor relearning treatment is seemly preferred for 
shortening the length of  hospitalization of  stroke patients 
during the acute phase. No significant difference was 
found in the functional outcomes of  stroke patients given 
the Bobath, PNF, Brunnstrom and/or strengthening 
treatments[24,28,29]. Although the Bobath technique is more 
popular in Western countries[30,31], recent reviews indicated 
that the Bobath technique is not superior to the other ap-
proaches in general, including the outcomes regarding the 
sensorimotor control of  upper and lower limbs, dexterity, 
mobility, the activities of  daily living or the health-related 
quality of  life[31-33]. Interestingly, a mixture of  treatments 
combining different approaches may be more beneficial 
than receiving no treatment or a placebo control for lower 
limb functionality and postural control after strokes[8]. 

Table 1 summarizes the characteristics of  the sensory 
inputs and outcomes, theoretical basis, and the results of  
the four conventional rehabilitative strategies. Due to the 
methodological heterogeneity in previous studies and the 
lack of  well-designed larger investigations, the ideal and 
favorable training strategies among these conventional 
treatments for stroke rehabilitation are yet to be deter-
mined[19-23]. 

ADVANCED REHABILITATION 
STRATEGIES
Numerous advanced and novel rehabilitation treatments 
have been developed for patients in the acute, subacute 
or chronic phase of  stroke, to facilitate and maximize 
their functional recovery[7-14]. Most of  these techniques are 
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Table 1  Summary of conventional rehabilitation therapies with an emphasis on sensory inputs and outcomes

Treatment Sensory inputs Rationale Sensory outcome Result1

Bobath Visual, verbal and 
tactile

Neurophysiology concept (emphasis on selective movement and 
postural control by key points of the body, with problem-solving 
training)

None UL (-), LL (-)  

Brunnstrom Visual and cutaneous Neurophysiology (an ordered, predictable, stepwise progression 
from initial flaccidity to stereotypical synergy and then to normal 
patterns of voluntary movements)

None NA

PNF Visual, tactile, verbal 
and proprioceptive 

Neurophysiology concept (through the stimulation or relaxation of 
muscle groups combined with various sensory inputs in response 
to specific movement patterns to promote functional movement)

None NA

Motor
 relearning

Visual, tactile and 
auditory

Neuropsychology (Active practice of context-specific motor task 
with well-designed motor and sensory components )

None NA [UL (-) and LL (-) 
motor control with 3 RCTs] 

1Obtained from meta-analyses or systematic reviews. PNF: Proprioceptive neuromuscular facilitation; -: Not better than the control group; LL: Lower limb; 
UL: Upper limb; NA: Not available; RCT: Randomized clinical trial.
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based on neuroscientific evidence rather than pragmatism. 
For instance, neuroplasticity and brain reorganization in 
patients with good functional recovery from strokes have 
been demonstrated using functional brain imaging or 
other advanced neuro-technologies[8-11,15,16]. Compared to 
conventional rehabilitation treatments, more high-quality 
clinical trials concerning the advanced rehabilitation 
strategies have been reported in recent decades. In this 
study, several advanced rehabilitation techniques and their 
enhanced results compared with those of  conventional 
rehabilitation treatment are summarized below.

ELECTRICAL STIMULATION
Electrical stimulation (ES) is a technique that was developed 
early and is widely applied to stroke rehabilitation as an ad-
junctive treatment[7-10,17,34-44]. Many aspects of  ES, including 
transcutaneous electrical nerve stimulation (TENS)[34-38], 
functional electrical stimulation (FES) or neuromuscular elec-
trical stimulation (NMES)[14-17,34,37-40,44], and electromyographic 
(EMG) biofeedback[41-43], have been used for different clinical 
purposes. TENS is generally applied for sensory stimulation 
(sensory threshold) or for selective muscle contraction (mo-
tor threshold) based on the patient’s status[35-38]. In contrast, 
the intensities of  the other three modalities are largely above 
the motor threshold[34,37-44]. ES primarily stimulates cutane-
ous receptors and proprioceptors and/or activates muscle 
contractions and joint movements, which can increase the 
cortical excitability of  the somatosensory and/or motor ar-
eas. Long-lasting cortical plasticity occurs, accompanied by 
motor recovery, in stroke patients treated by ES[13-17,36]. ES is 
popularly used as an adjunct in clinical rehabilitations and has 
a positive effect on the range of  motion, motor control, and 
muscle strength of  the affected limbs and the gait speed of  
stroke patients[13-16,34-43]. The ES intensity with sensory thresh-
old shows effects on motor outcomes[16,37]. In particular, ES 
combined with active training significantly improved the 
performance of  both sensory and motor functions[34,36]. In 
addition, ES may also be beneficial in preventing secondary 
complications of  stroke[39], such as shoulder pain, sublux-
ation, spasticity and upper limb contracture.

The EMG biofeedback technique, another type of  
ES involving minimally active muscle contraction at the 
targeted joint, is also beneficial for the control of  motor 
function or the muscle strength of  the upper limb follow-
ing stroke[41-43]. However, the EMG-triggered feedback 
causes little improvement in upper limb functionality[43]. 
The effect of  the NMES with three periods of  stimula-
tion on the upper extremities of  66 stroke survivors with 
severe motor deficits was investigated[44]. However, the 
optimal effective parameters of  ES are inconclusive[36,37]. 
The ES treatments used in all of  the previous studies have 
been added to conventional rehabilitation programs to 
enhance motor-function recovery after a stroke[34-38,40-44]. 

ROBOTIC-AIDED SYSTEMS 
The most advantageous feature of  robotic-aided system 
is that it reduces the physical effort of  handling patients 

using computer-assisted devices. Because the system can 
automatically set the duration and intensity of  the paretic 
limb movement using either passive or active assistance, 
robotic-aided therapy allows patients to train indepen-
dently with no therapist or with a supervising thera-
pist[45,46]. The device may provide different optimized 
movement patterns to help moderate to severe stroke pa-
tients regain their motor functions. However, a robotic-
aided system requires that the distal part of  the limb (hand 
or foot) be fixed on the handle bar or footplate of  the 
device during training.

At least five types of  robotic-aided systems have been 
developed for upper limb rehabilitation after a stroke, 
including the MIT-MANUS, the InMotion shoulder-
elbow robot, the ARM Guide, the mirror-image motion 
enabler, and the bi-manu-track[45-50]. Generally, the exer-
cise protocols of  a robotic therapy system for upper limb 
rehabilitation after a stroke focus on shoulder and elbow 
movement patterns and fixing the hand (or fingers) in 
the robotic handle bar[44-48]. The system guides a patient’
s paretic hand on a support board in front of  the patient 
and tracks the movement of  the robotic handle to the 
target on the computer screen to attain a goal-directed 
movement through simultaneous visual, auditory, and 
proprioceptive feedback. Robotic-aided therapy has 
demonstrated advantages for motor recovery but did not 
affect the daily functions of  stroke patients[46]. However, 
when directly compared with matched intensive conven-
tional rehabilitative techniques, the robot-assisted therapy 
showed no additional benefit for moderate to severe arm 
impairment in subacute stroke patients[47]. 

The Lokomat and Gait Trainer were recently devel-
oped as robotic-gait machines for lower limb rehabili-
tation following stroke and are intended to relieve the 
strenuous efforts of  the therapists[51-53]. Although their ef-
fects were not significantly different compared with those 
of  a similar dosage of  treadmill training[51] or conven-
tional therapy[52], using the robotic-gait machine is a fea-
sible treatment for lower limb and gait rehabilitation[51-53]. 
Robotic-gait therapy combined with conventional therapy 
is more effective for gait performance than conventional 
therapy alone in patients with subacute stroke who have 
greater motor impairment[53]. A similar phenomenon re-
garding better improvement has been reported for using 
robotic-gait therapy combined with FES treatment[54].

The use of  a robotic-aided system for stroke rehabili-
tation is rapidly growing. Recently, robotic-aided therapy 
combined with individual arm therapy (IAT) using a 
motor relearning approach was as effective as double 
sessions of  IAT in terms of  the restoration of  upper 
limb motor functions[47]. Robot-assisted therapy during 
the training phase is more convenient than conventional 
rehabilitation therapy. However, the cost of  the devices is 
still prohibitive for the average clinic[52]. 

PARTIAL BODY WEIGHT SUPPORTED 
TREADMILL TRAINING 
Partial body weight supported treadmill training (PBWSTT) 

August 16, 2014|Volume 2|Issue 8|WJCC|www.wjgnet.com 319

Chen JC et al . Sensorimotor rehabilitation for stroke



involves using a treadmill with body-weight support pro-
vided by a harness that is connected to an overhead support 
system, with coincidental proprioceptive stimulation and vi-
sual inflow during stepping. PBWSTT is a method used to 
treat walking impairments post-stroke. PBWSTT has been 
used for more than 20 years and is beneficial for the walk-
ing function of  stroke patients[55-60]. Initially, the stroke sub-
jects in most of  the previous PBWSTT studies were inde-
pendent or partially independent walkers and many of  the 
studies were conducted using chronic stroke patients[55-57]. 
These studies reported a good outcome after the applica-
tion of  the PBWSTT. In contrast, the outcomes of  early 
severe stroke patients or even patients after a 6-mo follow-
up compared with those given conventional rehabilitation 
training are controversial[57,58]. In a large long-term follow-
up study, the effects of  PBWSTT were not superior to pro-
gressive exercise at home that was managed by a physical 
therapist[59]. The use of  PBWSTT for walking rehabilitation 
of  stroke patients slightly improved the walking velocity 
and walking endurance but not significantly compared with 
the effects of  conventional rehabilitation[60]. Moreover, two 
(or even three) therapists and a strenuous effort are gener-
ally required during PBWSTT therapy. Thus, these factors 
could limit clinical therapists from initiating walking training 
on the treadmill to moderate to severe stroke patients in the 
acute phase. 

VIRTUAL REALITY
Computerized virtual reality (VR), a type of  human-comput-
er interface technology, allows patients to interact with a mul-
tisensory simulated environment and to receive “real-time” 
feedback on their performance[61,62]. Visual and auditory 
feedback is crucial for instantaneous reactions to stimulation 
from the environment or the exercises. The feedback training 
incorporated with conventional rehabilitation treatment led 
to significant improvement of  the upper arm functions of  
stroke patients[61,62]. 

VR applications can range from nonimmersive to ful-
ly immersive. Recently, a variety of  nonimmersive video 
game systems developed by the entertainment industry 
have become available for home use. The home-based 
VR system is inexpensive and more accessible to clini-
cians and individuals. Among patients with acute strokes 
who were receiving conventional rehabilitation, the group 
receiving VR therapy using Wii games demonstrated 
better recovery of  motor function than the recreational 
group[63]. Furthermore, VR therapy in conjunction with 
PBWSTT treatment is feasible and effective in improving 
patients’ walking and balancing abilities post-stroke[64].

Although VR can enhance patients’ motivation and 
compliance regarding rehabilitation and reduce their 
perception of  exertion during activities, it is unable to 
replace actual sensory experiences, such as manipulating 
objects during normal daily activities. Sometimes, the VR 
system may cause symptoms of  motion sickness, such as 
nausea, disorientation, dizziness, and headache, in a few 
patients during training[61]. A recent review[62] summarized 

the results of  five randomized clinical trials (RCTs) and 
seven observational studies, concluding that large mul-
ticenter, well-designed randomized trials of  VR therapy 
are required. However, the subjects enrolled in most VR 
studies have a moderate to mild status, which limits the 
apparatus to a selected group of  stroke patients. The cost 
and complexity of  VR devices and the supporting soft-
ware may not be acceptable for all clinical centers. 

INTERMITTENT COMPRESSION
The intermittent compression technique is a neurophysi-
ological treatment. This treatment involves the stimu-
lation of  cutaneous and proprioceptive receptors by 
repeated movements. Previous randomized control trials 
have shown its beneficial effects on the sensory and mo-
tor functions of  stroke patients in the acute[65] or chron-
ic[66] phase. A significant enhancement was observed in 
subjects even at the 5-year follow-up[67]. However, hereto-
fore, no further investigations have been conducted. 

CONSTRAINT-INDUCED MOVEMENT 
THERAPY
Constraint-induced movement therapy (CIMT) is a revo-
lutionary rehabilitation technique based on the “learned 
non-use” theory[68-73]. The concept of  CIMT involves 
constraining the movements of  the non-affected arm with 
a sling or mitten and forcing the paretic hand to practice 
using a task-orientated approach for most of  the waking 
hours. Highly intensive and mass-repetitive practice using 
the affected arm is the major requirement for at least 2 
wk of  training. Two mechanisms underlying CIMT were 
proposed[71,73]: the “learned non-use” of  the affected limb, 
which is often behaviorally reinforced, is reversed and 
the contralateral cortical area responsible for the move-
ment of  the affected limb is expanded due to repetitive 
forced use[69]. Although CIMT therapy has been proven 
to have a significant effect on the upper limb mobility fol-
lowing strokes[68-73], a minimal voluntary movement (wrist 
extension of  at least 20 degrees and finger flexion of  10 
degrees) at the beginning of  treatment and during long-
duration daily treatment is required for the application of  
this therapy. Thus, it is uncertain whether the CIMT ap-
proach is appropriate for patients with flaccidity or little 
volitional movement of  their upper limbs during either 
the early or chronic phase of  stroke and those with insuf-
ficient tolerance of  the method. In the case of  mild mo-
tor function in chronic stroke patients[71,73], CIMT therapy 
could act as a routine rehabilitation technique.

THERMAL STIMULATION
Thermal stimulation (TS) was first developed using alter-
native hot and cold stimulation. TS combined with con-
ventional rehabilitation methods has been demonstrated 
to facilitate upper-limb motor function in acute stroke 
patients[74]. TS causes greater activation of  the brain areas 
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involved in tactile or mechanical stimulation, as shown in 
functional brain imaging studies of  healthy subjects[75,76]. 
In RCTs, TS significantly improved several aspects of  the 
upper- and lower-limb outcomes of  acute and subacute 
stroke patients[74,77-80] when combined with standard re-
habilitation therapy. Comparable enhancement was also 
observed and maintained in the lower-limb outcomes at 
the 3-mo follow-up but disappeared at the 6-mo follow-
up[79]. The use of  TS in rehabilitation not only provides 
sensory stimulation but also deploys the forced-use strat-
egy to provoke volitional/reflexive motor activity. Neural 
plasticity may be a reason for the effect of  TS in stroke 
patients. TS can be a low-cost, practicable intervention 
using home-made materials, such as a water pack. Thus, 
TS can easily be established as a generally popular home-
care therapy. Table 2 summarizes the characteristics of  
the stimulation modalities used in recent rehabilitation 
programs. 

A “TRAINING PACKAGE” CONCEPT FOR 
REAHBILITATION
Both conventional rehabilitation strategies and the recent-
ly developed advanced treatments mostly emphasized the 
motor functional outcomes and viewed various types of  
sensory stimulation (inputs) or feedback as crucial com-
ponents in stroke rehabilitation[7,13-17,34-38,41-43,46,63,74]. A large 
number of  robust large-scale studies of  evidence-based 
treatments for stroke rehabilitation have been published 
in recent decades[7-11]. These studies provide evidence that 
advanced rehabilitation methods significantly enhance 
functional outcomes during particular phases of  recov-
ery from stroke. In addition to the significance of  the 
advanced rehabilitation therapies, knowing the ideal and 
most powerful training strategies for recovery during the 
acute, subacute to chronic phases is very helpful to stroke 
patients and therapists. Before we describe the concept 
of  an ideal training program (a training package), several 
perspectives need to be considered.

First, no clear evidence indicates that the recently 
developed rehabilitation therapy can replace any of  the 
treatments based on physiotherapeutic “schools” that are 

generally viewed as the standard rehabilitation treatments 
for stroke. In general, most of  the specific rehabilitation 
strategies have been adopted or added as supplementary 
methods by therapists to reinforce functional recovery 
after stroke. The significance of  the advanced therapies, 
such as ES[37,38,42], robotic therapy[46], virtual reality ther-
apy[62], PBWSTT[59,60], and CIMT[71,73], has been derived 
through meta-analysis of  stroke patients in a particular 
phase. However, no large longitudinal study that inte-
grated these advanced therapies to treat stroke patients 
throughout the entire rehabilitation process has been 
conducted.

Second, previous studies focused mostly on compar-
ing the effect of  specific treatments within a particular 
period following stroke, either in the acute/subacute or 
chronic phase. However, the progress of  stroke recovery 
is dynamic and individualized, dependent on the nature 
of  the injury, the patient’s characteristics and other in-
trinsic or extrinsic factors[10,11]. Faced with the dynamic 
alteration of  motor function, there is no evidence to 
support that any single intervention plays an important 
role in achieving the maximum benefit throughout an 
entire rehabilitation process, from acute to subacute 
to chronic status. Due to the diversity of  the advanced 
treatments and the heterogeneous methodologies ap-
plied, previous meta-analyses or systematic review articles 
generally focused on the effect of  a single specific treat-
ment[9,14,36-38,42,46,60,62,71,73]. Thus, it is difficult to compare 
their performance in a time-related progression. 

Third, very few studies have systematically evaluated the 
optimal intensity and/or duration of  a specific intervention. 
Thus, it is unclear what the threshold of  an effective “dose” 
of  an intervention might be or how long an effective inter-
vention should be applied. As a result, the intervention may 
cease before rehabilitation reaches a peak. Lastly, therapy 
in clinical practice is often provided for only a few weeks, 
generally 4 to 8 wk[9,14,31,36-38,42,46,60,62,73]. A therapy may fail to 
provide comprehensive progression in the intensity and 
task complexity because the optimal frequency and dura-
tion of  treatment sessions are undetermined. Moreover, 
therapists often use the treatments either single or com-
bined with other treatments in clinical practice according 
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Table 2  Comparison of the characteristics of sensory stimulation modalities and the rationales for recent advanced rehabilitation 
strategies and their outcomes

Treatment Sensory modality Rationale Sensory 
outcome

Result1

Electrical stimulation Proprioceptive and tactile Neurophysiology/neuropsychology Yes (+) UL (+) for motor control, LL (+) for gait ability 
Robotic therapy Visual, auditory and 

proprioceptive 
Neurophysiology/neuropsychology None UL (+) for motor control 

Virtual reality Visual and auditory Neuropsychology None NA [UL (+/-) motor control with RCTs]
Intermittent compression Tactile and proprioceptive Neurophysiology Yes (+) NA [UL (+) motor control with RCTs]
CIMT Visual and verbal Neuropsychology None UL (+)
PBWSTT Visual and proprioceptive Neurophysiology/neuropsychology None LL (+) motor and gait function
Thermal stimulation Hot and cold agent Neurophysiology/neuropsychology Yes (+) NA [UL/LE (+) motor control with 5 RCTs]

1Obtained from meta-analyses or systematic reviews. CIMT: Constraint-induced movement therapy; PBWSTT: Partial body weight-supported treadmill 
training; +: Positive effect; -: No better than the control group; LL: Lower limb; UL: Upper limb; NA: Not available; RCT: Randomized clinical trial.

Chen JC et al . Sensorimotor rehabilitation for stroke



to the patient’s status and progress during the recovery 
phase. Therefore, customizing the available interventions 
during different recovery phases after stroke to meet the 
needs of  the patient’s current status to optimize the out-
comes will be a major challenge for therapists. 

A single or two rehabilitation approaches can be eas-
ily used in the clinic and home, and these strategies must 
be based on the individual’s progression throughout the 
rehabilitation period. Combining valuable treatments is 
believed to be a good tactic for facilitating the restora-
tion of  functional mobility. It is generally believed that 
treatments could be given in a parallel or sequential way 
depending on the patient’s recovery process and her/his 
functional status. Figure 1 shows a schematic diagram of  
the available techniques that are suggested for patients 
with different functional status during the three stroke 
phases. Based on the available evidence described above, 
the appropriate advanced intervention combined with a 
conventional rehabilitation treatment has been summa-
rized for stroke patients with impairments of  different 
severities. Functional progression is indicated by arrows 
in terms of  the outcome, i.e., recovery or unrecovery. The 
therapist can easily select the appropriate strategies to 
maximize the functional outcome of  stroke patients.

For instance, if  a patient shows little or no voluntary 
movement of  the paretic limb (severe status) during 
the early poststroke stage, rehabilitation through task-
oriented training is often difficult to apply[50-57]. Most of  
newly developed therapies, which require a minimal mo-
tor ability, cannot be utilized during the early phase of  
recovery of  stroke patients[40,49-50,53-58]. ES[35-37], TS[74,78-79] 
and robotics-aided treatments[44,46,48] provide significant 
improvement in several aspects of  motor or functional 
activities, particularly for those in the initial phase of  re-
covery from moderate to severe strokes who show little 
or no voluntary movement. Thus, these techniques could 
be chosen to treat or activate motor activity in the paretic 
limbs. Until the patient’ condition has progressed to a 
moderate or mild status, alternative interventions, such as 
VR, CIMT or PBWSTT, which combine strengthening 
and functional training strategies, can improve the out-
come. From a practical perspective, the training package 
schematic shown in Figure 1 provides selective strategies 
for the initial phase of  recovery to the subsequent recov-
ery process for stroke patients with a different severity 
status. Although the various interventions are categorized 
according to the severity status, an optimal rehabilitation 
program (the ideal training package) can be individualized 
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Figure 1  Schematic flowchart for selecting from the available rehabilitation strategies for stroke patients with impairments of various severity levels dur-
ing different stroke phases. Functional recovery from a severe to moderate and mild condition after stroke is indicated by arrows with indications of the progression 
of recovery and unrecovery. Appropriate advanced rehabilitation technique(s) combined with conventional rehabilitation are selected to maximize the patient’s func-
tional recovery according to his/her initial motor function (mild, moderate or severe) in the clinic. ADLs: Activities of daily living; CIMT: Constraint induced movement 
therapy; ES: Electrical stimulation; PBWSTT: Partial body weight supported treadmill training; PNF: Proprioceptive neuromuscular facilitation; TS: Thermal stimulation. 
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and needs to be further investigated. 
An appropriate protocol for a selected group of  

patients plays an important role in terms of  cost-effec-
tiveness, limiting the period of  hospitalization and mini-
mizing the labor of  the therapist during the early phase 
of  stroke recovery. For example, in terms of  a “training 
package”, when therapists need to decide the clinical plan 
for the upper limb rehabilitation of  acute stroke patients 
with a moderate to severe status during the initial stage, 
the TS technique would be the choice that facilitates ac-
tive movement cost-effectively as early as possible. When 
a certain degree of  voluntary movement is elicited in the 
stroke patient, the therapist can apply other suitable tech-
niques, such as CIMT or forced use with a task-oriented 
approach. Ideally, a protocol combining several rehabili-
tation strategies at the right time, as “a training package”, 
could maximize the patient’s progress during recovery. 
Although we propose a reasonable strategy for planning 
a rehabilitation roadmap based on the available evidence 
for a particular status of  stroke, the ideal training pack-
age for the progression of  a stroke patient remains to be 
determined.

CONCLUSION
Rehabilitation is a long process for a stroke patient. How 
to choose the appropriate route(s) in a complex road-
map for stroke patients whose status differs during the 
phases of  their recovery is always a great challenge to the 
clinician, patient and family. Conventional rehabilitation 
therapies (including the Bobath, PNF, motor relearning 
and Brunnstrom techniques, either singly or combined) 
are the regular or routine treatments applied in stroke 
rehabilitation units. Several advanced rehabilitation strate-
gies with a strong evidence basis have been developed 
and are summarized here. According to the patient’s mo-
bility status and recovery phase, the appropriate advanced 
rehabilitation therapy combined with conventional re-
habilitation treatment comprise a training package. This 
training package may provide suggestion for therapists 
to maximize the improvement of  stroke patients in the 
right timeframe. To further validate the usefulness of  the 
training package approach, longitudinal or serial studies 
of  the outcomes of  selected and combined therapies are 
important.
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Abstract
Borderline personality disorder, conversion disorder and 
obsessive compulsive disorder frequently have dissocia-
tive symptoms. The literature has demonstrated that 
the level of dissociation might be correlated with the 
severity of obsessive compulsive disorder (OCD) and 
that those not responding to treatment had high dis-
sociative symptoms. The structured clinical interview 
for DSM-IV dissociative disorders, dissociation question-
naire, somatoform dissociation questionnaire and disso-
ciative experiences scale can be used for screening dis-
sociative symptoms and detecting dissociative disorders 
in patients with OCD. However, a history of neglect and 
abuse during childhood is linked to a risk factor in the 
pathogenesis of dissociative psychopathology in adults. 
The childhood trauma questionnaire-53 and childhood 
trauma questionnaire-40 can be used for this purpose. 
Clinicians should not fail to notice the hidden dissocia-
tive symptoms and childhood traumatic experiences 
in OCD cases with severe symptoms that are resistant 
to treatment. Symptom screening and diagnostic tools 
used for this purpose should be known. Knowing how 
to treat these pathologies in patients who are diag-
nosed with OCD can be crucial.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dissociation; Obsessive compulsive disor-
der; Screening and diagnostic tools

Core tip: The literature has demonstrated that the level 
of dissociation might be correlated with the severity of 
obsessive compulsive disorder (OCD) and that those 
not responding to treatment had high dissociative 
symptoms. The structured clinical interview for DSM-
IV dissociative disorders, dissociation questionnaire, 
somatoform dissociation questionnaire and dissociative 
experiences scale can be used for screening dissocia-
tive symptoms and detecting dissociative disorders in 
patients with OCD. However, a history of neglect and 
abuse during childhood is linked to a risk factor in the 
pathogenesis of dissociative psychopathology in adults. 
The childhood trauma questionnaire-53 and childhood 
trauma questionnaire-40 can be used for this purpose.

Belli H. Dissociative symptoms and dissociative disorders co-
morbidity in obsessive compulsive disorder: Symptom screen-
ing, diagnostic tools and reflections on treatment. World J Clin 
Cases 2014; 2(8): 327-331  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i8/327.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i8.327

INTRODUCTION
The term dissociation was used by James in 1890 from 
the translation of  the French term désagrégation after it was 
described by Pierre Janet in 1889. Pierre Janet described 
dissociation as the deterioration in the unification of  ex-
periences at the mental level. These experiences consisted 
of  perception, memory, cognition and emotions. Nor-
mally, these experiences all together constituted whole-
ness in the stream of  mind[1,2]. Patients perceive dissocia-
tion as dispersion in the wholeness of  sense of  self. This 
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dispersion emerges as the deterioration in the unity of  
chronological, biographic and perceptive identity[2,3]. 

Dissociative disorders were first described as categori-
cal independent nasographical cases in the Diagnostic 
and Statistical Manual of  Mental Disorders (DMS-Ⅲ) 
which was published in 1980. Before that, they were 
among the phenomena associated with dissociative symp-
tomatology hysteria[1,2]. 

According to DSM-IV-TR, dissociation is described 
as the deterioration in the integrative functions of  con-
sciousness, like the perception of  memory, identity and 
environment. On the other hand, in the etiology of  dis-
sociation, traumatic experiences, especially like childhood 
abuse, take an important place[4,5]. Dissociation functions 
as the autohypnotic defense mechanism that provides the 
psychological wholeness of  the individual against these 
traumas[6]. Dissociative disorders contain a group of  clini-
cal syndromes associated with the deterioration of  one 
or more of  these features described. Dissociation may 
have a sudden or gradual, temporary or chronic stream. 
Among the dissociative disorders, the type that has the 
most chronic and complex features and that contains all 
the other dissociative phenomena is the dissociative iden-
tity disorder. Other dissociative disorders are deperson-
alization disorder, dissociative amnesia and dissociative 
fugue disorder. On the other hand, the category that does 
not meet the specific diagnostic criteria is described as 
the dissociative disorder that cannot be named otherwise. 
According to some writers, in cases when the prevalence 
of  dissociative disorders is used as a base for the DSM-
Ⅳ diagnosis criteria in clinical practice, it cannot be esti-
mated. These disorders may go unnoticed in clinical prac-
tice and it is thought that they are more widespread than 
estimated. Besides, there is no research based on large 
populations[2,3]. However, according to recent research, 
the frequency is estimated to be 5.6% to 10% in the gen-
eral population[1]. Despite the fact that they are a separate 
diagnostic category on their own, dissociative symptoms 
can be observed together with almost all the psychiatric 
disorders. They can affect the clinical stream of  the psy-
chiatric disorders that they are found with[7]. Dissociative 
symptoms are frequently found with borderline personal-
ity disorder[8,9], conversion disorder[10] and obsessive com-
pulsive disorder[11].

Obsessive compulsive disorder (OCD) is a disorder 
frequently encountered and its lifelong prevalence is be-
tween 1% and 3%[4]. OCD is an illness that generally has 
a chronic stream. This disorder is characterized by obses-
sions or compulsions, takes very much of  the person’s 
time and causes intense stress or affects the individual’s 
personal life[12].

DISSOCIATIVE PROCESSES AMONG 
PATIENTS WITH OBSESSIVE 
COMPULSIVE DISORDER 
OCD is phenotypically very heterogeneous. This disease 

has several manifestations, with various dimensions re-
garding symptoms. In this study, 50 patients who had 
been diagnosed with OCD were investigated in terms of  
dissociative symptoms and the relationship of  these with 
symptom dimensions of  OCD. In general, dissociative 
scores were correlated with the level of  severity of  OCD. 
However, the controlling dimension was the parameter 
that was most closely correlated with dissociation. Am-
nesic dissociative symptoms were found to be correlated 
with controlling compulsive scores[11]. 

Rufer et al[13] evaluated 52 patients with the diagnosis 
of  OCD. In this study, Cognitive Behavioral Therapy 
(CBT) was administered to patients for 9.5 wk on av-
erage and patients received exposure therapy. In this 
study group, a high level of  dissociative symptoms was 
detected in patients who ceased treatment because of  
non compliance. In 43 patients who continued the treat-
ment, however, those with severe OCD symptoms and 
not responding to the treatment had high dissociative 
symptoms. In this study, it was reported that high disso-
ciative symptoms can be an indicator for poor response 
to CBT. 

In a study where Belli et al[14] included 78 OCD cases, 
a significant relationship between severity of  obsessive 
compulsive symptoms and dissociative symptom levels 
was detected. Dissociative disorder dual diagnoses were 
also investigated using SCID-D. The rate of  having at 
least one dissociative disorder in study group was 14%. 
In this study, the most common dissociative disorder 
was depersonalization disorder, followed by dissociative 
amnesia and dissociative identity disorder. These diag-
noses indicated that complicated dissociative disorders 
accompanied OCD considerably. In another study, Belli 
et al[15] found high levels of  dissociative symptoms and 
a significant correlation between these symptoms and 
obsessive compulsive symptoms was noted. However, no 
significant relationship between dissociative symptoms 
and childhood traumatic experiences was detected. 

Semiz et al[16] divided the patients into two groups in 
a study which included 120 OCD patients. Fifty-eight of  
these patients constituted the treatment-resistant group, 
whereas the treatment-responding group included 62 
patients. The groups were compared to each other. The 
treatment-resistant group had a higher level of  disease se-
verity, dissociative symptoms and childhood traumas. The 
results of  this study suggested that dissociative symptoms 
and childhood traumatic experiences can precede poor 
response to treatment. 

In another study, Selvi et al[17] investigated 95 OCD 
patients from a different aspect. In this study, the rela-
tionship between possible dissociation, childhood trauma 
and cognitive processes in patients with OCD was inves-
tigated. It was found that dissociative symptomatology 
was strongly related to pathological processes that consti-
tuted OCD symptoms. 

One of  the most important methods for the treat-
ment of  OCD is Cognitive Behavioral Therapy (CBT).  
Pathological cognitive processes are looked for in the 
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formulation of  treatment in OCD. However, no ad-
equate response to CBT was reported in 30%-60% of  
cases. This also requires consideration of  multifacto-
rial intrapsychic structures that constitute OCD. The 
hypnotherapeutic approach that focuses on dissociative 
phenomena is one of  the most important of  these fac-
tors. Hypnotherapeutic approaches can also be used in 
the treatment of  OCD[18]. It was reported that dissocia-
tive symptomatology can be a very important factor in 
not responding to treatment. This condition can involve 
not only treatment resistance to CBT, but also cases who 
do not adequately respond to medication[19]. However, 
the relationship between dissociative symptomatology 
with childhood traumatic experiences was well estab-
lished. Hypnotherapeutic approaches can also be used 
in repairing the traumatic memory[20]. It is apparent that 
systematic studies are needed to measure the efficiency 
of  hypnotherapeutic approaches in treatment resistant 
cases in regards to relevant dissociative pathology. Ego 
state therapy, a systematic approach in which hypnotic 
phenomena are used[21], can be beneficial in the treatment 
of  complex conditions, such as the dissociative amnesia 
or dissociative identity disorder that accompany OCD. 

ASSESSMENT OF DISSOCIATION 
SYMPTOMS AND CHILDHOOD 
TRAUMATIC EXPERIENCES IN PATIENTS 
USING THE TOOLS AND SCALES
The structured clinical interview for DSM-Ⅳ  dissociative 
disorders
SCID-D is a semi-structured interview tool developed 
by Steinberg. It is used to explore and determine the 
dissociative disorders according to DSM-Ⅳ. By using 
this interview tool, dissociative identity disorder, deper-
sonalization disorder, dissociative amnesia, dissociative 
fugue and the dissociative disorder diagnoses that cannot 
be named otherwise can be established. Because of  the 
fact that the dissociative identity disorder diagnosis can 
meet the symptoms of  all the other diagnosis categories, 
it is generally established on its own. If  this diagnosis is 
established, then generally no other diagnoses are estab-
lished[22].

Dissociation questionnaire
This scale was developed by Svedin et al[23]. By using this 
scale, dissociative experiences are explored and the se-
verity of  these symptoms is evaluated. This scale can be 
used to explore the traumatic experiences of  psychiatry 
patients and consists of  63 questions. Individuals mark 
the choices appropriate to them. Every heading is evalu-
ated by a point between 1 and 5 and the average score is 
obtained by dividing the total points by 63[23].    

The somatoform dissociation questionnaire
This scale is a self-rating instrument that consists of  
20 articles that patients themselves fill out, used in the 

exploration of  somatoform symptoms of  patients who 
have had traumatic experiences. Every heading is evalu-
ated by a point between 1 and 5 and the average score is 
obtained by dividing the total points by 20. This scale was 
developed by Nijenhuis et al[24].

The dissociative experiences scale 
This scale is a psychological self-rating instrument that 
evaluates dissociative symptoms. The scale contains 28 
questions, a general score and four sub scales. Every 
heading is evaluated by a point between 0 and 100 and 
the average score is obtained by dividing the total points 
by 28[25].     

A history of  neglect and abuse during childhood is 
linked to a risk factor in the pathogenesis of  dissocia-
tive psychopathology in adults[5,26-29]. Dissociation is 
also linked to traumatic life events, especially childhood 
traumas[30]. Therefore, childhood traumas must be inves-
tigated when dissociative symptoms are found in patients 
with an OCD diagnosis. This could be very important in 
planning treatment and the following scales can be used 
for this purpose. 

Childhood trauma questionnaire (CTQ-53)
This is a self-rating scale developed by Bernstein et al[31] 
consisting of  53 questions. With this scale, childhood 
emotional, physical and sexual abuse and childhood 
physical and emotional neglect situations are evaluated. 
Points between 1 and 5 are given for all types of  possible 
childhood traumas and the total of  the points are derived 
from the total points of  every childhood trauma between 
5 and 25. The measurement also contains the minimiza-
tion/denial scale that has three headings and is potentially 
out of  the rating[31]. The 3 items comprising the minimi-
zation/denial scale are dichotomized (never = 0, all other 
responses = 1) and summed; a total of  one (1) or greater 
“suggests the possible underreporting of  maltreatment’’ 
false negatives. 

Childhood trauma questionnaire (CTQ-40)
This scale was developed by Bernstein et al[31]. It consists 
of  40 questions and every question has five choices. It is 
a self-rating scale that explores childhood traumatic expe-
riences before the age of  18. The answers are composed 
of  five choices. These answers are: never (1); rarely (2); 
sometimes (3); often (4); and very often (5). High scores 
reveal that abuse in adolescence and childhood took place 
very often. The total points are between 40 and 200[31]. 

CONCLUSION
OCD is a disorder with high lifelong prevalence that can 
severely deteriorate the quality of  life. Therefore, every 
aspect influencing the development and treatment of  this 
disorder should be addressed seriously.

The individuals diagnosed with OCD can be evalu-
ated in three categories in an etiological context. These 
dimensions can be classified as cognitive, biological and 
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emotional[32,33]. Some writers emphasize the importance 
of  traumatic dissociative, existential and acquired devel-
opmental factors in the etiology of  OCD of  some pa-
tients in the emotional dimension. For many years, vari-
ous treatments have been suggested for the treatment of  
OCD. It is frequently emphasized that cognitive behav-
ioral therapy is one of  the most effective treatment meth-
ods[34]. Some authors[20,35,36] indicated that the therapist 
should target the stress eugenic factors that are acquired 
in intrapsychic and developmental ways and that contain 
conflicts, existential traumas and dissociated pieces of  
personality in order for the OCD symptoms to be treated 
successfully. However, the relationship between dissocia-
tive symptomatology and childhood traumas has not been 
clearly defined. To a large extent, dissociation is especially 
related to childhood abuse[26,37]. Dissociation functions as 
the autohypnotic defense mechanism that provides the 
psychological wholeness of  the individual against these 
traumas[4,5]. In addition to the cognitive behavioral model, 
different methods can also be used in the treatment of  
dissociative symptoms and chronic dissociative disorders. 
Some writers stated that ego state therapy and hypno-
therapy can be effective on dissociative processes. In the 
ego state therapy, hypnotic phenomena are used as the 
basic technique. In this therapy method, it is thought that 
the self  develops in a fragmented way and functions by 
becoming integrated. Childhood trauma and stresses can 
disrupt this integrity. During the therapy, these childhood 
experiences are concentrated on again in order to fix the 
disrupted integrity. It is apparent that systematic studies 
are needed to measure efficiency of  hypnotherapeutic ap-
proaches in treatment resistant cases in regard to relevant 
dissociative pathology. Ego state therapy is a systematic 
approach in which hypnotic phenomena are used[20,21].

Investigating the dissociative symptoms, complex dis-
sociative disorders and childhood traumas is very impor-
tant in patients who are diagnosed with OCD. Clinicians 
should not fail to notice the hidden dissociative symp-
toms and childhood traumatic experiences in OCD cases 
with severe symptoms and resistant to treatment. Symp-
tom screening scales and diagnostic tools used for this 
purpose should be known. To know how to treat these 
pathologies in patients who are diagnosed with OCD, 
particularly in cases with resistance to treatment, can be 
crucial. 

OCD is a disease with high lifelong prevalence that 
can severely deteriorate the quality of  life. The literature 
has demonstrated that the level of  dissociation might be 
correlated with the severity of  OCD and that those not 
responding to treatment had high dissociative symptoms.

It is important to know the scales that explore the 
dissociative symptoms and childhood experiences for 
patients diagnosed with OCD. Apart from that, the tools 
that serve to diagnose complex and chronic dissociative 
disorders can also help. More research that investigates 
the relationship between OCD and dissociative processes 
are needed. These studies need to have a large sample 
size that comprises both genders. As these studies in-

crease, serious developments will take place in treatment 
plans.    
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Abstract
Studies for prevalence and causal relationship estab-
lished that addressing comorbidities of mental illnesses 
with medical disease will be another revolution in 
psychiatry. Increasing number of evidence shows that 
there is a bidirectional connection between mood disor-
ders and some medical diseases. Glucocorticoid/insulin 
signal mechanisms and immunoenflammatory effector 
systems are junction points that show pathophysiol-
ogy between bipolar disorder and general medical 
situations susceptible to stress. A subgroup of mood 
disorder patients are under risk of developing obesity 
and diabetes. Their habits and life styles, genetic pre-
disposition and treatment options are parameters that 
define this subgroup. Medical disease in adults had a 
significant relationship to adverse life experiences in 
childhood. This illustrates that adverse experiences 
in childhood are related to adult disease by two basic 
etiologic mechanisms: (1) conventional risk factors that 
actually are compensatory behaviors, attempts at self-
help through the use of agents and foods; and (2) the 
effects of chronic stress.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Psychiatric and medical diseases have a two-
way relationship, and may have some effects on each 
other’s clinical appearance and clinical course, treat-
ment options and choices as they affect the possibil-
ity of keeping links to carry the etiologic causes. The 
lifespan of people with serious and chronic disorders, 
such as mood disorder, decrease by 30% because of 
untreated medical diseases.
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wjgnet.com/2307-8960/full/v2/i8/332.htm  DOI: http://dx.doi.
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INTRODUCTION
Studies for prevalence and causal relationship established 
that addressing comorbidities of  mental illnesses with 
medical disease will be another revolution in psychiatry[1]. 
There is a bidirectional relationship between psyche and 
soma, each influencing the other. Plausible biological 
explanations are appearing at an astonishing rate. Psychi-
atric comorbidity with many chronic physical disorders 
has remained neglected. Evidence base of  prevalence and 
causal relationship of  psychiatric comorbidities in these 
disorders has been highlighted and strategies to meet the 
challenge of  comorbidity have been indicated.

In our study on 2000 outpatient population, preva-
lence of  medical diseases in mental illnesses, temporal 
relationship between appearance of  medical diseases and 
mental illnesses and, whether treatment of  mental illness 
is suitable for medical condition were cross-sectionally 
analysed,  the rate of  calculated of  third axis co-diagnosis 
were as follows; 56% for mood disorders (MD), 42.3% 
for anxiety disorders (AD), and 38.3% for schizophrenia 
(S)[2]. The rate of  calculated of  third axis co-diagnosis 



were different between MD, AD and S as follows; hyper-
tension 34.4%, diabetes 23.6%, thyroid disease 18.5%, 
coronary arteria disease 13% in MD, hypertension 42.4%, 
respiratory disease 30.7%, gastrointestinal disease 25%, 
autoimmune disease 7% in AD, hypertension 65.3%, dia-
betes 14%, respiratory disease 12%, gastrointestinal dise-
ase 8% in S. The time interval between the beginning of  
disease to from now was detected as follows 6.19 ± 7.55/ 
7.12 ± 8.15, similar in mood disorders (r = 0.912). Co-
efficient of  correlation (r) were 0.265 and 0.425 for AD 
and S respectively (3.21 ± 3.15/8.34 ± 5.71 and 13.82 ± 
11.36/8.21 ± 8.55). Our results revealed that MD and 
medical disease appeared simultaneously. The pharmaco-
logically treatment of  MD, AD and, S insuitable to the Ⅲ. 
Axis diagnosis and, found as high valuable mean in.

In bipolar disorder (BD), metabolic syndrome is 
more prevalent than general population. A subgroup of  
bipolar patients have higher risk of  developing metabolic 
syndrome. Their habits, life styles, genetic susceptibil-
ity and choices of  treatment are variables determining 
this subgroup, childhood trauma may be another vari-
able. Metabolic syndrome has been reported at the rate 
of  35%-40% in bipolar patients. Metabolic syndrome 
encompasses obesity, diabetes, hypertension and dyslip-
idemia as cardiovascular risk factors. Although they are 
not among diagnostic criteria of  metabolic syndrome, 
proinflammatory and prothrombotic state are considered 
in the framework of  metabolic syndrome[3]. In our study, 
ICAM and VCAM levels measured at first manic episode 
were found to be higher than those found in subsequent 
remission period and healthy individuals. As our study 
group included only patients at first manic episode, there 
was no chronic effect of  psychotropics use on these re-
sults. According to these results, probable cardiovascular 
disease (CVD) risk, reflected by increased ICAM and 
VCAM levels, is already present at the onset of  the dis-
ease in bipolar patients[4].

Exploring the biological pathways that could account 
for the observed link show that dysregulated inflamma-
tory background could be a common factor underlying 
metabolic syndrome and MD. Comorbid medical illnesses 
in bipolar disorder might be viewed not only as the conse-
quence of  health behaviors and of  psychotropic medica-
tions, but rather as an early manifestation of  a multi-sys-
temic disorder[5]. It is also necessary to look for subgroups 
of  MD based on their rates of  comorbid disorders.

Psychiatric and medical diseases have a two-way relati-
onship, and may have some effects on each other’s clinical 
appearance and clinical course,  treatment options and cho-
ices as they affect the possibility of  keeping links to carry 
the etiologic causes. The lifespan of  people with serious 
and chronic disorders, such as mood disorder, decrease by 
30% because of  untreated medical diseases[6]. Obesity and 
diabetes are most common metabolic disease, related  hy-
pertension, dyslipidemia and cardiovascular disease. 

OBESITY
Obesity is a leading cause of  preventable death and the 

prevalence of  overweight and obesity is increasing. A sur-
vey of  4.115 adult conducted in 1999 and 2000 as part of  
the National Health and Nutrition Examination Survey 
found that 64.5% of  the population is overweight and 
30.5% is obese[7]. A separate, smaller study of  50 bipolar 
patients, found an obesity rate that was only slightly hig-
her (32%)[8]. In this study, most of  the weight gain occur-
red during acute rather than maintenance treatment, and 
the increase in body mass index (BMI) was related to seve-
rity of  depressive episode. Although several studies have 
found significant obesity in bipolar patients[9]. It is difficult 
to ascertain the degree to which the obesity is secondary to 
medications used to treat bipolar disorder or to the illness 
perse[10]. In our study rate of  overweight was 62% and obe-
sity 8% of  the first episode manic patients[11]. Longitudinal 
studies of  children and adolescents have found a positive 
association of  major depressive disorder with adult BMI. 
This association persisted even after controlling for age, 
gender, substance abuse, socioeconomic level and medi-
cation exposure[12]. 

Atypical antipsychotic medications are associated 
specifically with central obesity, which occurs when the 
main deposits of  body fat are localized around abdomen. 
Accumulating evidence suggests that central deposition 
of  body fat is a risk factor independent of  overall obesity 
for mortality due to cardiovascular disease and type Ⅱ 
diabetes[13]. In our study BMI was predictive variable of  
the diabetes in first episode mania[11]. Other medications 
used the treatment affective disorders, including lithium, 
valproate, and some antidepressants, have also associated 
with weight gain. Thus far, there has been less concern 
regarding the development of  metabolic syndrome with 
this drugs than with the atypical antipsychotics.

Beyond weight gain caused medications, symptoms of  
depressive episode itself  can lead to obesity. Depressed 
mood leads to lower levels of  activity. Depressive episo-
des with atypical features such as hyperphagia, hypersom-
nia, leaden paralysis and carbohydrate craving are more 
liable to lead to weight gain. In the majority of  bipolar 
patients, however, depressive symptoms are far more 
frequent than manic symptoms[14]. Depression is often 
accompanied by hypercortisolemia, which is also associ-
ated with central obesity. Even in the context of  normal 
body weight, hypercortisolemia has been associated with 
excess visceral fat deposition as measured by computed 
tomography scan[15]. A national survey of  40.086 adults 
examined the relationship between body weight was as-
sociated with major depression and suicidal ideation and 
suicide attempts[16].       

DIABETES
Because overweight and obesity are associated with dia-
betes, many risk factors that have been linked to weight 
gain apply also to the development of  diabetes. The 
prevalence of  reported diabetes mellitus was found to be 
approximately three times higher in a sample of  345 hos-
pitalized bipolar patients than in the general population 
(3.4%)[17]. Patients in this sample also had a more severe 
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course of  their mood disorders such as rapid cycling 
and chronic course[18]. In a recent work which takes its 
sampling from the society, the ratio of  present diabetes 
diagnosis among bipolar diagnosed cases is found to be 
higher than healthy individuals (10.8%)[19].

A subgroup of  bipolar disorder patients are under 
risk of  developing diabetes[9]. Their habits and life styles, 
genetic predisposition and treatment options are param-
eters that define this sub-group[12]. Metabolic syndrome 
and glucose abnormalities are reported between 18% and 
30% in bipolar cases[18]. Among these, 7% are diabetes, 
while 23 % are pre-diabetes abnormalities.  

Besides, the level of  HbA1c in nonmedicated bipolar 
cases was found to be higher than the healthy controls[20]. 
In another similar study, hyperglycemia was found to be 
43.5% in bipolar patients evaluated at the beginning of  
acute episode treatment[21]. According to the same study, 
4.3% of  the patients are under antidiabetic treatment. In 
a study of  cases that exhibit violent (homicidal) behavior 
conducted by Langevin et al[22], it was reported that diabe-
tes prevalence was found higher in the sampling group, 
and more importantly, diabetes diagnosis was missed out 
in more than 25% of  the cases[22]. In the same group it 
was stated that manic and psychotic findings were found 
often and especially among the younger cases, injury 
crime was not rare. 

In our study, DM diagnosis was determined as 18% 
among first manic episode bipolar cases. When evaluated 
with glucose metabolism abnormalities, this ratio be-
comes 64%[11]. In late onset bipolar cases evaluating cases 
aged over 50, 42% of  cases have manic episode diagnosis 
related to general medical condition. In general medical 
conditions, the ratio of  diabetes is 50%[12].   

Dysregulation of  the hypothalamic-pituitary-adre-
nocortical axis occurs frequently in patients with mood 
disorders. Hypercortisolemia associated with depressive 
states can lead to insulin resistance. Elevated levels of  
cortisol can lead to decreased insulin receptor sensitivity 
through currently unknown mechanisms[14].

A more hypothetical link between bipolar disorder 
and diabetes relates to intracellular signal transduction 
involving the enzyme glycogen synthase kinase-3-beta 
(GSK-3β). Glycogen synthetase kinase (GSK3) is a ser-
ine/threonine kinase that is a responsible enzyme from 
the cyclic mechanisms of  the cell, gene expression, onco-
genesis and neuronal protection[23]. Hippocampal volume 
and BDNF level decrease in diabetes[7]. Animal studies 
show that in diabetes-related depression, neurogenesis is 
inhibited in dentate gyrus[24]. 

Alterations in GSK-3β functioning play role in in-
sulin resistance. Insulin inhibits GSK-3β which result 
enhanced glucose transport into skeletal muscle. Insulin 
mediated inhibition of  GSK-3β leads as well to increased 
glucose utilization and the production of  glycogen[25]. 
GSK-3β is also one of  targets for lithium action. Lithium 
significantly inhibits brain GSK-3β at concentrations re-
levant fort he treatment bipolar disorder. Disturbances in 
the GSK-3β signal transduction pathway associated with 

diabetes may affect the viability of  neurons that play a 
role in mood stabilisation. Diminished insulin mediated 
inhibition of  GSK-3β may have an effect opposite to that 
of  lithium and may ultimately lead to an accentuation of  
psychiatric symptoms related to bipolar disorder. Besides, 
in a clinical study intranasal insulin was found to be more 
effective than placebo on cognitive distortion in unipolar 
and bipolar euthymic cases[26]. 

When patients with diabetes are being treated, lithium 
should be used with care. Patients with juvenil onset 
insulin dependent diabetes are susceptible to diabetic 
nephropathy, and the risk is increased by the presence of  
hypertension. On the other hand, there is evidence that 
when lithium is combined with an oral antidiabetics or 
insulin, it has an assisting hypoglycemic effect in diabetic 
patients[27]. Lithium increases the sensitivity of  glucose 
transport and metabolism in skeletal muscle and adiposy-
tes. This effects similar to the effects of  exercise.

In our study, free T4 levels have been found higher 
in diabetic first episode manic patients than nondiabetic 
first episode manic patients[11]. Thyroid Releasing Hor-
mone (TRH -which is an endogen like antidepressant 
neuropeptide-) decreases the expression of  GSK3-β[28]. 
GSK3-β activity, which increases in the manic phase of  
bipolar disorder, may be causing the reactive increase of  
free T4 by suppressing TRH.   

In diabetic bipolar cases, triglyceride and cholesterol 
levels and BMI are determined as higher[11]. Triglyceride 
level and BMI are predictors in third and fourth order in 
regression analysis. When diabetes is in question, these 
findings are not a surprise, such that diabetes develop-
ment is together with lipid metabolism abnormalities[10]. 
Also in our study, there is a correlation between triglyc-
eride levels with fasting blood glucose and blood glucose 
level at the first hour of  oral glucose tolerance test[11]. 
There is a stronger correlation between BMI with fasting 
blood glucose and HbA1c. In a recent work, the preva-
lence of  obesity among bipolar cases was reported as 
39.1%[29]. In the same study, high BMI, chronic course, 
longer disease period, lower functionality scores are 
shown to be comorbid with prevalent anxiety disorder, 
hypertension, diabetes and other diseases frequently. Ad-
ditionally, in cases that show remission with lithium, BMI 
was found lower. In bipolar cases evaluated by Kim et 
al[21] at the beginning of  acute period treatment, the ratio 
of  hyperglycemia was determined as 43.5%. In the same 
study, 4.3% of  the cases are under antidiabetic treatment, 
while 1.1 % of  the cases are under anticholesterolemic 
treatment. There is hypercholesterolemia in 20.7% of  the 
cases and obesity in 30.4% of  the cases. All these find-
ings should be considered as to question if  the bipolar 
disorder itself  acts like metabolic syndrome.  

Increasing number of  evidence shows that there 
is a bidirectional connection between mood disorders 
and some medical diseases[30]. Glucocorticoid/insulin 
signal mechanisms and immunoinflammatory effector 
systems are junction points that show pathophysiology 
between bipolar disorder and general medical situations 
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susceptible to stress[7]. In BD, the changes in brain energy 
metabolism and brain glucose metabolism may be im-
portant in BD pathophysiology[31]. Noradrenalin (NA), a 
signal molecule in the central nervous system, which has 
etiologic importance for many diseases is an important 
neurotransmitter in BD etiology[32]. High noradrenergic 
tonus, which is determined mostly genetically, may de-
velop susceptibility for more than one medical and men-
tal diseases in a wide spectrum for many people. So that, 
hypertension, progressive weight gaining, diabetes and 
mania are all conditions in which noradrenergic tonus 
increases. Since 1987, the prevalence of  hypertension has 
been reported to be elevated (14%) in bipolar patients, 
compared to normal population (5.6%) and to unipolar 
depression (5%)[5]. This was replicated in several studies 
in USA and in Europe. While the largest study involving 
25339 bipolar patients and 113698 controls found an in-
creased rate of  new-onset cases of  hypertension among 
bipolar patients compared to general population and to 
schizophrenic cases. 

Impaired fatty acid and phospholipid metabolism may 
be a primary cause of  depression in many patients and 
may explain the interactions with other diseases. Post-
mortem analysis of  brains of  bipolar patients revealed 
that in orbitofrontal cortex of  those subjects reduced 
DHC levels were detected due to elevated saturated fatty 
acids and arachydonic acid metabolism[31]. In manic pati-
ents both DHA and arachydonic acids levels were incre-
ased[33]. The same fatty acids and phospholipid mediated 
disruption of  secondary messaging systems in BD is also 
operative in diabetes and vascular disease[34].  

Hepatic steatosis, is more frequent among peop-
le with diabetes and obesity, and is almost universally 
present amongst morbidly obese diabetic patients. the 
links between hypercortisolism and obesity/metabolic 
syndrome, they hypothesize that this low prevalence of  
fat accumulation in the liver of  patients with Cushing’
s syndrome could result from the inhibition of  the so-
called low-grade chronic-inflammation, mainly mediated 
by interleukin 6, due to an excess of  cortisol, a hormone 
characterized by an anti-inflammatory effect[35]. Moreover, 
insulin resistance is associated with lower serotonin levels. 
Visceral obesity, strictly linked to hepatic steatosis is spe-
cifically associated with mild to severe somatic affective-
depressive symptom clusters. Previous data support the 
view that depression involves serotonergic systems, refle-
cting low levels of  urinary 5- hydroxy-3-indoleacetic acid 
(5-HIAA). In Tarantino et al’s study[36], among metabolic 
indices, cholesterol, HDL-cholesterol, triglycerides and 
uric acid were not able to predict urinary concentrations 
of  5-HIAA, which were not associated with hepatic stea-
tosis; vice versa, ferritin levels, and mainly HOMA values, 
were independent predictors of  the urinary excretion of  
5-HIAA. Dystimia/depression severity was negatively 
predicted by urinary 5-HIAA levels in the sense that the 
highest BDI values were forecast by the lowest values of  
urinary 5-HIAA. The importance of  measuring the 24-h 
urinary excretion of  5-HIAA in follow-ups could rely on 

a method simultaneously mirroring the well-being status, 
the adherence to physical activity, which leads to impro-
ved insulin sensitivity, and the eating habits acquired by 
dystimic/depressed overweight/obese patients. In con-
trast, the significance of  the urinary 5-HIAA is reduced 
in evaluating the severity of  hepatic steatosis, likely beca-
use it is a structured process.

Recently, an increasing number of  susceptibility vari-
ants have been identified for complex diseases. Somatic 
gene conversion and deletion were shown for BD, coro-
nary arterial disease, rheumatoid arthritis, Chron’s disease, 
hypertension and diabetes[37]. In a study of  Lehne et al[38], 
comorbidity is mentioned between BD, Chron’s disease 
and diabetes. At the same time, the concern of  “missing 
heritability” has also emerged. There is however no uni-
fied way to assess the heritability explained by individual 
genetic variants for binary outcomes. A systemic and 
quantitative assessment of  the degree of  “missing herita-
bility” for complex diseases is lacking. The diseases under 
evaluation included Alzheimer’s disease, bipolar disorder, 
breast cancer, coronary artery disease, Crohn’s disease, 
prostate cancer, schizophrenia, systemic lupus erythema-
tosus (SLE), type 1 diabetes and type 2 diabetes[39]. The 
median total variance explained across the 10 diseases 
was 9.81%, while the median variance explained per as-
sociated SNP was around 0.25%. These results evaluated 
according to environmental impact assessment. This is 
because methylations and demethylations of  DNA con-
tinue in primordial germ cells during of  development 
within the terms of  epigenetic principles. In fact, a subs-
tantial proportion of  heritability remains unexplained for 
the diseases. 

CONCLUSION
Medical disease in adults had a significant relationship to 
adverse life experiences in childhood (ACE). Examples 
of  the links between childhood experience and adult 
biomedical disease are the relationship of  ACE score to 
obesity, diabetes, coronary artery disease chronic obstru-
ctive pulmonary disease and autoimmune disease[40]. This 
illustrates that adverse experiences in childhood are rela-
ted to adult disease by two basic etiologic mechanisms: (1) 
conventional risk factors that actually are compensatory 
behaviors, attempts at self-help through the use of  agents 
and foods; (2) the effects of  chronic stress as mediated 
through the mechanisms of  chronic hypercortisolemia, 
proinflammatory cytokines and other stress responses on 
the developing brain and body systems, dysregulation of  
the stress response and pathophysiological mechanisms 
yet to be discovered. There is some biological correlates 
for adverse life experiences of  childhood in bipolar pati-
ents. Early menarche and EEG abnormalities are some 
of  them[41-43]. 

Individuals reporting a history of  any childhood 
adversity had higher systolic and diastolic blood pres-
sure[44]. Among subjects with a history of  sexual abuse, 
a significant proportion met criteria for obesity, a trend 
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toward overweight was found for subjects with a his-
tory of  physical abuse, although this relationship did not 
remain significant after adjusting for potential confound-
ers. There was no statistically significant difference in the 
overall rate of  dyslipidemia and/or metabolic syndrome 
between subjects with and without childhood adversity. 
The results herein provide preliminary evidence sug-
gesting that childhood adversity is associated with meta-
bolic syndrome components in individuals with mood 
disorders. An association between stressful events and 
episode recurrences has repeatedly been found in bipolar 
patients[45]. 

Psychological stress also may activate inflammatory 
responses in the brain[46]. The theoretical model frames 
the depressive episode as being a repair response to 
stress induced neuronal microdamage that can grade into 
a chronic neuroinflammatory condition. Cardiovascular 
damage and atherogenic changes could be a by-product 
of  this process. One of  the mechanisms whereby psy-
chosocial stress influences both peripheral and central 
inflammatory cascade, is coordinated by autonomic 
nervous system. Thus, the release of  noradrenaline and 
adrenaline follows the activation of  the sympathetic sys-
tem and induces the activation of  both alpha and beta 
adrenoreceptors on immune cells thereby initiating the 
release of  pro-inflammatory cytokines via the nuclear 
factor-kappa-beta cascade[47]. The brain is now known to 
be directly influenced by peripherally derived cytokines 
and gluco-corticoids as well as immune cells, which can 
access the brain through leaky blood-brain barrier and/or 
by activation of  endothelial cells that line the cerebral 
vasculature, or bind to cytokine receptors[48].

A public health paradox is implicit in these obser-
vations. One sees that certain common public health 
problems, while being often also unconscious attempted 
solutions to major life problems, harken back to the de-
velopmental years. The idea of  the problem being a solu-
tion, while understandably disturbing to many, is certainly 
in keeping with the fact that opposing forces routinely 
coexist in biological systems. Clinical evidence suggests 
that metabolism and emotion homeostasis might share 
common mechanisms.  
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Abstract
Both pseudocyesis and delusional pregnancy are said 
to be rare syndromes, but are reported frequently in 
developing countries. A distinction has been made be-
tween the two syndromes, but the line of demarcation 
is blurred. The aim of this paper is to review recent 
cases of pseudocyesis/delusional pregnancy in order 
to learn more about biopsychosocial antecedents. The 
recent world literature (2000-2014) on this subject 
(women only) was reviewed, making no distinction be-
tween pseudocyesis and delusional pregnancy. Eighty 
case histories were found, most of them originating 
in developing countries. Fifty patients had been given 
a diagnosis of psychosis, although criteria for making 
the diagnosis were not always clear. The psychological 
antecedents included ambivalence about pregnancy, 
relationship issues, and loss. Very frequently, pseudo-
cyesis/delusional pregnancy occurred when a married 
couple was infertile and living in a pronatalist society. 
The infertility was attributed to the woman, which re-
sulted in her experiencing substantial distress and dis-
crimination. When antipsychotic medication was used 
to treat psychotic symptoms in these women, it led to 
high prolactin levels and apparent manifestations of 
pregnancy, such as amenorrhea and galactorrhea, thus 

reinforcing a false conviction of pregnancy. Developing 
the erroneous belief that one is pregnant is an under-
standable process, making the delusion of pregnancy a 
useful template against which to study the evolution of 
other, less explicable delusions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: It is usually impossible to distinguish between 
pseudocyesis and delusional pregnancy. Both occur 
primarily in developing countries, and especially where 
there is strong familial and cultural pressure on women 
to be fertile. The delusion starts in a climate of appre-
hension and develops when sensory perceptions are 
interpreted as signifying pregnancy, despite evidence 
to the contrary. Understanding this delusion can help to 
understand other, more unusual false beliefs. 
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INTRODUCTION
It is not uncommon for women to believe that they are 
pregnant when they are not. In jest this has been called 
“jestation”. But it ceases being a jest when the preoc-
cupation with pregnancy becomes an over-valued idea 
or a delusion. In women suffering from psychosis, delu-
sional pregnancy is not uncommon, especially since the 
advent of  antipsychotic medications, which, by virtue of  
inhibiting dopamine secretion, raise prolactin levels to 
produce amenorrhea, breast swelling/tenderness, and ga-
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lactorrhea-akin to the somatic experience of  pregnancy[1]. 
Moreover, antipsychotic drugs are associated with consid-
erable weight gain, distending the abdomen and adding 
to a misperception of  pregnancy. Even when there has 
been no prior sexual activity, fantasy-prone women can 
find ways of  convincing themselves that they are preg-
nant. They imagine the implantation occurring by magic 
or through the wizardry of  advanced reproductive tech-
nology. Such was the case of  a 17-year-old girl reported 
by Manoj[2], who believed she was carrying a “test tube 
baby”. Cruzado describes a further case where the imag-
ined pregnancy was a product of  “artificial insemination” 
and two more cases where impregnation was believed to 
have occurred via telepathy[3].

Another example was a patient (now deceased) who 
attended the Women’s Clinic for Psychosis in Toronto, 
Canada[4].

CASE ILLUSTRATION
AC, a single 60-year-old woman, suffered from schizo-
phrenia since age 16. After several inpatient admissions, 
she was being treated with depot antipsychotic medica-
tion, and was living independently, never completely free, 
however, of  auditory, olfactory, and somatic hallucina-
tions, nor of  delusional thinking. At different times in her 
life AC developed romantic fantasies about men she met, 
her latest fantasy involving her psychiatrist, Dr. J. She 
knew Dr. J. was a married man but allusions to him on 
TV convinced her that he reciprocated her interest. After 
she watched a wedding on TV, she was persuaded that 
she and Dr. J. were secretly married. She began wearing a 
wedding ring and to believe that she was pregnant. 

When asked how she could be pregnant since she had 
never had sexual relations, she stated that the depot injec-
tion she received monthly (prescribed by Dr. J.) had suc-
cessfully implanted Dr. J.’s seed in her body and that she 
would soon be giving birth to his child. 

A distinction has been drawn between pseudocyesis, 
where signs of  pregnancy are demonstrably present (ab-
dominal swelling, menstrual disturbance, spotting, the re-
port of  quickening, breast tenderness and engorgement, 
weight gain, galactorrhea) and delusions of  pregnancy, 
where there may be cessation of  menstrual periods and 
abdominal distension, but no other outward signs[5]. The 
first is said to be a somatoform disorder while the second 
is a symptom of  psychosis[6]. More recently, however, 
with the growing recognition that elevated prolactin lev-
els can lead to many of  the signs of  pregnancy, the two 
conditions (pseudocyesis and delusional pregnancy) are 
conceptualized as occurring on a continuum, sometimes 
in women with no prior or subsequent psychiatric history, 
sometimes in the midst of  a depressive or related illness, 
sometimes in women suffering from ongoing psychotic 
illness[3,7]. What has been written about pseudocyesis ap-
plies equally well to the psychodynamics of  delusional 
pregnancy. It may also apply to a range of  related delu-
sions centering around procreation[8,9], from the convic-

tion of  having an intimate partner (when none in fact ex-
ists), of  being pregnant (when one is demonstrably not), 
of  not being pregnant when one indeed is[10], of  wrongly 
insisting, when in pain for other reasons, that one is un-
dergoing labor and delivery[11], to the false idea of  being 
a parent, a potentially dangerous delusion that has been 
known to lead to the kidnapping of  other people’s chil-
dren[12].

In an effort to better understand the birth of  delu-
sions in general, the aim of  this review is to focus on 
psychological, biological, and sociocultural antecedents as 
described in modern case reports of  pseudocyesis. 

The pertinent literature (Google Scholar, Pub Med 
databases) after the year 2000 was searched with the 
following terms: pseudocyesis, delusion of  pregnancy, 
false/imaginary/phantom/pseudo/spurious pregnancy. 
All languages were included. Delusional pregnancy occur-
ring in men or in species other than human was excluded. 
All the papers consisted of  case reports except two[7,13], 
which used case control study designs. 

EPIDEMIOLOGY
The case of  AC described above from the Women with 
Psychosis Clinic is the 80th instance of  delusional preg-
nancy/pseudocyesis reported since 2000, the 50th in 
whom the delusion emerged in the context of  a prior 
psychotic illness. Although diagnosis is not always clear 
in the published reports, this suggests that, in most cases 
described in recent years, the affected women suffer from 
a concomitant psychotic illness. In the past, pseudocyesis 
has been reported as rare but, in developing countries, 
India[14] or sub-Saharan Africa[15], it is considered fairly 
common. It has a reported occurrence rate in Africa of  
1 in every 344 pregnancies[16]. Over a period of  5 years, 
of  486 women with abdominal distension in Ghana who 
came for sonography thinking they might be pregnant, 
three were diagnosed with pseudocyesis (of  the others, al-
most half  had fibroids, 10% had a benign ovarian tumor, 
10% had cancer of  the cervix with ascites; about 7% suf-
fered only from obesity)[17]. In Nigeria[18], five out of  242 
women who came for sonography for gynecological com-
plaints referable to the lower abdomen were diagnosed 
with pseudocyesis. Out of  3200 women presenting for 
infertility treatment in a teaching hospital in Sudan over a 
five-year period, 20 were diagnosed with pseudocyesis[19].

Though once said to occur only 1-6 times per 22000 
births in the West[20], Moselhy et al[21] reported in 2000 
that they ascertained three cases in a six month period 
on an acute psychiatric ward in Birmingham, United 
Kingdom.

The majority of  cases of  pseudocyesis are described 
in reproductive age women and 80% of  the affected 
women are said to be married.

PHENOMENOLOGY
Delusional pregnancy can present as a monothematic de-
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lusion[22,23] or, more commonly, in association with other 
delusions (polythematic delusions). Delusional preg-
nancy has presented in conjunction with Clerambeault’
s syndrome, as in the case of  AC, or with Capgras syn-
drome[24]. It can present as a form of  couvade syndrome, 
a “copy cat pregnancy” when a loved (and/or envied) in-
timate becomes pregnant[25-27]. It can be transient or long 
lasting, corrigible (or not) by demonstrated evidence, ed-
ucation, cognitive behavioral therapy, or psychopharma-
ceutical agents. It can be primary or appear in the context 
of  medical conditions that cause abdominal distension 
such as fibroids[28], urinary retention[29], polydipsia[30], met-
abolic syndrome[31], tubal cyst[32] or abdominal pain such 
as cholecystitis[11]. Sonographs have picked up a number 
of  additional potential causes of  abdominal distension 
that can accompany pseudocyesis[33], such as abdominal 
neoplasm or enlarged liver. Neurological conditions can 
be associated with this delusion as, for instance, fronto-
temporal lobar degeneration[34,35]. Endocrine disturbance 
such as hypothyroidism can present as pseudocyesis[27]. 
It has been associated with the postpartum state[36], with 
premature menopause[37] and with high progesterone 
levels[38]. Most especially, pseudocyesis has been tied to 
hyperprolactinemia because elevated prolactin levels lead 
to many of  the symptoms of  pregnancy[1]. Hyperprolac-
tinemia can result from psychological stress, especially 
the stress that accompanies a psychotic episode, inde-
pendent of  antipsychotic medication[39]. Prolactin levels 
can be raised by many organic conditions and by nipple 
stimulation as well as by drugs such as estrogens, antide-
pressants, antihypertensives, protease inhibitors, opiates, 
benzodiazepines, cimetidine, and dopamine blockers[40]. 

Antipsychotic drugs are all dopamine blockers and 
all raise prolactin level to some degree, some more than 
others, in a dose dependent fashion[41]. This means that 
women suffering from psychosis who are being treated 
with these agents often perceive body changes that they 
may associate with pregnancy[1]. This has been reported in 
several of  the cases published since 2000[42-47]. Ahuja and 
Moorehead[13] describe six cases of  pseudocyesis. Four of  
the six had been pregnant before and likened their cur-
rent experience of  high prolactin levels to the feeling they 
had during past pregnancies. In all six of  these patients, 
the ideas/delusions of  pregnancy disappeared soon after 
a change to a relatively prolactin-sparing antipsychotic.

Patient attributions-reasons given when confronted 
with the fact that blood tests and sonography were nega-
tive despite their own certainty that they were pregnant-
vary according to cultural tradition and degree of  patient 
education or sophistication. Absence of  a fetus on so-
nography was explained by one patient by the probability 
that the fetus had migrated from her uterus to her back 
where he/she was hidden from view by bone and mus-
cle[32]. A patient described by El Ouazzani[30] who had had 
six separate episodes of  delusional pregnancy explained 
the pregnancies and the failure to confirm on possession 
by the devil. One of  Dalfallah’s patients[19], one of  three 
wives in a polygamous marriage, attributed both her orig-

inal infertility and her current “invisible” pregnancy to 
the envy of  her husband’s other wives and the witchcraft 
they exerted. Ruzanna and Marhani’s patient[48] explained 
the apparent “loss” of  her pregnancy by calling upon the 
Malay tradition of  orang bunian, evil spirits taking pos-
session of  developing fetuses. 

PSYCHOLOGICAL ANTECEDENTS
According to both Koic[49] and Ibekwe[15], pseudopreg-
nancy always occurs in the context of  a simultaneous 
wish and fear of  pregnancy, e.g., emotional conflict, stress, 
and ambivalence. It should be noted, as an aside, that an-
ticipation and fear will substantially raise prolactin levels 
in many women, thus mimicking signs of  pregnancy[50]. 
When there is pressure to conceive and simultaneous fear 
of  pregnancy, the ground is laid for this form of  delu-
sion. Ambivalence may arise when a pregnancy, though 
unwanted, is seen as a possible means of  recapturing a 
wayward lover, as illustrated in the case of  the 15-year-
old girl reported by Skrabic[51]. For women who live in so-
cieties where womanhood is defined by motherhood, as 
described in Dafallah[19], pregnancy, however problematic 
the circumstances, may still be wished for. In societies 
where women are rated by the number of  their sons[14], 
a woman with only daughters will zealously pursue preg-
nancy, but ambivalently, fearing the birth of  another girl. 
Simon[36] describe pseudocyesis among the Roma in rural 
Hungary where there is strong social pressure to become 
pregnant as soon as possible after marriage. At the same 
time, there is a high rate of  maternal death during labor 
and delivery, making women ambivalent about pregnancy.

It was impossible to ascertain, in most of  the case 
histories, whether the women described were infertile. 
Infertility, whether due to lack of  a partner, menopause, 
gynecologic problems, prior sterilization, or concomitant 
illness, heightens the wish for pregnancy, while its very 
impossibility can fuel magical fantasies[15]. The timing of  
emergence of  the delusion often coincides with the early 
stages of  menopause[5,30,49,52,53], inferring that infertility 
plays a triggering role. Sometimes the timing suggests 
that the delusional pregnancy serves to compensate not 
only for the loss of  fertility, but for loss in general. In 
the report by Marusic, the patient came to hospital a year 
after the death of  her father, delusionally convinced that 
she was about to deliver a baby[46]. In Grover[44] a 46-year-
old woman developed a psychosis two months after the 
death of  an only son. The psychosis was treated with 
antipsychotic drugs, resulting in hyperprolactinemia and 
weight gain. Still on her medication, on the first anniver-
sary of  her son’s death, the patient became convinced 
(falsely) that she was pregnant, that she felt fetal move-
ments, and that the new baby was a male. 

Some authors have suggested other related anteced-
ents to the delusion of  pregnancy such as social isola-
tion, so that a baby becomes a hoped-for companion[54]. 
Ibekwe[15] has suggested that women’s perception of  their 
inherent powerlessness in a patriarchal society leads to 
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the development of  pseudocyesis. Women in many devel-
oping countries, cannot compensate for lack of  children, 
as can women in the West, by succeeding in a career, or 
making money in business or going out to war. Being 
pregnant (and gaining status thereby) is their one source 
of  power. 

In fact, because pregnancy is a highly respected state 
and women are treated especially well during this time by 
their spouses, in-laws, and society in general, giving up 
the pregnant state may be psychologically difficult. Simon 
et al[36] describe two cases where a delusional pregnancy 
occurred shortly after delivery, during the postpartum pe-
riod, and seemed to be motivated by the wish to continue 
to be treated as if  pregnant. Pregnancy confers advan-
tages. In Muslim cultures, a husband cannot divorce his 
wife while she is pregnant[55]. In some religious traditions, 
pregnancy and breast-feeding absolve women from un-
wanted sexual activity[56]. 

From the results of  their series of  cases, Rosch et al[7] 
conclude that false pregnancy can be an unconscious 
adaptive strategy to guard against loss of  a relationship. 
This view is seconded by Ibekwe[15] whose case describes 
an imagined pregnancy that brought the patient personal 
fulfillment, stability to her marriage and newfound accep-
tance from her in-laws. Ibekwe suggests that the delusion 
solved the dilemma faced by this infertile woman in a cul-
ture (Nigeria) that places immense value on children not 
only because procreation is religiously mandated, but also 
because it is economically necessary for survival and gen-
erational continuity. In sub-Saharan Africa, infertility is 
said to affect one third of  all couples[57], is always blamed 
on the woman, and leads to discrimination and abuse[58]. 
In developing countries, violence against infertile women 
is reported to occur in 10 to 60 percent of  instances[59,60].
 
EFFECTS OF CULTURE
Although perceived infertility is not always at the heart of  
delusional pregnancy[61], it contributes, more so in some 
social contexts than in others[62]. Infertility can cause 
extreme levels of  distress[63,64], especially in developing 
countries where childlessness is never an acceptable op-
tion for married women, and where infertility treatments 
are often not available.  Even where they are financially 
available, Islamic law forbids sperm and ova donations, 
as well as surrogacy[65]. Adoptions are also forbidden in 
most interpretations of  Islamic law[66] because preserva-
tion of  hereditary lineage is important. Infertility, though 
often caused by the male partner, is attributed, almost 
always in developing countries, to the woman[61]. A child-
less woman is viewed as a failure and is rejected by her 
husband and his family, as described in ethnographic 
studies carried out in the countries where pseudocyesis 
appears to be relatively commonplace[67-70].

Pronatalism, the belief  that a woman’s social value is 
linked to her production of  children is strong in devel-
oping countries[71]. Only the presence of  children gives 
a woman the right to share in her husband’s property 

in sub-Saharan Africa. Infertility can be just cause for 
divorce or, in polygamous societies, justification for the 
husband taking another, more fertile wife[55,61]. The para-
dox is that infertility is relatively common in these same 
countries because of  the prevalence of  genital infection 
spread by unprotected sexual contact and because of  un-
sanitary obstetric practices. To make matters worse, infant 
mortality is also high in many of  these regions, partly be-
cause of  the popularity of  consanguineous marriages[72]. 
This translates into pressure on couples to give birth to as 
many children as possible, to insure against loss. In some 
traditional societies, the pressure to produce children is 
experienced as coming not only from family members 
but also, importantly, from dead ancestors who may feel 
wronged by the lack of  descendants, and take revenge[73].

The role of  cultural factors is evident in the identifi-
cations that women sometimes make when they develop 
a delusional pregnancy. The best illustration of  this is in 
Battacharyya and Chaturvedi[6] who describe a woman 
from Bangalore India who believed that, in a previous 
birth, she had been the wife of  the Hindu god Lord 
Rama and was now pregnant by him. In Hindu legend, 
Rama and his wife Sita are the personifications of  ideal 
love, but are destined to be separated from each other. 
Furthermore, Sita (like the woman in question) gives 
birth to her twin sons when she is alone. 

Where it is commonplace to believe that magic and 
evil spirits can cause disease, the distinction between a 
belief  and a delusion can be easily blurred, as in Saudi 
Arabia, for instance, where many believe that pregnancy 
does not require sexual contact, but can be induced by 
spirits[55].

BIRTH OF A DELUSION 
The delusion of  pregnancy, as exemplified by the 80 
cases reported since 2000, illustrates the circumstances 
of  birth and development of  a delusion. According to 
Conrad[74], the first stage, which he called “das trema” is 
a general feeling of  non-specific apprehension. This can 
be a result of  familial and societal pressures or personal 
aspirations to become pregnant despite obstacles such as 
infertility, old age, spinsterhood, ill health, poor marital 
relationship, or inadequate socioeconomic conditions. 
The general apprehension during this first stage may fol-
low the loss of  a child, or loss of  status, or loss of  a love 
relationship. The second stage of  delusion formation is a 
sensory perception, such as weight gain, or vaginal spot-
ting, or abdominal movement, or frequency of  urination. 
The same sensory perception may have occurred many 
times before but, this time around, as the person searches 
for what it might mean, it suddenly acquires extraordinary 
significance. This is the third stage, where meaning is at-
tached to an otherwise neutral sensation. The meaning, 
seemingly of  surreal importance so urgent is its message, 
appears “out of  the blue” (“Ah, I must be pregnant!”)[75]. 
It feels convincingly true because, in one fell swoop, it re-
solves the difficult dilemmas with which the woman has 
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been struggling (“How can I live without my son?” “How 
can I be a woman if  I’m infertile?” “How can I hold on 
to a man who is no longer interested?” “How can I avoid 
sex and still be a wife?”) [76]. How a person then deals with 
this momentous information depends on personal factors 
(health, education, reasoning ability, cognitive biases) and 
on situational factors (family, socioeconomics, culture, 
religion). Such factors may serve to dispel the delusion 
for want of  evidence and plausibility or they may serve 
to reinforce it by recalling traditional beliefs and fictional 
accounts[77].

FUTURE DIRECTIONS
A better understanding of  pseudocyesis/delusional preg-
nancy requires experimental study designs. Antecedents, 
onsets, and diagnoses could be compared in (1) women 
and men with this condition[78]; (2) fertile[61] and infertile 
women; and (3) pseudocyesis and other monothematic 
delusions such as Capgras syndrome or Cotard syn-
drome[79]. It may also prove interesting to compare, on 
the same variables, women who delusionally deny preg-
nancy[10] with those who delusionally insist, against all evi-
dence, that they are pregnant. Such careful comparisons 
will shed more light on this and other delusional condi-
tions. 
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Abstract
AIM: To characterize and compare our current series 
of patients to prior reports in order to identify any 
changes in the incidence of neurological injury related 
to hunting accidents in Rochester, New York.

METHODS: All tree stand-related injuries referred 
to our regional trauma center from September 2003 
through November 2011 were reviewed. Information 
was obtained from the hospital’s trauma registry and 
medical records were retrospectively reviewed for data 
pertaining to the injuries.

RESULTS: Fifty-four patients were identified. Ninety-
six percent of patients were male with a mean age of 

47.9 years (range 15-69). The mean Injury Severity 
Score was 12.53 ± 1.17 (range 2-34). The average 
height of fall was 18.2 feet (range 4-40 feet). All pa-
tients fell to the ground with the exception of one who 
landed on rocks, and many hit the tree or branches on 
the way down. A reason for the fall was documented 
in only 13 patients, and included tree stand construc-
tion (3), loss of balance (3), falling asleep (3), struc-
tural failure (2), safety harness breakage (3) or light-
headedness (1). The most common injuries were spinal 
fractures (54%), most commonly in the cervical spine 
(69%), followed by the thoracic (38%) and lumbar 
(21%) spine. Eight patients required operative repair. 
Head injuries occurred in 22%. Other systemic injuries 
include rib/clavicular fractures (47%), pelvic fractures 
(11%), solid organ injury (23%), and pneumothorax or 
hemothorax (19%). No patient deaths were reported. 
The average hospital length of stay was 6.56 ± 1.07 d. 
Most patients were discharged home without (72%) or 
with (11%) services and 17% required rehabilitation. 

CONCLUSION: Falls from hunting tree stands are still 
common, with a high rate of neurological injury. Com-
pared to a decade ago we have made no progress in pre-
venting these neurological injuries, despite an increase 
in safety advances. Neurosurgeons must continue to ad-
vocate for increased safety awareness and participate in 
leadership roles to improve outcomes for hunters.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Neurological sports medicine; Hunting; Tree 
stand falls; Spine injury; Traumatic brain injury

Core tip: Hunting is a popular sport and hunters have 
devised numerous ways to increase their advantage 
against their quarry. Tree stands have been developed 
to allow hunters better sight and increased protection. 
However, improper use, faulty construction, and other 
factors can increase the risk of injury, specifically to the 
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central nervous system. We present the data obtained 
at our institution over an eight-year period cataloging 
the injuries obtained while using tree stands. We have 
begun outreach to the community with our findings, 
with the goal of increasing awareness and education to 
reduce risks and increase hunter safety.

Pierre CA, Plog BA, Srinivasan V, Srinivasan K, Petraglia AL, 
Huang JH. Tree stand falls: A persistent cause of neurological 
injury in hunting. World J Clin Cases 2014; 2(8): 345-350  Avail-
able from: URL: http://www.wjgnet.com/2307-8960/full/v2/
i8/345.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i8.345

INTRODUCTION
Hunting is a popular sport and recreational activity na-
tionwide, with nearly 15 million licensed hunters in the 
United States and approximately 680000 in New York 
State according to the Fish and Wildlife Service[1]. Hunt-
ing is a favorite pastime for those in the Rochester, NY 
area that spans all age ranges. Hunters age 12 and above 
may obtain a hunting license in New York and most use 
bows or firearms to hunt a variety of  wildlife animals. 
Over time, hunters have developed various methods to 
improve the leisure of  the sport. One such method is the 
elevated tree stand.

Tree stands, also referred to as deer stands, are el-
evated platforms or seats that can be built in, nailed, 
locked, or rested up against a tree. Stands give hunters an 
advantage of  wider visibility, while decreasing the chanc-
es of  being detected by sight or scent[2-4]. Hunting tree 
stands can be commercial or homemade, and are usually 
installed 15 to 30 feet above ground. Commercial tree 
stands typically have a two-by-two feet platform seat, and 
may or may not be attached to the tree by safety belts, 
a harness, or straps. These safety straps are designed to 
help prevent the hunter from falling from the tree or 
stand. 

Hunting related accidents and injuries have been 
largely attributed to falls from tree stands[2]. This is the 
most common way hunters are injured, debunking the 
popular misconception of  intoxicated hunters sustain-
ing self-inflected ballistic injuries[5]. Estimates reveal that 
nearly 10% of  hunters who use tree stands are injured 
annually, and more than 75% of  tree stand injuries oc-
cur while using fixed position or climbing stands[6]. As 
much as 75% of  the time spent during a hunt is spent on 
tree stands, and tree stands are considered an essential 
component of  large game hunting[6]. In North America, 
nearly 85% of  hunters pursue large game (e.g., deer, elk, 
bear, turkey, etc.), suggesting that the overwhelming ma-
jority of  hunters have or will at some point use a tree 
stand[6]. When hunters fall from tree stands, they can 
reach a velocity of  up to 30 mph. Yet these common 
hunting-related accidents often go unreported as victims 
only present to hospitals with serious injuries[3,4,7].

Falls from tree stands can lead to high impact inju-
ries. One study demonstrated that 80% of  fall victims 
required operative interventions, and nearly 10% of  falls 
resulted in permanent neurological deficits or death[5]. 
The series of  common injuries were fractures to the spi-
nal cord, lower extremities, and traumatic brain injuries. 
The high morbidity of  falls from tree stands have led to a 
small series of  interventions to prevent devastating spinal 
cord injury through promoting the use of  safety har-
nesses publicly[8]. It appears these interventions were suc-
cessful as the incidence of  tree-stand associated accidents 
was significantly reduced. 

A previous study conducted nearly a decade ago at 
a Level I trauma center and Medical Examiner’s offices 
in Western New York and central Maryland previously 
identified 51 cases of  tree-stand associated injuries over a 
5-year period[2]. The majority of  injuries were spinal and 
extremity fractures. The most frequent reported reasons 
for falls were related to errors in placement of  the stand 
with subsequent structural failure, and errors climbing in 
or out of  the tree stand[2]. The need for hunter education 
was emphasized and the implementation of  trauma pre-
vention programs was suggested.

Our objective was to compile the current series of  
patients and the frequency and types of  injuries they sus-
tained. Additionally we wanted to compare our results to 
prior reports to identify any changes in the incidence of  
neurological injury related to tree stand hunting accidents. 

MATERIALS AND METHODS
All tree stand-related injuries evaluated at the University 
of  Rochester Medical Center’s Emergency Department 
between September 2003 and November 2011 were 
reviewed. Information was obtained from hospital’s 
trauma registry, and medical records were retrospectively 
reviewed for data pertaining to the injuries, with particu-
lar emphasis on neurological injuries and any associated 
details. The patients were identified based ICD-9 codes 
(e.g., E884.9: fall from one level to another) and further 
review of  the charts allowed us to select only falls that 
were sustained while hunting from a tree stand. Further 
data collected from the trauma registry included age, gen-
der, Injury Severity Score (ISS), Glasgow Coma Score at 
the time of  patient arrival, vital signs, intensive care unit 
(ICU) and hospital lengths of  stay (LOS), procedures, 
and discharge disposition. The study was approved by 
the University of  Rochester Medical Center institutional 
review board, and all investigators completed training in 
protection of  human subjects. 

RESULTS
A total of  54 patients were identified with tree stand 
related injuries during the study period.  Ninety-six per-
cent of  tree-stand associated falls occurred in men. The 
mean age was 47.9 years (range, 15-69). The mean Injury 
Severity Score was 12.53 ± 1.17 (range, 2-34). The aver-
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age height of  fall was 18.2 feet (range, 4-40 feet) (Table 
1). No correlation could be drawn from records between 
height of  the fall and the severity of  the injuries. All pa-
tients fell to the ground with exception of  one patient 
falling onto rocks, and many hit the tree or branches on 
the way down. There were no patient deaths related to 
tree stand falls. The direct mechanism contributing to the 
fall were documented in only 13 patients, and included 
tree stand construction (3 patients), loss of  balance (3 
patients), falling asleep (3 patients), structural failure (2 
patients), safety harness breaking (3 patients) or “light-
headedness” (1 patient) (Table 2). 

The most common injuries sustained were spinal 
fractures (54%). In these patients, fractures to the cervi-
cal spine were the most common (69%), followed by the 
thoracic (38%) and lumbar (21%) spine. These injuries 
included burst fractures, compression fractures, disloca-
tions, and spinal cord transections. One patient sustained 
injuries resulting in immediate C5 quadriplegia, while an-
other was paraplegic. Eight patients went to the operating 
room for fusion (Table 3). The remaining patients were 
treated nonoperatively with bracing and pain control. 

The tree stand falls resulted in head injuries in 22% 
of  patients (Table 3). Five patients suffered from facial 
lacerations. In addition, seven patients experienced loss 
of  consciousness throughout the course of  injury. 

Thoracic injury was a common injury in many of  the 
patients in this group. Pulmonary contusion was noted 
in four patients (7%). In 10 cases, patients developed a 
pneumothorax or hemothorax (19%), and eight of  these 
patients were treated with a chest tube (Table 4). The 
other associated non-neurological injuries include injuries 
to the thorax such as rib/clavicle fractures (47%), pelvic 
fractures (11%), and abdominal solid organ injury involv-
ing lacerations to the liver, spleen, or kidney (23%) (Table 
4).  

Patients endured extremity fractures in 54% of  the 
cases. The common injuries included fractures of  the 
lower extremity affecting the tibia, fibula, foot, and ankle 
(24%), upper extremity affecting the humerus, radius, and 
ulna (19%), and hip and pelvis (11%) (Table 4).  Fourteen 
patients went to the operating room for repair of  extrem-
ity fractures. 

The average hospital LOS was 6.56 ± 1.07. One pa-
tient required ICU care for 3 d. The discharge plans were 
home (72%), home with services (11%), and rehabilita-
tion placement (17%) (Table 1).

DISCUSSION
Hunting in the American outdoors remains a unique and 
popular recreational activity for all ages during various 
times of  the year. A myriad of  game animals (e.g., rabbit, 
pheasants, deer, etc.) are hunted with a variety of  weapons 
from bows to shotguns or rifles[9]. Hunters have become 
increasingly savvier in their techniques to evade detection 
from their prey; one tool has been the use of  tree stands 
or elevated platforms. Tree stands have given hunters an 
advantage of  wider visibility without revealing their posi-
tion by sight or scent[2,3]. However, with this advantage 
comes the increased risk of  injury associated with falls 
during the use of  these stands. The tree stands may be 
difficult to carry, offer minimal room for movement, and 
do not protect against poor weather[10]. Tree stands are 
typically located 15 to 30 feet above ground and can be 
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Table 1  Demographics and categorization of injuries

Metric If not specified (n  = 54)

Age (years with range) 47.9 (15–69)
Male gender (96)
Average fall (ft with range) 18.2 (4–40)
Average length of stay 6.56 ± 1.07
Disposition
  Home (72)
  Home with services (11)
  Rehabilitation (17)

Table 2  Reasons reported cause of falls n  (%)

Reported reason Falls (n  = 13)

Tree stand construction   3 (23)
Loss of balance   3 (23)
Falling asleep   3 (23)
Structural failure   2 (15)
Lightheadedness 1 (8)
Other 1 (8)

Table 3  Neurological injuries resulting from tree stand falls

Injury Patients (n  = 54)

Spinal column (54)
  Cervical spine (69)
  Thoracic spine (38)
  Lumbar spine (21)
  Requiring surgery (15)
Cranial vault/brain (22)

Table 4  Non-neurological injuries resulting from tree stand falls n (%)

Injury Patients (n  = 54)

Orthopedic
  Upper extremity 10 (19)
  Lower extremity 13 (24)
  Hip/pelvis   6 (11)
Abdominal
  Liver 2 (4)
  Kidney 3 (6)
  Spleen 5 (9)
  Other 2 (4)
Thoracic
  Pulmonary contusion 4 (7)
  Pneumo-/hemothorax 10 (19)
  Rib fractures 22 (41)
  Clavicle fracture 3 (6)
  Scapula fracture 1 (2)
  Sternal fracture 3 (6)
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attached to the tree by nails, locks, or straps. The patients 
in our study fell from a similar height (mean fall height of  
18.2 feet). As these individuals fall, the impact surface of  
their landing can be on hard surfaces, logs, and parts of  
hunting equipment adding another factor to the injury[5]. 

One particular study outlines that the duration of  the 
impact force from the nature of  the surface is the most 
important predictor of  injury severity[3]. Several other 
studies in the literature report serious injuries related to 
tree stand fall[2-8]. By and large, the incidence of  tree stand 
falls and related injuries has become one of  the leading 
causes of  hunting-related incidents. This information de-
bunks the popular misconception that intoxicated hunters 
sustain self-inflected ballistic injuries as a leading cause 
of  hunting-related incidents. In 2010, Crockett et al[5] dis-
covered that 50% of  the patients in their series sustained 
falls from tree stands compared to 29% that endured 
gunshot wounds in central Ohio. In our study we sought 
to characterize a current series of  patients and compare 
them to prior reports in order to identify any changes in 
the incidence of  neurological injury related to such hunt-
ing accidents. These efforts would help highlight areas to 
prevent the dangerous injuries from tree stand falls and 
improve patient safety measures through education. 

There are several types of  tree stands available. Some 
are made by commercial manufacturers using metal ma-
terials and others are homemade by hunters using wood. 
Only stands approved by the Tree Stand Manufacturers 
Association should be used, as many of  the homemade 
types are discouraged due to deterioration of  wood 
over time[11]. The Tree Stand Manufacturers Association 
(TMA), a group of  corporations organized for the pro-
motion of  safe hunting practices, estimates millions of  
tree stand units are sold each year in the United States. 
One limitation of  our study is that the type of  tree stand 
used by our patients was not information available to us. 

We identified 54 cases of  tree stand related injuries 
over an 8-year period at the University of  Rochester 
Medical Center. Our result remains consistent with the 
previous study done at this trauma center that detected 
27 cases over a 5-year period[2].  Our current study ob-
served that tree stand falls continues to make up a signifi-
cant portion of  hunting related accidents. Consequently, 
prior efforts to reduce the morbidity and mortality as-
sociated with tree stand falls have not been successful. 
This evidence suggests that tree stand safety must remain 
a priority for hunters and health care providers. The most 
common mechanisms of  the injury pattern noted in our 
study were due to tree stand construction, structural fail-
ure, loss of  balance, falling asleep, structural failure, and 
the safety harness breaking. In some cases patients were 
unsure of  how they had fallen as some were amnestic 
to the incident. All of  these contributing factors of  in-
jury indicated that further instruction is required in New 
York State to ensure the safety of  licensed hunters. New 
York requires a mandatory hunter education course for a 
minimum 10 h in length[12]. While hunters are mandated 
to take a course, we recommend stronger measures to 

ensure hunters acquire the information needed to safely 
operate tree stands (e.g., periodic testing of  proper use by 
Safety Course instructors). 

Due to the large number of  patients injured as a re-
sult of  preventable causes, an educational safety course is 
warranted and further instruction to hunters is necessary 
to ensure more compliance with these guidelines. Dur-
ing these Hunter’s Safety Courses offered by the state or 
county governments the quantity and severity of  these 
neurological injury patterns, extended hospitalizations, 
and permanent disability needs to be addressed in more 
length to provide greater awareness. Additional instruc-
tion on adherence to the regulations while hunting should 
be emphasized; for example, the need to exercise extreme 
precaution when entering or exiting the tree stand, and 
the need to wear a safety harness at all times. Emphasis 
on proper techniques need to be made to ensure hunters 
pay more attention when they hoist or lower items from 
the tree stand in a safe manner. Hunters should avoid 
hunting when fatigued, use communication devices, re-
strict alcohol or drug while hunting, hunt in groups, and 
only hunt during times specified by local or state regula-
tions.

Active awareness to hunters has been proven to re-
duce the incidence of  tree stand related trauma. In Loui-
siana, letters were sent to licensed hunters, hunting clubs, 
sporting goods stores, and hunting supply retailers across 
the state that detailed the risks associated with tree stand 
use without a safety device[3,8,13]. In the 3 years following 
this active awareness campaign, there were no spinal cord 
injuries from tree stand related incidents. Rochester, NY 
and other areas with active tree stand hunters will greatly 
benefit from similar campaign efforts. 

Tree stand manufacturers add specific guidelines to 
the products they produce and encourage the strict use 
of  wearing a full body safety harnesses[14]. Review of  the 
medical records at Strong Memorial Hospital did not 
include information regarding safety harnesses. This may 
be due to recall bias from post-concussive amnesia, or 
insufficient information surrounding the circumstances 
of  the injury. However prior studies have specifically 
documented the lack of  a safety harness as a contributing 
mechanism[2,3], and we speculate that the absence of  this 
information may suggest these safety devices were not 
used.

Injuries sustained from tree stand falls often require 
operative or other interventions that can increase the to-
tal cost to the healthcare system[7]. In an era where health-
care costs are carefully monitored, any preventive efforts 
that can reduce the overall cost of  care and diminish the 
long-term costs for permanently disabled patients should 
be investigated and pursued. Additionally early identi-
fication of  injured patients and a thorough assessment 
of  their injuries are critical to improving outcomes[3]. 
Though it is tempting to focus on the intracranial and 
spinal pathologies, non-neurological injuries must not be 
minimized in the evaluation of  these types of  patients as 
tree stand falls do result in significant thoracic, abdomi-
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nal, and pelvic trauma. A complete trauma assessment 
must be performed for each patient and all injuries thor-
oughly documented and treated in a timely fashion. 

While we attempted to catalogue and describe the 
incidence of  all tree-stand related injuries, our work is 
not without limitations. First, while all injuries that were 
deemed by the injured party or their associates were 
brought for hospital evaluation, it is reasonable to as-
sume that hunters who sustained injuries may have de-
clined to seek medical attention. The lack of  any obvious 
trauma following a fall also may have prevented hunters 
from evaluation. Our series also does not capture those 
patients who sustained injuries at regional, community 
hospitals but whose injuries were not severe enough to 
warrant transfer to our facility. Lastly, while a thorough 
search for all patients was attempted, using ICD-9 codes 
as an initial filter may have missed patients whose diagno-
ses were not accurately documented at the time of  their 
presentation.

From an international standpoint, hunting, as both a 
source of  food and recreation, has been enjoyed by civi-
lizations for thousands of  years. Indian emperors would 
routinely employ elephants to hunt for wild game, and 
European monarchs often enjoyed fox and boar hunting 
as a sport while on horseback. However, from our search, 
tree stands appear to be a more modern invention that 
are primarily used in North America. Literature searches 
yielded no published data on hunting accidents outside 
of  North America, and most international hunting and 
safety organizations focus their attention to this area as 
well.

In light of  this data, more awareness and education 
are sorely needed. To this end, the authors have utilized 
the findings from this paper in local print and television 
media to educate the local community on the continued 
prevalence of  tree stand injuries. A campaign has been 
initiated in New York to better educate hunters, with the 
aim of  formally incorporating this study’s findings in 
novel educational material for the New York State hunter 
safety educational curriculum.

Hunting remains an attractive recreational activity 
and the methodical use of  tree stands have made hunt-
ers more effective at game hunting. This study reveals 
that nearly 10 years later, tree stand falls remain a sig-
nificant cause of  life-threatening neurological injury and 
subsequent disability. Increased awareness by healthcare 
providers and implementation of  prevention strategies 
is critical to reducing the incidence of  injuries sustained 
while hunting with tree stands. These prevention strate-
gies can be taught during hunter safety education courses. 
All hunters should be made aware of  the preventable risk 
factors that contribute to injury (structural failure, fatigue, 
lack of  sleep, and drug and alcohol use). Additionally, 
hunters should be licensed and properly educated on the 
safe and proper use of  tree stand and associated equip-
ment (e.g., safety harness), and ensure that equipment is in 
proper working condition on a routine basis. Tree stand 
manufacturers can aid in these hunter education preven-

tion programs by giving more support to efforts for the 
hunter’s safety. Health care providers can also aid safety 
and education efforts, as physicians who treat these hunt-
ers may advocate for these prevention efforts to reduce 
incidence of  neurologic injury during hunting.
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Abstract
AIM: To study the risks and benefits of intracerebro-
ventricular (ICV) opiate pumps for the management of 
benign head and face pain.

METHODS: SSix patients with refractory trigeminal 
neuralgia and/or cluster headaches were evaluated 
for implantation of an ICV opiate infusion pump using 
either ICV injections through an Ommaya reservoir or 
external ventricular drain. Four patients received mor-
phine ICV pumps and two patientS received a hydro-
morphone pump. Of the Four patients with morphine 
ICV pumps, one patient had the medication changed 
to hydromorphone. Preoperative and post-operative vi-
sual analog scores (VAS) were obtained. Patients were 
evaluated post-operatively for a minimum of 3 mo and 
the pump dosage was adjusted at each outpatient clinic 
visit according to the patient’s pain level.

RESULTS: All 6 patients had an intracerebroventricular 

opiate injection trial period, using either an Ommaya 
reservoir or an external ventricular drain. There was an 
average VAS improvement of 75.8%. During the trial 
period, no complications were observed. Pump implan-
tation was performed an average of 3.7 wk (range 1-7) 
after the trial injections. After implantation, an aver-
age of 20.7 ± 8.3 dose adjustments were made over 
3-56 mo after surgery to achieve maximal pain relief. 
At the most recent follow-up (26.2 mo, range 3-56), 
VAS scores significantly improved from an average of 
7.8 ± 0.5 (range 6-10) to 2.8 ± 0.7 (range 0-5) at the 
final dose (mean improvement 5.0 ± 1.0, P  < 0.001). 
All patients required a stepwise increase in opiate infu-
sion rates to achieve maximal benefit. The most com-
mon complications were nausea and drowsiness, both 
of which resolved with pump adjustments. On average, 
infusion pumps were replaced every 4-5 years.

CONCLUSION: These results suggest that ICV deliv-
ery of opiates may potentially be a viable treatment 
option for patients with intractable pain from trigeminal 
neuralgia or cluster headache.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intracerebroventricular; Opiate; Trigeminal 
neuralgia; Cluster headache; Pain

Core tip: Chronic head and face pain remains a debili-
tating condition, and patients may often be refractory 
to traditional medical therapies or surgical intervention 
(i.e. , stereotactic radiosurgery or microvascular decom-
pression). Alternatively, the use of intracerebroven-
tricular (ICV) pain pumps has been used for refractory 
nociceptive pain from head and neck cancer; however, 
its use in non-cancer head and face pain has not been 
well described. Here, we report the potential risks and 
benefits of ICV opiate pain pumps for cluster head-
aches and trigeminal neuralgia refractory to medical 
and surgical treatment. 
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INTRODUCTION
Chronic head and face pain is a debilitating condition that 
affects over 3%-5% of  people worldwide[1], dramatically 
impacting emotional, psychological, and economic well-
being. Two common etiologies of  severe head and face 
pain are cluster headache and trigeminal neuralgia, which 
affect 300000 and 100000 people in the United States, 
respectively. Cluster headache is typically managed with 
medical therapies or botox injections[2,3], and most cases 
of  trigeminal neuralgia are successfully treated with oral 
medications, stereotactic radiosurgery, or microvascular 
decompression[4]. However, 5% of  patients with cluster 
headache[5] and 11%-25% of  patients with trigeminal 
neuralgia[6-10] do not achieve adequate pain relief  with 
these therapies and may require other treatment options.

Neurosurgical treatment options for pain syndromes 
have generally focused on modulation of  specific pain 
pathways by lesioning, electrical stimulation, or spinal in-
trathecal delivery of  pharmacological agents[11,12]. Targets 
for electrical neuromodulation include the dorsal columns 
of  the spinal cord, the sensory nuclei of  the thalamus, 
the precentral motor cortex for neurogenic/neuropathic 
pain, and the periventricular/periaqueductal gray area for 
somatic or nociceptive pain[13]. Chemical neuromodula-
tion via central delivery of  pharmacological agents is pri-
marily accomplished via spinal intrathecal delivery strate-
gies[14]. 

Intracerebroventricular (ICV) administration of  opi-
oids represents a chemical, rather than electrical, neuro-
modulation treatment strategy. This allows for drug deliv-
ery directly at its anatomical site of  action, achieving high 
tissue concentrations of  drug that would not be achiev-
able with systemic drug delivery. ICV delivery of  opiate 
medications has been previously described for manage-
ment of  refractory nociceptive pain from head and neck 
cancer[15-19]. This is typically accomplished via intermittent 
injection of  opiates into an Ommaya reservoir[17,20-22], al-
though use of  an implanted infusion pump has also been 
reported[19,23]. In this study, we present our institutional 
experience treating six patients with ICV opiate pain 
pumps for treatment of  severe, refractory head and face 
pain due to cluster headache and/or trigeminal neuralgia.

MATERIALS AND METHODS
Patient population
Six adult patients (4 women, 2 men) underwent implanta-
tion of  an ICV opiate pump into the right lateral ventricle 
for treatment of  severe, refractory head and/or face pain 
at the University of  California, Davis Medical Center. 

The average age of  symptom onset was 44.3 years (range 
17-75), the average duration of  symptoms was 14.8 years 
(range 4-31), and the average age at ICV implantation was 
59.0 years (range 35-79). Four patients had facial pain, 1 
patient had cluster headaches, and 1 patient had cluster 
headache and atypical facial pain. Patients had trialed 
an average of  4 (range 1-9) oral pain medications prior 
to ICV implantation; 2 patients trialed opiate injection 
therapy, 2 patients had failed microvascular decompres-
sion for facial pain, and none of  the patients in this series 
had undergone previous radiosurgery for pain (Table 1). 
The University of  California, Davis Institutional Review 
Board approved this retrospective study. 

Treatment protocol
Prior to ICV opiate pump implantation, all patients dem-
onstrated significant clinical benefit with trial injection 
of  opiates through an Ommaya reservoir (n = 5) or an 
external ventricular drain (EVD, n = 1). Trial injections 
were performed in the neurosurgical intensive care unit 
for close monitoring of  known complications of  ICV 
opiate delivery, including mental clouding, visual hallu-
cinations, seizures, somnolence, respiratory depression, 
and coma[24]. Initially, patients underwent a trial injection 
phase (3-15 d) at which time the dose of  morphine or hy-
dromorphone was titrated to determine an optimal dose 
for each individual. A Medtronic (Minnesota, United 
States) pain pump was implanted into a subcutaneous 
fat space in the abdomen within one month of  the trial 
injections by one of  two neurosurgeons (J.E.B, K.S.). In 
one patient (patient 6), intraoperative computed tomogra-
phy was used to confirm placement of  the intraventricu-
lar catheter (Figure 1). Adjustment of  dose rates and/or 
refilling of  pumps occurred monthly. 

Outcome assessment
Visual analogue scale (VAS) scores were obtained before 
and after intraventricular trial injections, and before and 
after the ICV opiate pump infusion began. VAS scores 
were collected on an intermittent basis during outpatient 
clinic visits, before and after infusion rate adjustments.

RESULTS
There were no complications associated with placement 
of  an Ommaya reservoir or EVD to perform trial injec-
tions. During trial injection therapy, one patient experi-
enced a transient side effect of  nausea but there were no 
permanent complications. An average of  9.2 doses (range 
2-27) was necessary during the trial phase to provide 
maximum VAS improvement with trial injections (average 
VAS improvement 75.8%, range 50%-100%). 

Pump implantation was performed an average of  3.7 
wk (range 1-7) after ICU trial injections had been com-
pleted, and patients required an average of  20.7 (range 2-51) 
outpatient adjustments to the dose. At the most recent 
follow-up (26.2 mo, range 2-56, one patient transferred care 
to a different institution), VAS pain scores significantly im-
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proved from an average of  7.8 ± 0.5 (range 6-10) to 2.8 ± 0.7 
(range 0-5) once reaching final dose (mean improvement 5.0 
± 1.0, P < 0.001, Table 1, Figure 2). 

All patients required stepwise increases in infusion 
rates to achieve maximal benefit. The average initial 
morphine dose was 1.4 mg/d (range 0.1-4.0 mg/d) and 
the average final dose was 11.7 mg/d (range 2-21.5, n 
= 4). The average initial hydromorphone dose was 0.08 
mg/d (range 0.01-0.2 mg/d) and the average final dose 
was 1.2 mg/d (range 0.1-3.3). In one patient (Patient 1), 
the medication was changed from morphine to hydro-
morphone to achieve maximal benefit; in this patient, 
12 morphine dosage adjustments were made prior to 
converting to hydromorphone 15 mo after implanta-
tion. The final morphine dosage was 21.5 mg/d and the 

initial hydromorphone dosage was 2.1 mg/d. Following 
medication adjustment, an additional 12 adjustments with 
hydromorphone were made. On average, infusion pumps 
were replaced every 4-5 years.

The most common complications in this series were 
nausea (n = 2) and drowsiness (n = 2), both of  which re-
solved with adjustments in pump settings (Table 2). One 
patient experienced withdrawal symptoms due to pump 
failure, and underwent a distal catheter revision (to clear 
an obstruction) with subsequent resolution of  her symp-
toms. One patient experienced psychiatric irritability after 
10 years of  good pain relief  and had the ICV pain pump 
removed. 
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Table 1  Patient characteristics and outcomes

Patient Age (at pump 
placement, yr)

Gender Primary 
diagnosis

Prior surgeries Pre-implant-
ation trial

ICV pump 
medication

Initial dose 
(mg/d)

Final dose 
(mg/d)

Pre-op 
VAS

Post-op 
day 1 
VAS

Last 
VAS

Last post-op 
visit (mo)

1 67 Male Trigeminal 
neuralgia 

(left)

Ommaya 
reservoir- 
morphine

Morphine 
then 

dilaudid

0.1 
morphine

3.27 
dilaudid

6 3.5 4 145

2 35 Female Cluster 
headaches

Ommaya 
reservoir- 
morphine

Morphine 0.65 
morphine

19.0 
morphine

8 4 0 166

3 37 Female Trigeminal 
neuralgia 

(right), 
Cluster 

headaches

Ommaya 
reservoir- 
morphine, 
dilaudid

Dilaudid 0.1 
dilaudid

0.2 
dilaudid

8 2.5 3     9

4 74 Male Trigeminal 
neuralgia 

(left)

Rhizotomy, 
Microvascular 
decompression

Ommaya 
reservoir- 
morphine

Morphine 0.75 
morphine

1.75 
morphine

8 1 1   10

5 62 Female Trigeminal 
neuralgia 

(right)

Microvascular 
decompression

Ommaya 
reservoir- 
morphine

Morphine 4 
morphine

4.25 
morphine

10 3 2     3

6 79 Female Trigeminal 
neuralgia 

(left)

Meningioma 
resection (left), 

radiosurgery ×2

External 
ventricular 

drain-
morphine, 
dilaudid

Dilaudid 0.01 
dilaudid

0.085 
dilaudid

8 2 2   15

VAS: Visual analogue scale; ICV: Intracerebroventricular.

Figure 1  Intraoperative computed tomography of the head demonstrates 
intraventricular placement of the pump catheter (Patient 6).
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Figure 2  Preoperative visual analogue scale pain scores ranged from 
6-10 out of 10 (average 7.8 ± 0.5). Post-operative visual analogue scale (VAS) 
scores at > 3 mo following opioid pain pump placement were significantly lower 
(P < 0.001 vs Post-op), ranging 0-5 out of 10 (average 2.7 ± 0.4).
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DISCUSSION
ICV opiate infusion using an implanted pump provides 
significant pain relief  in patients with severe, refractory 
head and/or face pain that have failed other medical and 
surgical therapies. This study adds to the existing litera-
ture on successful use of  ICV opiates for management 
of  head and neck cancer pain[25], and suggests that ICV 
opiate infusion may be a prudent treatment option for 
select patients with severe cluster headache or trigeminal 
neuralgia.

While the mechanism and site of  action of  opioids in 
the brain for head and neck pain is not completely under-
stood, it is known that morphine and its derivatives bind 
to receptors that are found in the periventricular and 
periaqueductal gray regions, medulla spinalis, substantia 
gelatinosa, and the hypothalamus[13,26-30]. Therefore, it is 
possible that ICV delivery of  opioids selectively modu-
lates activity in these brain regions, resulting in a level of  
analgesia that may be superior to that achieved with sys-
temic therapies. 

The efficacy of  deep brain stimulation (DBS) of  the 
periventricular/periaqueductal gray region for manage-
ment of  cluster headache and other central pain syn-
dromes[11,13,26] supports the hypothesis that targeted deliv-
ery is effective for refractory cases. Due to its proximity 
to pain pathways in the brainstem, hypothalamus, and 
thalamus, ICV delivery may potentially be more prudent 
than intraspinal intrathecal delivery for severe, refractory 
head and face pain syndromes. Prospective comparative 
studies are needed to further explore this possibility.

Because the pathophysiology of  refractory trigeminal 
neuralgia and cluster headaches are poorly understood, 
ICV infusion therapy may be more effective than DBS 
since its effects are more regional and affect a larger vol-
ume of  tissue. Different brain areas have been implicated 
in refractory cluster headache[31,32], and the anatomical 
basis of  trigeminal neuralgia that fails medical therapy 
and microvascular decompression is often elusive and 
has been attributed to demyelination or other unknown 
processes. Various lesioning therapies have been pro-
posed for failed microvascular decompression, including 
therapies that target the facial nerve (chemical, mechani-
cal decompression, radiosurgery, and nerve cutting) or its 
brainstem pathways (nucleus caudalis dorsal root entry 
zone lesioning). Since these procedures are irreversible 

and can carry significant risks, ICV opioid infusion may 
be a preferable alternative since it allows for delivery of  
a regional targeted therapy that can be titrated to effect 
and, if  necessary, discontinued. 

It is important to note that cluster headache and tri-
geminal neuralgia are very different disorders with unique 
clinical and pathological characteristics. For example, 
cluster headaches are far more common in men (8:3 ra-
tio)[33] whereas trigeminal neuralgia affects more women 
than men (3:2 ratio)[34]. Since morphine is generally more 
potent in men than women, it is possible that different 
opioid infusion strategies are needed to achieve adequate 
analgesia in these conditions. Such differences were not 
evident in the current series, but larger clinical studies are 
needed to determine if  gender-specific and/or disease-
specific opioid infusion strategies will yield better clinical 
outcomes. 

The risks associated with ICV opiate infusion therapy 
include neurological injury from ventricular catheter 
placement, implant infection, and opioid toxicity (includ-
ing allergy, intolerance or significant clinical side effects). 
We recommend a trial therapy in an ICU setting prior to 
pump implantation to confirm clinical efficacy and evalu-
ate for any signs of  opioid toxicity. After implantation, 
a slow, step-wise titration of  opioid infusion is recom-
mended to achieve maximum clinical efficacy with mini-
mal side effects and complications. In this series, the av-
erage number of  dose adjustments was 20.7 (range 2-51). 
The high number of  adjustments demonstrates that opi-
oid tolerance can develop over time. Special consideration 
should be given to the development of  opioid tolerance 
and the risks associated with abrupt disruption or with-
drawal of  therapy (in the setting of  pump failure, for ex-
ample). There is some evidence that co-administration of  
drugs may enhance analgesia and reduce the likelihood of  
tolerance. For example, pre-clinical animal studies suggest 
that co-administration of  drugs like calmodulin inhibi-
tors[35,36] or inhibitors of  protein kinases[37] may reduce or 
prevent morphine tolerance from developing. Also, there 
is evidence that certain non-opioid medications, such as 
the voltage-gated calcium channel blocker ziconotide, are 
extremely effective when delivered as an intrathecal infu-
sion[38,39] and may be appropriate alternatives to opioids 
or effective in a co-administration strategy.

In conclusion, severe head and facial pain syndromes 
that are refractory to conventional medical and surgical 
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Table 2  Dose ranges and complications

Patient Dose range (mg/d)                      Complications

1 0.10-21.5 (morphine) Nausea/Emesis (transient-decreased dosage)
2.10-3.27 (dilaudid) Changed medication due to inadequate pain control/nausea

2 0.65-19.0 (morphine) Replacement of pump × 2 (q5 yr)
Withdrawal symptoms (transient)

3 0.20 (dilaudid) Psychiatric disturbances leading to removal of pain pump after 11 yr
4 0.75-2.0 (morphine) Nausea/ Emesis (transient- decreased dosage)
5 4.00-4.25 (morphine) Lost to follow-up after 1 yr
6 0.01–0.10 (dilaudid)
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therapies can be extremely debilitating and very difficult 
to manage. ICV opioid infusion has the potential to 
enhance analgesia through regional delivery of  drug to 
brain centers that are directly responsible for processing 
pain signals. Using a careful clinical protocol to screen 
for efficacy and reduce risks, ICV opioid infusion therapy 
may be an effective treatment option for patients with 
severe head and facial pain due to cluster headache and 
trigeminal neuralgia.
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Abstract
AIM: To evaluate the clinical and functional results 
after repair of distal biceps tendon tears, following the 
Morrey’s modified double-incision approach.

METHODS: We retrospectively reviewed 47 patients 
with distal rupture of biceps brachii treated between 
2003 and 2012 in our Orthopedic Department with 
muscle-splitting double-incision technique. Outcome 
measures included the Mayo elbow performance, the 
DASH questionnaire, patient’s satisfaction, elbow and 
forearm motion, grip strength and complications occur-
rence.

RESULTS: At an average 18 mo follow-up (range, 7 
mo-10 years) the average Mayo elbow performance and 
DASH score were respectively 97.2 and 4.8. The elbow 
flexion range was 94%, extension was -2°, supination was 
93% and pronation 96% compared with the uninjured 
limb. The mean grip strength, expressed as percentage of 

respective contralateral limb, was 83%. The average pa-
tient satisfaction rating on a Likert scale (from 0 to 10) was 
9.4. The following complications were observed: 3 cases of 
heterotopic ossification (6.4%), one (2.1%) re-rupture of 
the tendon at the site of reattachment and 2 cases (4.3%) 
of posterior interosseous nerve palsy. No complication re-
quired further surgical treatment.

CONCLUSION: This technique allows an anatomic re-
attachment of distal biceps tendon at the radial tuber-
osity providing full functional recovery with low compli-
cation rate. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Distal biceps tendon; Rupture; Double inci-
sion; Complications; Clinical outcome; Trans-osseous 
tunnels; Morrey

Core tip: Both single and double-incision approaches 
have been successfully used for distal biceps tendon 
lesions. At present there is no solid scientific evidence 
to support preference of one technique over the other. 
However, recently, it has been demonstrated that the 
2-incision technique recreates more closely footprint 
position compared with that of the 1-incision approach. 
In the present research the Morrey’s modified double-
incision repair provided excellent outcome (including 
functional outcome, satisfaction, elbow and forearm 
motion, and grip strength) with few post-operative 
complications, mainly represented by heterotopic ossifi-
cation and posterior interosseous nerve injuries.
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INTRODUCTION
The incidence of  distal biceps ruptures is estimated be-
tween 0.9 and 1.8 per 100000 population per year, and 
accounts for 3% of  biceps brachii tendon injuries[1]. This 
injury is very common in men who are in their fifth or 
sixth decade of  life, but can also occur at any age[2-4].

Many studies demonstrated that surgical approaches 
allow better clinical results than conservative treat-
ments[5,6]. In literature, various surgical methods have 
been described, dating back to the first report by Acqua-
viva in 1898[7,8].

In 1956 Fischer et al[9] used the volar Henry approach 
to reattach the distal biceps tendon to the radial tuberos-
ity. This allowed a good recovery of  flexion and supina-
tion strength, but radial nerve palsy occurred in several 
cases consequently to the extensive exposure needed us-
ing this approach[10,11].

To decrease the risk of  neurologic complications lim-
iting the exposure needed Boyd et al[12] in 1961 described 
a two-incision technique to access the tuberosity more 
easily. They felt that a second dorsal incision was neces-
sary in order to limit the volar surgical dissection required 
near the radial nerve as it passes through the supinator 
muscle[13-15]. However, complications with special respect 
to heterotopic ossifications including loss of  forearm 
rotation, radioulnar synostosis, and posterior interosse-
ous nerve injury were described using the double-incision 
technique[16,17].

In an effort to overcome any complications con-
nected with each approach, more modern techniques 
have been developed in the last decades. The two-incision 
approach was updated by Morrey et al[18], who used a pos-
terior muscle-splitting approach that avoids subperiosteal 
exposure of  the ulna, and therefore reduces the possibil-
ity of  radioulnar synostosis. With this adjustment, the 
tendon can be reattached to the radial tuberosity through 
transosseous drill holes.

More recently approaches that use suture anchors 
and a limited single anterior incision have been de-
scribed[11,19,20]. Currently there is no consensus with re-
spect to the best surgical approach and favorable results 
with both techniques[21-23].

The aim of  our study is to evaluate the clinical and 
functional outcomes after surgical repair of  distal ten-
dons tears, using a muscle-splitting double incision ap-
proach modified by Morrey[18].

MATERIALS AND METHODS
This study has been authorized by the local ethical com-
mittee and was carried out in accordance with the Ethi-
cal standards of  the 1964 Declaration of  Helsinki as 
updated in 2004. We retrospectively reviewed 47 patients 
operated by two different surgeons of  distal rupture of  
biceps brachii, treated in our Orthopedic Department 
between March 2003 and September 2012 using the 
muscle-splitting double-incision technique. Every patient 

undergoing distal biceps tendon acute rupture repair, 
was included in our review and informed consent was 
obtained. Exclusion criteria included the presence of  an 
associated fracture, and dislocation about the elbow as 
etiology of  biceps injury. All patients included in our co-
hort were treated within 15 d from trauma. We analyzed 
the rate of  major and minor complications. Major com-
plications included posterior interosseous nerve (PIN) 
palsy, heterotopic ossification and re-rupture. Minor 
complications included superficial infection, lateral ante-
brachial cutaneous nerve paresthesia and radial sensory 
nerve paresthesia. All 47 cases are men, with an average 
age of  45 (range, 28-66 years) at the time of  injury. The 
dominant arm was involved in 43 patients, 91% of  all 
cases. The injury mechanism was the same in every case: 
an eccentric load applied to a flexed elbow during daily or 
sport activity. Subjective outcomes included the Disability 
of  Arm, Shoulder and Hand (DASH) questionnaire and 
the Mayo elbow performance score. In addition, levels 
of  overall patient satisfaction were determined using a 
10-point scale: in which 10 points denoting very satisfied 
and 1 point denoting very unsatisfied. All measurements 
were performed at an average 18 mo follow-up (range, 7 
mo-10 years) by an independent assessor who measured 
elbow and forearm motion using a goniometer. 

All patients underwent the same surgical method: 
the double incision technique uses a transverse incision 
in the antecubital fossa. After identification of  the distal 
portion of  the biceps tendon, the degenerated part is re-
sected. Two locking Krackow sutures with N.2 fiber-wire 
(Arthrex, Naples, FL) are passed through the distal part 
of  the tendon. After bicipital tuberosity identification, a 
curved clamp is lead through the interosseous space, for-
ceps are then palped on the dorsal aspect of  the proximal 
part of  the forearm, and second longitudinal incision is 
made over it. With the forearm in maximal pronation, 
the tuberosity is exposed with a muscle-splitting tech-
nique. Three drill holes are placed approximately at 1 cm 
intervals through the dorsal cortical margin of  the tuber-
osity. The tendon sutures are then passed through the 
holes. With the elbow at 90° of  flexion and the forearm 
pronated, the biceps tendon is pulled into the bicipital 
tuberosity and sutures are pulled tight and tied (Figure 1). 
The elbow is then splinted for 4 wk. Early active-assistive 
and ROM activities into elbow flexion and extension are 
advised 3-4 times per day. All patients were treated with 
indomethacin 75 mg for 3 wk as a standard protocol to 
prevent heterotopic ossifications.

RESULTS
The average elbow flexion range was 94% of  the un-
injured limb (125° vs 135°). Average extension was -2°. 
Supination was 93 % and pronation 96% compared with 
the uninjuried limb (supination 80° vs 84°; pronation 86° 
vs 82°) (Figure 2). The average Mayo elbow performance 
and DASH score were respectively 97.2 and 4.8. The sat-
isfaction rating score was 9.4 points (Table 1). 
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The reported complications included nerve dysfunc-
tion, heterotopic ossification and failure at repair site. We 
had 3 cases of  heterotopic ossification with limited range 

of  movement near to complete loss of  forearm rotation. 
Resection of  heterotopic bone was associated with res-
toration of  near-normal motion. One re-rupture of  the 
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Figure 1  Intraoperative view showing the double access and the surgical procedure.

Figure 2  Clinical evaluation at 40 d after surgery showing complete recovery of the range of motion.
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tendon at the site of  reattachment was found. Two cases 
of  posterior interosseous nerve (PIN) palsy were found 
but both were resolved without intervention (Table 1).  

DISCUSSION
Distal biceps tendon ruptures usually arise in the domi-
nant elbow of  middle-aged male patients[24]. The clinical 
presentation is characteristic and radiographs, MRI or 
ultrasound are not necessary to diagnose an acute rup-
ture of  the distal biceps. In recent decades surgical repair 
of  this type of  lesions have shown improved functional 
outcomes compared with conservative treatment. Baker 
et al[2] compared operative and nonoperative treatment 
showing decreased supination strength of  55% and su-
pination endurance of  86% with nonoperative approach 
compared with controls. Several surgical options have 
been described in literature: the one incision-approach, 
using suture anchor, endobuttons, biotenodesis screw 
for fixation and a two incision approach using bone tun-
nels[25]. The recreation of  an anatomic reattachment of  
the distal biceps tendon to its osseous insertion at the 
radial tuberosity has to be the main objective of  operative 
treatment. The modified two-incision approach has dem-
onstrated excellent clinical results with regards to postop-
erative range of  motion, strength, and endurance[26]. Dis-
tal biceps tendon repair sometimes lacks elbow motion, 
due to heterotopic ossification or radioulnar exostosis as 
well as neurological complications such as PIN injury[27]. 
Heterotopic bone formation is common following distal 
biceps tendon surgery and has been reported in both 
single and double-incision repairs. Higher rates of  hetero-
topic ossification have been described in double-incision 
treatments performed using the Boyd-Anderson method, 
where the posterior soft tissues are elevated off  the ulna 
to expose the radial tuberosity[16,17]. Radioulnar synostosis, 
although rare, is more common with the Boyd-Anderson 
method rather than with muscle-splitting double-incision 
approach, in which the periosteal surface of  the ulna 
is not exposed. With this technique, the incidence of  
synostosis and heterotopic bone has substantially de-
creased[28,29]. In our cohort complications were reported 
in 12.8% of  cases: 3 cases of  heterotopic ossification 
(6.4%), one (2.1%) re-rupture of  the tendon at the site 
of  reattachment and 2 cases (4.3%) of  PIN palsy, all of  
them resolved without intervention. Our rate of  compli-
cations appears similar to the 10% of  cases reported by 
El-Hawary et al[21] using the 2-incision technique, associ-

ated with 6-wk prophylaxis with indomethacin 25 mg 3 
times a day for 6 wk. In particular they didn’t observed 
any case of  heterotopic ossification, and the only type of  
complication reported was a transient superficial radial 
nerve paresthesia, supporting a longer lasting profilaxis 
against heterotopic ossification.

In our research tendon fixation was performed by 3 
trans-osseous tunnels placed at the apex of  radial tuber-
osity. In the last years, new fixation equipment like suture 
anchors, interference screws, and fixation buttons have 
been brought in and biomechanically tested[30-34], demon-
strating encouraging results[35-37].

Clinical studies have found little difference between 
1- and 2-incision approaches in terms of  complications, 
re-ruptures, flexion and supination strength as well as 
endurance[21,23,26,38]. However, recently, it has been dem-
onstrated that the 2-incision approach recreates more 
closely footprint position compared with the 1-incision 
approach[39].

In conclusion, the Morrey’s modified double-incision 
repair provided excellent outcome (including functional 
outcome, satisfaction, elbow and forearm motion, and 
grip strength) with few post-operative complications, 
mainly represented by heterotopic ossification and PIN 
injuries. 
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Abstract 
AIM: To investigate the outcomes of trauma patients 
with traumatic brain injury (TBI) on Dabigatran Etexi-
late (DE). 

METHODS: Following IRB approval, all patients taking 
DE who were admitted to our level 1 trauma service 
were enrolled in the study. Injury complexity, length 
of stay (LOS), intensive care length of stay, operative 
intervention, therapeutic interventions and outcomes 
were analyzed retrospectively. 

RESULTS: Twenty-eight of 4310 admissions were tak-
ing DE. Eleven patients were excluded on concurrent 
antiplatelet therapy. Average age was 77.14 years (64-94 
years), and average LOS was 4.7 d (1-35 d). Thirty-two 
percent were admitted with intracranial hemorrhage. Eigh-
teen percent received factor Ⅶ, and 22% received dialysis 
in attempts to correct coagulopathy. Mortality was 21%.

CONCLUSION: The low incidence, absence of reversal 
agents, and lack of practice guidelines makes manag-
ing patients with TBI taking DE frustrating and provider 
specific. Local practice guidelines may be helpful in 
managing such patients. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dabigatran; Brain injury; Anticoagulation; 
Dabigatran reversal

Core tip: Dabigatran Etexilate (DE) and other novel 
anticoagulants that lack reversal agents complicate the 
care of trauma patients. Current practice guidelines 
should be available to aid in managing patients with 
traumatic brain injury on DE. 

Pakraftar S, Atencio D, English J, Corcos A, Altschuler EM, 
Stahlfeld K. Dabigatran etixilate and traumatic brain injury: 
Evolving anticoagulants require evolving care plans. World J Clin 
Cases 2014; 2(8): 362-366  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i8/362.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i8.362

INTRODUCTION
Arterial and venous thromboembolism (VTE) is a signifi-
cant cause of  mortality and morbidity. Direct and indirect 
inhibitors of  coagulation are being increasingly utilized 
for prophylaxis and treatment of  myocardial infarction, 
valvular disease, deep venous thrombosis, pulmonary 
embolism, atrial fibrillation, and stroke[1]. Compliance 
rates for VTE prophylaxis are being used in pay for per-
formance by third party payors and have been included 
as an independent new core measure by the Center for 
Medicare and Medicaid Services[2].

Many anticoagulants are available to the clinician: an-
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tiplatelet agents, thromboxane A2 receptor antagonists, 
Adenosine Diphosphate (ADP) receptor antagonists, Pro-
tease Activated Receptor (PAR)-1 antagonists, inhibitors 
of  initiation or propagation of  coagulation, Factor Ⅸ-di-
rected antibodies, direct and indirect Factor Ⅹa inhibitors, 
factor Ⅴa and Ⅷa inhibitors, inhibitors of  fibrin forma-
tion, and medications than enhance fibrinolysis[3]. Due 
to the complication rate, volume of  distribution, delayed 
onset, prolonged effect, unpredictable pharmacokinetics, 
food and medication interactions, and frequent monitor-
ing associated with warfarin usage, industry has focused 
on developing oral thrombin and Factor Ⅹa inhibitors for 
patients who require long-term anticoagulation.

Dabigatran Etexilate (DE) (Pradaxa®) 150 mg twice 
daily is the first orally available FDA approved direct 
thrombin inhibitor (DTI) in the United States. Due to pre-
dictable pharmacokinetics and pharmacodynamics, limited 
drug-drug interaction or effect of  food, and no need for 
coagulation monitoring, DE was introduced enthusiasti-
cally and approved for treatment of  non-vavlular atrial 
fibrillation (AF) with a class 1 recommendation[4]. Head to 
head trials with warfarin showed that DE reduced the risk 
of  stroke by more than one-half  and that mortality from 
intracranial hemorrhage was not increased (1B)[5]. Patients 
on DE had a significantly higher rate of  gastrointestinal 
bleeding and trended toward an increased number of  ad-
judicated coronary events[5]. As no reversal agent or accu-
rate method of  measuring the clinical effect of  DE exists, 
recommendations for patients undergoing elective surgery 
currently taking DE are to stop the DE 1-5 d prior to the 
procedure, depending on the complexity of  the surgery 
and the patient’s creatinine clearance (CrCL)[3,6,7]. 

Trauma patients and those with acute surgical issues 
frequently do not have the luxury of  waiting 1-5 d for the 
pharmacologic effects of  DE to subside. After several 
frustrating patient interactions that essentially involved 
supportive care, we hypothesized that patients taking 
DE admitted with traumatic injuries would have poor 
outcomes due to the lack of  a reversal agent. We herein 
report our series of  patients admitted to our trauma and 
acute care surgery service on DE, focusing on patients 
with traumatic brain injury (TBI), and comment on po-
tential treatment strategies available.

MATERIALS AND METHODS
After receiving institutional board approval, all patients 
between October 2011 and September 2012 admitted 
through the emergency room to one health system’s two 
Level 1 trauma centers were prospectively evaluated to 
include all patients who were actively taking DE on ad-
mission. Only patients over the age of  18 with vital signs 
on arrival were included in the study.

Patient management was directed by the trauma and 
acute care surgeon in conjunction with subspecialized 
physicians. Presence of  traumatic brain injury on com-
puted tomography (CT) was verified by a board certified 
radiologist, and demographic data, admission laboratory 
data including hemoglobin, prothrombin time (PT/INR), 
and partial thromboplastin time (PTT), patient acuity, 
therapeutic interventions, transfusion requirements, and 
patient outcomes were evaluated retrospectively. 

Statistical analysis 
Statistical analysis was performed using Microsoft Excel 
Analysis ToolPak (Student t-Test, χ 2 Test, Anova).

RESULTS
Of  the 4310 admissions to the trauma and acute care 
surgery service over the twelve month period, 31 (0.7%) 
patients taking DE were identified. Nine of  the 1259 
admissions with CT evidence of  TBI were taking DE. 
Three of  the 31 patients on DE were excluded because 
no significant surgical pathology was present. Of  the 
remaining 28, the average age (SD) was 77.14 (10.5), 
median admission INR/PTT was 1.45/50.3, 11 were 
on concurrent anti-platelet medications. 6 received DE 
directed dialysis and 6 received factor Ⅶa. Mortality was 
21% (6/28). Results for the subgroups of  patients with 
TBI, injury without TBI, and acute care surgery are dis-
played in Table 1. 

The individual data for the nine TBI injured patients 
on DE are listed in Table 2. Eight patients (89%) were 
taking DE for stroke prophylaxis and one for treatment 
of  a prior pulmonary embolism. Recorded dosage was 
150mg BID for all 9 subjects. Eight of  nine patients had 
an elevated INR (mean = 1.68) and PTT (mean = 54). 
Four patients were taking antiplatelet medications con-
comitantly. Types of  intracranial hemorrhage observed 
in these patients were sub-arachnoid (4), sub-dural (2), 
combined (2), and intraparenchymal (1). Two of  the 
three patients who received no intervention died: one 
presented with a non-survivable injury and the second 
initially appeared to have a minor injury that within hours 
progressed clinically and radiographically (Figure 1). 

DISCUSSION
Coagulopathy and associated bleeding remain significant 
issues in the trauma population. Coagulopathy due to 
blood loss is addressed by controlling the ongoing bleed-
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Table 1  Traumatic brain injury, non-traumatic brain injury 
and acute care surgery patients on Dabigatran

TBI nonTBI ACS Total

n 9 10 9 28
Age (yr) 83.4 (8.48) 73.6 (11.6) 76 (8.87) 77.14 (10.5)
M:F 4 M: 5 F 5 M: 5 F 6 M: 3 F 15 M: 13 F
INR 1.69 (0.43) 1.31 1.31 1.451

PTT (s) 54.55 (18.09) 48.05 (33.18) 371 50.351

Concurrent AntiPlatelet 5 2 4 11
Hemodialysis 2 3 1   6
Factor Ⅶ 2 2 1   5
Mortality 2 1 3   6

1Median data was used due to outliers. TBI: Traumatic brain injury; PTT: 
Partial thromboplastin time.



ing, keeping the patient warm and perfused, and using 
accepted protocols to replace blood and blood products. 
Pharmacologically induced coagulopathy poses a similar 
risk and is becoming more prevalent, with approximately 
1.5 million Americans taking a vitamin K antagonist dai-
ly[8]. Treatment of  these patients is fairly straightforward 
as the effect of  vitamin K is easily measured and the defi-
cient clotting factors can be replaced. 

With the introduction of  DE, and subsequent FDA 
approval of  direct factor Xa inhibitors rivaroxaban 
(Xarelto®) and apixaban (Eliquis®), the trauma surgeon 
faces a unique challenge in patients with ongoing bleed-
ing who may or may not require surgery. DE is an orally 
available direct thrombin inhibitor that is rapidly con-
verted to dabigatran and binds to free and clot bound 
thrombin. Time to maximum concentration is 2 h, half-
life is 12-17 h, limited protein binding suggest DE may 
be dialyzed, and over 80% of  the drug is excreted by the 
kidneys[3,7,9]. The FDA-approved indication is to reduce 
the risk of  stroke and systemic embolism in patients with 
non-valvular atrial fibrillation[10]. 

Advantages of  DE include the significant risk reduc-
tion of  stroke and systemic embolization, predictable 
pharmacokinetics requiring no coagulation monitoring, 
a fast onset and offset of  action, a relatively short half-
life, and limited drug-drug interaction[3,7,11]. Drug cost 
compared to monitoring with warfarin is revenue neu-
tral. Worldwide there have been at least 260 episodes of  

post-marketing bleeds resulting in death in patients on 
DE[12,13]. Our study documents the institutional complica-
tion rates of  patients on DE and not the effectiveness 
of  DE vs oral vitamin K antagonist. The dilemma facing 
the trauma surgeon is that there is no accepted laboratory 
test to measure the effect of  DE nor are there recom-
mended reversal agents[3,6,7,14]. Both of  these factors are 
especially relevant in the patient with a TBI. The antico-
agulant effects have attempted to be quantified in normal 
human subjects, laboratory animals, and in vitro by adding 
DE to human serum. Assays evaluated include PT, aPTT, 
factors Ⅱ, Ⅷ, Ⅸ, Ⅹ, and XI, quantitative D-dimer, rep-
tilase time, von Willebrand factor antigen , antithrombin, 
plasminogen, thrombin clotting time, protein C activity, 
ecarin clotting time, and activated protein C resistance[1,11]. 

Although analytes may be elevated with various concen-
trations of  DE, most notably the aPTT and thrombin 
clotting time, reported levels frequently are factitiously 
elevated or low, display incomplete correction, do not 
correlate with serum levels leading to misdiagnosis and 
mismanagement, or are insensitive or oversensitive, mak-
ing virtually any result unreliable[11]. The best determinate 
of  DE effect is knowing the timing of  administration, as 
peak effect is usually two hours after ingestion, the dos-
age and the patient’s renal function (CrCl > 50 provides 
normal excretion)[9]. 

Treatment can be simplistic and futile as no known 
DE counteracting agent exists, so any form of  interven-
tion in patients with life-threatening bleeding is empirical. 
What makes this even more frustrating is the individual 
trauma surgeon most likely treats a patient taking DE 
once every several months, has no recommended guide-
lines, and may be unfamiliar with the intricacies and phar-
macokinetics of  the most recently approved oral antico-
agulant. Considering that not intervening when a patient 
is actively bleeding is difficult for the treating surgeon, we 
will discuss the rationale behind several available treat-
ment strategies although all lack even level 3 evidence. 

Excluding direct compression, topical thrombin, and 
simple surgical procedures to obtain hemostasis, viable 
options to treat extensively injured, TBI, and complex 
surgical patients taking DE include oral charcoal, activat-
ed prothrombin complex concentrates (aPCC), recombi-
nant factor Ⅶa, concentrates of  coagulation factors Ⅱ, 
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Figure 1  Rapid progression of intracerebral hemorrhage on patient on 
Dabigatran Etexilate.

Table 2  Data of patients with traumatic brain injury

Case Age, yr LOS iLOS INR PTT Anti-Platelet CrCl HD Ⅶa FFP Anti-Platelet Mortality

1 94 4 3 1.6 61.3 Y 24.1 N N Y Y N
2 83 1 1 2.5 69 Y 45.6 N N N N Y
3 79 2 0 1.6 54.3 N 49.8 N N N N N
4 89 6 3 1.4 35.7 N 40.2 N N Y N N
5 86 35 5 1.8 50.7 Y 32.4 Y Y Y Y N
6 64 3 2 1.7 57 Y 99 N N Y N N
7 88 1 1 1.8 61 N 61.3 N N N N Y
8 86 2 1 0.9 20 N 46 N N Y N N
9 82 4 2 1.9 82 Y 46.4 Y Y Y Y N

LOS: Length of stay; iLOS: Intensive care length of stay; PTT: Partial thromboplastin time.
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Ⅸ, and Ⅹ, and dialysis. 
Oral charcoal can be used within two hours of  in-

gestion as charcoal significantly inhibits absorption of  
DE[6,7]. Kcentra (CSL Behring LLC) is the only four fac-
tor prothrombin complex concentrate available in the 
United States, has not been shown to correct the aPTT 
in healthy volunteers taking DE, but high doses have 
been shown to limit intracranial bleeding in rats[3,14]. In a 
patient with life-threatening bleeding with limited thera-
peutic options, an INR based dose of  25-50 IU/kg may 
be justified[6]. Recombinant Ⅶa has not demonstrated 
any alteration in the coagulation profile or outcomes 
in healthy volunteers or laboratory animals taking DE 
and has documented higher arterial thromboembolic 
events[15]. Subsequently, salvage therapy with rⅦa should 
be used cautiously, although a case report suggests high 
dose therapy (7.2 mg × 2) may be beneficial[16]. Activated 
PCC has been shown to correct the anticoagulant effect 
of  DE in animal models and reduces clot initiation time 
in humans in vitro. Siegal suggests using aPCC (80 U/kg) 
over PCC in patients taking DE, but reverses the recom-
mendation for patients taking rivaroxaban (XareltoR) or 
apixaban (Eliquis), acknowledging that any such recom-
mendation is based on limited data[17]. Kcentra has been 
shown to partially reverse the effects of  factor Ⅹa inhibi-
tors[14]. 

Dialysis is an attractive option as DE is not plasma 
bound and excreted renally, but this is the most invasive 
option and use may be limited due to injury severity. In 
patients with end-stage renal disease, dialysis removed 
62% of  circulating DE within two hours, although due 
to the volume of  distribution serum levels rebounded 
quickly upon cessation of  dialysis[9]. Selective case reports 
suggest that prolonged dialysis (6 h) with flow rates of  
700 mL/min improve outcome[16]. 

Maintaining adequate diuresis is important for all 
patients, but should not be overlooked as DE is excreted 
renally. Currently no role exists for desmopressin, prot-
amine sulfate, tranexamic acid, or vitamin K, or fresh fro-
zen plasma[3,6,7]. Platelet concentrates should only be used 
in cases with thrombocytopenia or concurrent antiplate-
let therapies. Although not yet available, a monoclonal 
antibody directed against DE is under development[17].

In our experience, less than one percent of  trauma 
and acute surgical admissions were taking DE and each 
surgeon averaged fewer than two patients per year. The 
percentage of  patients with TBI is remarkably similar. 
With such limited numbers, and reviewing the largest 
industry sponsored trial (18113 patients) reporting out-
comes of  22 patients with TBI, level 1 management rec-
ommendations are unlikely[18]. 

Subsequently, we developed an in-house protocol for 
patients admitted taking DE, where we obtain baseline 
clotting studies, a stat hematology consult for major or 
life-threatening hemorrhage, a nephrology consult for 
initiation of  hemodialysis, and the option of  giving a 40 
mcg/kg Ⅳ dose of  rfactor Ⅶa or Kcentra. 

Our study is limited by the small sample size and 

retrospective collection of  the data. Additionally, recom-
mendations extrapolated from the literature combine data 
from multiple laboratories and include human, animal, 
and in-vitro studies. Finally, treatment is individualized and 
up to the discretion of  the surgeon. 

In a conclusion, DE is a cost-neutral highly effective 
oral direct thrombin inhibitor approved recently along 
with two factor Ⅹa inhibitors, rivaroxaban and apixaban. 
Management of  the traumatic brain injury patient taking 
DE poses unique and confounding issues as the effect 
of  DE is not measurable and no reversal agents are cur-
rently recommended. Trauma surgeons manage patients 
on DE infrequently and such encounters may be frustrat-
ing. For patients taking DE, strategies for non-operative 
management of  bleeding are discretionary and institution 
dependent and include oral charcoal, maintaining ad-
equate diuresis, PCC, aPCC, and dialysis.
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Abstract 
Desmoplastic small round cell tumor (DSRCT) is a rare, 
aggressive malignant neoplasm of unknown origin, and 
is comprised of small round cells with a characteristic 
desmoplastic stroma. DSRCT typically expresses epi-
thelial, mesenchymal and neural markers simultane-
ously. We describe a case of DSRCT with an atypical 
immunohistochemical profile and rhabdoid-like tumor 
cells on electron microscopy. In the present case, the 
neoplastic cells were positive only for vimentin, des-
min (cytoplasmic membranous pattern) and CD56, 
and negative for smooth muscle actin, synaptophysin, 
CD117, CD45, myogenin, CAM5.2, pancytokeratin, 
WT1, EMA, CD99, neurofilament, CD34 and p53. Ki67 
showed a low proliferative activity. Electron microscopy 
showed focal rhabdoid differentiation. However, INI-1 

(SNF-5/BAF47) demonstrated preservation of nuclear 
positivity in the neoplastic cells. Cytogenetic studies 
showed translocation t(11;22)(p13;q12) confirming an 
EWSR1-WT1 translocation characteristic for DSRCT, and 
t(1;15)(q11;p11.2) of unknown significance. This case 
is a diagnostic challenge because of atypical immuno-
histochemical profile and cytogenetic study is crucial in 
rendering the correct diagnosis. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Desmoplastic small round cell tumor; Ultra-
structure; Cytogenetics; Rhabdoid cells; EWSR1-WT1

Core tip: We describe a case of desmoplastic small 
round cell tumor (DSRCT) with an atypical immuno-
histochemical profile and rhabdoid-like tumor cells on 
electron microscopy (EM). DSRCT typically expresses 
epithelial, mesenchymal and neural markers simultane-
ously. In this case, the neoplastic cells were positive 
only for vimentin, desmin and CD56 and negative for 
epithelial and other muscle markers. EM showed focal 
rhabdoid differentiation, but INI-1 (SNF-5/BAF47) dem-
onstrated preservation of nuclear positivity in the neo-
plastic cells. Cytogenetic studies showed translocation 
t(11;22)(p13;q12) confirming an EWSR1-WT1 translo-
cation characteristic for DSRCT,  and t(1;15)(q11;p11.2) 
of unknown significance.

Liang L, Tatevian N, Bhattacharjee M, Tsao K, Hicks J. Des-
moplastic small round cell tumor with atypical immunohisto-
chemical profile and rhabdoid-like differentiation. World J Clin 
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INTRODUCTION
Desmoplastic small round cell tumor (DSRCT) was first 
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described in 1989[1,2]. DSRCT is a rare, aggressive ma-
lignant neoplasm of  unknown origin, and is comprised 
of  small round cells with a characteristic desmoplastic 
stroma. DSRCT is most common in children and young 
adults (mean age 22 years), with a male predominance 
(male to female ratio 4:1)[3]. The most common loca-
tion is the abdominal and/or pelvic cavity, but it has 
been described in many organ systems, including ovary, 
paratesticular region, kidney, lung, pleura, parotid gland 
and central nervous system[4-11]. Typically, DSRCT has a 
distinctive immunohistochemical profile and expresses 
polyphenotypic markers simultaneously. The tumor cells 
usually express epithelial (cytokeratin, epithelial mem-
brane antigen), mesenchymal (desmin, vimentin) and 
neural (neuron-specific enolase, chromogranin, synap-
tophysin) markers. Desmin immunoreactive displays in 
a perinuclear dot-like Golgi pattern. DSRCTs with atypical 
morphology or immunohistochemical features have been 
reported[12,13]. Cytogenetics, FISH, RT-PCR and molecu-
lar testing are crucial in rendering the correct diagnosis[14].

DSRCT is associated with a unique chromosomal 
translocation t(11:22)(p13;q12) which involves the Ewing 
sarcoma gene breakpoint region 1 (EWSR1) on 22q13 
and the Wilms tumor gene (WT1) on chromosome 
11p13[15]. EWSR1 gene encodes EWS protein, which is a 
multifunctional protein associated with gene expression, 
cell signaling, and RNA processing and transport. WT1 
is a tumor suppressor gene that encodes a zinc finger 
protein which regulates several growth factors, including 
platelet-derived growth factor-A (PDGFA)[16]. The most 
common breakpoints involve the intron between EWSR1 
exon 7 and 8 and the intron between WT1 exons 7 and 8, 
although breakpoint variations have been described[17-19]. 

CASE REPORT
An 8 years old male with no known significant past 
medical history presented with 1 wk history of  vague 
abdominal pain. The child was afebrile, had regular bowel 
movements, tolerated a regular diet, and denied nausea 
and vomiting. Physical examination showed a mildly 
distended abdomen without a readily palpable mass. CT 
of  the abdomen and pelvis revealed a 17-cm heteroge-
neously enhancing complex cystic lesion, which displaced 
the colon and small intestine laterally and superiorly. On 
exploratory laparotomy, the mass was adherent to the 
omentum. The mass was tossed, with large dilated blood 
vessels on the external surface of  the tumor. The patient 
tolerated the surgical procedure well. 

Gross pathology
Upon gross examination, the mass was encapsulated, lob-
ulated and measured 17.0 cm × 11.0 cm × 5.0 cm, with 
attached omental tissue (Figure 1A, B). Cross sections of  
the mass showed variegated cut appearance ranging from 
tan to red to black in color. Focal areas of  hemorrhage 
and necrosis were noted. 

Microscopic and immunohistochemical features
Microscopic examination showed small round cell aggre-
gates embedded in a fibromyxoid stroma (Figure 1C-F). 
The tumor cells were round to oval with scant cytoplasm, 
hyperchromatic nuclei and inconspicuous nucleoli. How-
ever, certain tumor cells have a different histomorpholog-
ic appearance with enlarged nuclei, open chromatin and 
prominent nucleoli. Focal tumor necrosis and hemor-
rhage were present, corresponding to these features seen 
upon gross examination. Prominent vascular prolifera-
tion was associated with the tumor.  An atypical immuno-
phenotype (Figure 2A-D) was demonstrated. The tumor 
cells were positive only for vimentin, desmin (cytoplasmic 
membranous pattern) and CD56, while being negative 
for smooth muscle actin, synaptophysin, CD117, CD45, 
myogenin, CAM5.2, pancytokeratin, WT1, EMA, CD99, 
neurofilament, CD34 and p53.  Ki67 showed a low pro-
liferative activity. 

Ultrastructural features
Electronic microscopy (Figure 2E, F) showed closely 
apposed tumor cells with rudimentary intercellular junc-
tions and without myofilaments, dense core neurosecre-
tory granules, cytokeratin-like intermediate filaments and 
no glycogen aggregates. The tumor cells had irregular 
nuclear outlines, prominent heterochromatin and mod-
erate cytoplasm. There was readily identified rhabdoid 
differentiation within a certain population of  tumor cells. 
These tumor cells had large aggregates of  cytoplasmic 
filaments that displaced the nuclei to the periphery of  
the cell, with some tumor cells having indented nuclear 
profiles. There were also entrapped organelles within 
cytoplasmic filament whirls. Upon discovery of  these 
rhabdoid cells on ultrastructural examination, immuno-
histochemical staining for INI-1 (SNF-5/BAF47) was 
performed. Surprisingly, all tumor cells demonstrated 
preservation of  nuclear positivity, eliminating rhabdoid 
tumor from the differential diagnosis.

Cytogenetics
Upon cytogenetic analysis, the karyotype of  the  cultured 
tumor cells was shown to be 46,XY, t(11;22)(p13;q12)[
12]/92, idemx2[4] with t(1;15)(q11;p11.2). The t(11;22) 
translocation harbored the EWSR1-WT1 translocation, 
a tumor-defining feature of  DSRCT. A diagnosis of   
DSRCT with rhabdoid-like cell component was rendered. 

DISCUSSION
The differential diagnosis of  a “small round cell tumor” 
includes Ewing sarcoma, Wilms tumor, neuroblas-
toma, medulloblastoma, rhabdomyosarcoma, small cell 
osteosarcoma, small cell synovial sarcoma, small cell 
carcinoma, lymphoma, and rhabdoid tumor. DSRCT 
has characteristic immunohistochemical features, with 
expression of  epithelial, mesenchymal and neural mark-
ers simultaneously, which is helpful in differentiating 
DSRCT from other “small round cell tumors”. However 
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in the present case, the tumor cells were negative for 
many epithelial, myogenic and neural markers and posi-
tive only for vimentin, CD56 and desmin. CD56 is a 
nonspecific marker, and expressed in many “small round 
cell tumors”, including alveolar rhabdomyosarcoma, 
embryonal rhabdomyosarcoma, neuroblastoma, Wilms 
tumor, neuroendocrine neoplasms and undifferentiated 
sarcoma[20]. Desmin showed a cytoplasmic membranous 
pattern, instead of  the typical perinuclear dot-like Golgi 
pattern characteristic for DSRCT. The atypical immuno-
histochemical features made it difficult to make a correct 
diagnosis by morphologic and immunohistochemical 
features alone. DSRCT lacking epithelial markers and/or 
divergent immunophenotype has been described in sev-
eral reports[12,13,21]. Cytogenetic and molecular studies are 
crucial in these cases in rendering an accurate diagnosis.

DSRCT can have many morphologic variations[22-24]. 

In our case, focal rhabdoid differentiation was identi-
fied on EM. However, the nuclear expression of  SNF-
5(INI1/BAF47) was preserved in the tumor cells, which 
did not support a diagnosis of  rhabdoid tumor. The 
ultrastructural features of  DSRCT include intracellular 
whirls and packets of  intermediate filaments that usually 
fill the cytoplasm and displace the nucleus, while entrap-
ping cytoplasmic organelles within the filaments[25-27]. 
Rhabdoid differentiation, as well as focal areas with in-
creased nuclear atypia, has been previously described in 
DSRCT [28]. Although DSRCT usually has a desmoplastic 
stroma, this was not present in our case. Prominent vas-
cular proliferation can be seen in DSRCT, as in our case, 
and the differential diagnosis of  infiltrating glomus tumor 
may be entertained. However, infiltrating glomus tumor 
typically expresses smooth muscle actin and variably des-
min. Other morphologic variations previously described 
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Figure 1  Gross and microscopic feature of abdominal mass. A, B: Gross examination showed an encapsulated and lobulated soft tissue mass with attached 
omental tissue; C-F: The small round cell tumor possessed round to oval hyperchromatic nuclei with inconspicuous nucleoli and scant cytoplasm. Focal tumor cells 
with enlarged nuclei, open chromatin and prominent nucleoli, as well as rhabdoid differentiation were noted. Focal tumor necrosis and hemorrhages were present (HE 
staining).
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in DSRCT, such as signet ring-like appearance, “zellbal-
len” pattern, tubular-like structure or papillary areas were 
not identified in our case[23,29]. 

Interestingly, our case not only had an unusual immu-
nohistochemical profile, but also a unique  karyotype. Cy-
togenetic study showed translocation t(11;22)(p13;q12), 
which is characteristic of  DSRCT, and an additional 
translocation t(1;15)(q11;p11.2). Even though the char-
acteristic EWSR1/WT1 translocation can be detected 
by reverse transcription polymerase chain reaction (RT-
PCR), cytogenetic testing is necessary to detect tumor-
defining translocations, novel translocations and complex 
karyotypic aberrations. Of  note, the INI-1 (hSNF5) gene 
is located at 22q11.2 in close proximity to EWSR1. This 
close proximity may have led to dysregulation of  the 
IN1-1 gene function without loss of  INI-1 gene protein 
expression. Rhabdoid tumors without INI-1 gene loss 

or mutation and expression of  INI-1 gene protein have 
been reported[30]. These rhabdoid tumors have loss or 
mutation of  SMARCA4 (19p13.2) which dysregulates a 
signaling pathway downstream from INI-1 gene protein 
function. In an extensive search of  the English language 
literature,  the t(1;15)(q11;p11.2)  has not been previously 
reported in pediatric neoplasia. Of  interest, translocations 
involving 1q11 have been reported in myelodysplastic 
syndromes. The pericentromeric region of  chromosome 
1 is an unstable region involved in several chromosomal 
rearrangements. A possibility is that the heterochroma-
tin of  chromosome 1 may have a silencing effect, or 
otherwise interfering effect, with genes present in the 
region involved in the translocation. Few myelodysplastic 
syndrome cases with a der(1;15) translocation have been 
reported[31]. 

In the present case, infrequent tumor cells also showed 
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Figure 2  Immunohistochemical and ultrastructural features of abdominal mass. Tumor cells exhibited strong diffuse cytoplasmic vimentin expression (A), dif-
fuse membranous CD56 expression (B), cytoplasmic and membranous desmin expression (C), and nuclear INI-1 reactivity (SNF-5/BAF47) with tumor cells and non-
neoplastic cells. Electron microscopy (E, F) showed closely apposed tumor cells with irregular nuclear outlines and heterochromatin. There were intermixed tumor 
cells with aggregates and whirls of intermediate filaments (arrows) that displaced the nuclei and entrapped organelles.
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tetraploid clonal evolution, which is common in many 
tumors and has been previous reported in DSRCT[32]. Our 
hypothesis is that the unusual immunohistochemical pro-
file in our case was due to the complex karyotype. It is de-
batable if  the tumors with complex karyotype should still 
be called DSRCT or a new category of  “gray zone small 
blue cell tumor” should be created in the future. Currently, 
no standard oncologic therapy is available for DSRCT and 
the prognosis is dismal even with multimodality oncologic 
therapy[33-35]. The 5-year survival rate is approximately 
15%[35]. The prognosis significance of  DSRCT with com-
plex karyotype is currently unclear.

COMMENTS
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An 8 years old male with no known significant past medical history presented 
with 1 wk history of vague abdominal pain.
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The child was afebrile, had regular bowel movements, tolerated a regular diet, 
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tended abdomen without a readily palpable mass.
Differential diagnosis
Electronic computer X-ray tomography technique of the abdomen and pelvis 
revealed a 17-cm heterogeneously enhancing complex cystic lesion, which dis-
placed the colon and small intestine laterally and superiorly.
Treatment
The authors describe a case of desmoplastic small round cell tumor with an 
atypical immunohistochemical profile and rhabdoid-like tumor cells on electron 
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Abstract
A 50-year-old male who underwent a HeartMate Ⅱ left 
ventricular assist device placement for ischemic cardio-
myopathy presented with discolored urine and hemolysis 
3 mo after the operation. His hemolysis was thought to 
be due to thrombosis within the pump. Imaging studies 
were not able to visualize a left ventricular thrombus. 
Medical management with anticoagulation failed and he 
underwent surgery for a pump exchange. Intraopera-
tively, a firm thrombus was found within the pump of the 
HeartMate Ⅱ, and the color of the urine changed dra-
matically from cola-colored to yellow which enabled us to 
confirm the diagnosis. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cardiac surgery; Hemolysis; Left ventricular 
assist device; Thrombosis

Core tip: Diagnosis of pump thrombosis is difficult, but 
the intraoperative change of the color of urine may be 
seen almost immediately after pump exchange. This 
report also highlights the technical aspect of replacing 
the HeartMate Ⅱ pump, and we believe the images are 
educational for the readers.

Unai S, Hirose H, Entwistle JWC, Samuels LE. Resolution of he-
molysis from pump thrombus during left ventricular assist device 
exchange. World J Clin Cases 2014; 2(8): 373-376  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i8/373.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i8.373

INTRODUCTION
HeartMate Ⅱ (Thoratec, Pleasanton, CA) is a continu-
ous flow left ventricular assist device (LVAD), which has 
improved the quality of  life and survival of  patients who 
have end-stage heart failure refractory to medical therapy. 
The device is consisted of  an inflow cannula in the left 
ventricle, axial flow pump, and an outflow graft to the 
ascending aorta. It is designed for long-term usage, either 
bridge to transplant or destination therapy. Since 2006, 
more than 10000 HeartMate Ⅱ LVADs have been im-
planted, and 2500 LVADs have been implanted in 2013, 
according to the INTERMACS registry[1]. Consequently, 
the incidence of  device-related complications, such as 
pump thrombosis, infection, bleeding, has increased, 
which often require re-admission and/or surgery[2]. Pump 
thrombosis is one of  the common causes of  hemolysis 
in patients with LVAD. Hemolysis related to the LVAD 
could be due to kinking of  the outflow graft, malposi-
tion of  the inflow cannula, or malfunction of  the pump. 
We present a case of  an LVAD thrombosis that pre-
sented with hemolysis and discolored urine 3 mo after 
the LVAD placement. The patient failed conservative 
medical management and underwent surgery for pump 
exchange. Thrombus was seen in the pump and the color 
of  the urine changed dramatically after the pump was 
exchanged which enabled us to confirm the diagnosis of  
pump thrombosis.

CASE REPORT
A 50-year-old male with a history of  axillo-bifemoral 
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bypass for bilateral chronic iliac artery occlusive disease, 
ischemic cardiomyopathy with an ejection fraction of  
20%, underwent placement of  a HeartMate Ⅱ LVAD as 
a bridge to cardiac transplantation. Preoperative hematol-
ogy work-up disclosed no evidence of  hypercoagulability. 
Heparin infusion was started on postoperative day 1 and 
warfarin was started on postoperative day 3. Heparin drip 
was maintained with a goal PTT level of  60 to 70 s until 
the INR reached 1.8. He was discharged on postoperative 
day 15 on aspirin 325 mg and warfarin with a target INR 
of  1.8 to 2.5. Upon discharge, the LVAD was set at 9200 
rpm, giving a flow of  5.7 L/min, with a pulsatility index 
(the pulsatility of  the flow through the pump) of  5.5 and 
pump power (a direct measurement of  motor voltage and 
current) of  6.7 watts. 

Three months later on his scheduled office visit, his 
lactate dehydrogenase (LDH) was found to be elevated 
to 1352 IU/L (Table 1). His baseline LDH level was 
between 400 and 500 IU/L. Interrogation of  the pump 
parameters revealed several episodes of  elevation in the 
pump power a few days before the office visit that had 
since resolved. It was thought to be due to a small pump 
thrombus that resolved spontaneously. Ten days later, 
he was admitted to the hospital due to discolored urine. 
Urine analysis showed strongly positive hemoglobin, very 
few red blood cells, and white blood cells. He denied any 
chest pain, shortness of  breath, or edema. There were 
no signs of  infection. Hemoglobin was 7.6 g/dL, plasma 
free hemoglobin was 52.0 mg/dL. The LDH, hapto-
globin, AST were unable to be measured due to severe 
hemolysis. Other lab values included INR 1.7, serum 
creatinine 1.9 mg/dL (baseline 1.2 mg/dL), total biliru-
bin 1.1 mg/dL. Echocardiography showed severe biven-
tricular dysfunction and opening of  the aortic valve with 
every heartbeat. The velocity through the inflow cannula 
was 1.1 m/s. The LVAD parameters showed occasional 
pump power elevation over 9 watts. Heparin was initiated 
but there was no resolution of  the discolored urine over 
three days. Although echocardiography and chest CT 
scan failed to demonstrate a thrombus, he was clinically 
diagnosed with pump thrombosis. Due to the persistently 
elevated creatinine and requirement of  multiple blood 

transfusions for hemolytic anemia despite optimum 
medical therapy, the decision was made to proceed with 
pump exchange.

After resternotomy, cardiopulmonary bypass (CPB) 
was established with ascending aorta and right femoral 
vein cannulation, as the femoral arteries were not able 
to be cannulated due to iliac artery occlusions. To gain 
access to the inflow portion of  the LVAD, a left subcos-
tal incision was added and the body of  the HeartMate 
Ⅱ pump was removed by unscrewing the inflow- and 
outflow- connections. It was replaced with a new Heart-
Mate Ⅱ pump (Figure 1). There was no thrombus in the 
inflow cannula or outflow conduit. Intraoperative inspec-
tion of  the original LVAD interior demonstrated a firm 
thrombus along the inlet stator (Figure 2). The urine col-
or was tea-colored before CPB (Figure 3A). It changed to 
reddish upon cessation of  flow from the original LVAD 
and institution of  CPB (Figure 3B). Following initiation 
of  the new LVAD flow and discontinuation of  CPB, it 
changed to a yellow color (Figure 3C). Postoperative re-
covery was steady and his renal function recovered with 
clear urine (Table 1). Anticoagulation therapy consisted 
of  intravenous heparin with overlapping warfarin (INR 
2.5 to 3.5), aspirin 325 mg, and clopidogrel 75 mg. He 
was discharged home on postoperative day 8. The patient 
was symptom free afterwards, and underwent heart trans-
plant 2 mo later.

DISCUSSION
LVAD therapy requires a balance between anticoagula-
tion and hemostasis to prevent the complications of  
bleeding and thrombosis. There are many anticoagulation 
regimens to achieve this goal, and most combine inhibi-
tion of  the clotting cascade with warfarin and at least 
one antiplatelet agent. The optimal anticoagulation/anti-
platelet strategy remains elusive because of  the heteroge-
neity in the reaction between the biological components 
(i.e., blood) and artificial surfaces (i.e., LVAD) as well as 
the variability in the responsiveness to anticoagulants and 
anti-platelet medications[3]. As a result of  this imperfect 
coexistence between “man” and “machine”, the lead-
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Figure 1  Intraoperative photo after the replacement of the pump. IC: Inflow 
connection; OC: Outflow connection.

IC
OC

Figure 2  Inspection of the pump revealed a firm thrombus along the inlet 
stator.



ing causes of  LVAD readmissions include bleeding and 
thrombosis. Thrombosis of  the LVAD is a potentially 
lethal complication which occurs in 2% to 3% of  the 
patients who receive the HeartMate Ⅱ LVAD and the in-
cidence is reported to be increasing[4-6]. Patients typically 
present with elevated pump power, heat over the pump, 
heart failure and signs of  hemolysis. Echocardiography 
may show opening of  the aortic valve due to inadequate 
decompression of  the left ventricle (LV) and increased 
LV end-diastolic diameter. Serial recording of  LV end-
diastolic diameter while increasing the pump speeds may 
diagnose pump thrombus or other flow obstructions[7]. 
However, there have been reports of  pump thrombosis 
with normal echo and pump parameters as well[8,9]. He-
molysis may be the only sign of  thrombosis, although he-
molysis may be due to various reasons, such as kinking of  
the outflow graft, malposition of  the inflow cannula or 
the pump itself  (high shear stress, etc.)[8,9]. The diagnostic 
challenge is that pump thrombus may not be visualized 
with contrast CT scan or echocardiography, due to arti-
facts caused by the metallic housing of  the LVAD[8]. In 
our case, we were able to confirm that the hemolysis was 
due to pump thrombosis by intraoperative inspection of  
the removed pump and the resolution of  the urine after 
pump exchange.

Change of  urine color is easily noticeable to patients 

and should be promptly addressed as a sign of  possible 
pump thrombosis. In the current era of  non-pulsatile 
LVAD therapy, it is likely that the risk of  pump thrombosis 
and hemolysis will remain, and LVAD exchange may be 
necessary in cases that are refractory to medical manage-
ment. Fortunately, the modular nature of  LVAD technol-
ogy allows for pump exchange with a reasonable degree 
of  safety; the mortality is reported to be 6% to 7%[10,11]. In 
contrast, medical management; adding anti-platelet agents 
such as dipyridamole or clopidogrel, increasing the dose 
of  aspirin and/or increasing the target PT-INR for antico-
agulation, resulted in a 48.2% mortality in the following six 
months after the diagnosis of  pump thrombosis[6]. 

In conclusion, thrombosis during LVAD therapy is a 
potentially life-threatening complication requiring prompt 
diagnosis and management. We presented a report of  
LVAD thrombosis causing hemolysis and discoloration 
of  the urine that resolved promptly after the pump ex-
change. The diagnosis is challenging, but we were able to 
confirm the diagnosis by intraoperative inspection of  the 
pump and the prompt resolution of  the discolored urine.

COMMENTS
Case characteristics
A 50-year-old-male with a history of HeartMate II implantation presented with 
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A B C
Figure 3  Urine color. A: Before CPB; B: After CPB and cessa-
tion of the old pump; C: After pump replacement. CPB: Cardio-
pulmonary bypass.

Table 1  Laboratory values

Outpatient (1 mo prior to admission) Outpatient (1 wk prior to admission) Admission Post pump exchange (POD 7)

White blood cells (B/L)   6.5   6.7 8 10.7
Hemoglobin (g/dL) 10.8   8.4   7.6 11.6
Hematocrit 35.1% 27.9% 24.5% 36.4%
Platelets (B/L) 158   139 164 162
Reticulocytes   7.4% 2.8%
Na (mEq/L) 139   136 131 137
K (mEq/L)     4   4.7   4.9 3.8
BUN (mg/dL)   17 16 28 26
Creatinine (mg/dL) 1.2   1.4   1.9 1.5
Total bilirubin (mg/dL) 0.4   0.5   1.1 0.9
Aspartate aminotransferase (IU/L)   40     60 1 34
Lactate dehydrogenase (IU/L) 707 1382 1 527
Plasma free hemoglobin (mg/dL) 52 6.4
Haptoglobin (mg/dL) 1

Urine color Light red Yellow
Red blood cell in urine (/HPF) 1 < 1

1Unable to be obtained due to hemolysis.

 COMMENTS

Unai S et al . LVAD and pump thrombosis



discolored urine.
Clinical diagnosis
He denied any chest pain, shortness of breath, or edema.
Differential diagnosis
Discolored urine and the lab values suggesting hemolysis, occasional pump 
power spikes were thought to be due to pump thrombosis.
Laboratory diagnosis
Hemoglobin 7.6 g/dL; plasma free hemoglobin 52.0 mg/dL; PT-INR 1.7; serum 
creatinine 1.9 mg/dL; total bilirubin 1.1 mg/dL. The lactate dehydrogenase, hap-
toglobin, AST were not able to be measured due to severe hemolysis.
Imaging diagnosis
Echocardiography showed severe biventricular dysfunction and opening of the 
aortic valve with every heartbeat. 
Treatment
The patient underwent pump exchange.
Related reports
Medical management resulted in a 48.2% mortality in the following six months 
after the diagnosis of pump thrombosis.
Experiences and lessons
The diagnosis of pump thrombosis is challenging, but the authors were able to 
confirm the diagnosis by intraoperative inspection of the pump and the prompt 
resolution of the discolored urine.
Peer review
The manuscript describes frequent complication of left ventricular assist device. 
The manuscript is well written and has a good structure with excellent images. 
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Abstract
Renal cell carcinoma is a common urological malig-
nancy with the unique ability to invade the inferior vena 
cava (IVC) and to extend into the right atrium of the 
heart. Of those with Renal cell carcinoma only 4%-25% 
are found to have IVC invasion and of those only 
2%-10% extend into the right atrium. If treated surgi-
cally, extension of tumor thrombus is not a determinant 
of survival; therefore it is imperative to determine the 
presence and extent of tumor thrombus in order to de-
termine surgical approach and tumor resection. To date 
this has been primarily accomplished by magnetic reso-
nance imaging and computed tomography. We pres-
ent a case of 61 years old African American woman in 
which transthoracic echocardiography provided a more 
accurate determination/characterization of the presence 
and degree of tumor thrombus and extension.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Renal cell carcinoma is a common urological 
malignancy with the ability to invade the inferior vena 
cava and to extend into the right atrium of the heart. 
If treated surgically, extension of tumor thrombus is 
not a determinant of survival; therefore it is imperative 
to determine the presence and extent of tumor throm-
bus. To date, this has been primarily accomplished by 
magnetic resonance imaging and computed tomogra-
phy; however, we present a case in which transthoracic 
echocardiography provided a more accurate determi-
nation/characterization of the presence and degree of 
tumor thrombus and extension.

Bejarano M, Cameron YL, Koutlas TC, Movahed A. Transtho-
racic echo: A sensitive tool for detecting cardiac extension of 
renal cell carcinoma? World J Clin Cases 2014; 2(8): 377-379  
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INTRODUCTION
Renal cell carcinoma is a common urological malignancy 
with the unique ability to invade the inferior vena cava 
(IVC) and to extend into the right atrium of  the heart. 
Of  those with Renal cell carcinoma (RCC) only 4%-25% 
are found to have IVC invasion and of  those only 
2%-10% extend into the right atrium. If  treated surgi-
cally, extension of  tumor thrombus is not a determinant 
of  survival; therefore it is imperative to determine the 
presence and extent of  tumor thrombus in order to de-
termine surgical approach and tumor resection. To date 
this has been primarily accomplished by magnetic reso-
nance imaging (MRI) and computed tomography (CT).

CASE REPORT
A 61 years old African-American female with past medi-



cal history of  hypertension, hyperlipidemia, and diabetes 
mellitus initially presented to her primary care physician 
for progressively worsening fatigue, anorexia, and weight 
loss. As part of  her work-up, she underwent an abdomi-
nal and pelvis CT scan, which revealed a large right sided 
renal mass with possible invasion of  the right renal vein 
and inferior vena cava. A follow up abdominal MRI 
confirmed the presence of  a very large right-sided renal 
mass consistent with renal cell carcinoma and subsequent 
invasion of  the right renal vein and adjacent inferior vena 
cava. Further assessment revealed a tumor thrombus 
extending beyond the renal veins into the intrahepatic 
inferior vena cava and toward the right atrium. In order 
to fully characterize the extent of  tumor thrombus exten-
sion, a CT angiogram (CTA) of  the chest and transtho-
racic echocardiogram (TTE) was done. The chest CTA 
revealed a filling defect in the IVC in the intrahepatic and 
subhepatic regions consistent with known tumor throm-
bus, but showed no evidence of  right atrium invasion 
(Figure 1). On the other hand, the TTE showed a large 
right atrial mass (Figure 2) with diastolic prolapse into 
the right ventricle and extension into the IVC (Figure 3). 
In the setting of  her known history of  RCC with migra-
tion and the fact that this mass was also seen to extend 
into the IVC, it was felt that this was indeed right atrial 
invasion of  the tumor thrombus and less likely to be a 

hematological thrombus. A preoperative left heart cath-
eterization was also performed revealing significant mid 
right coronary artery disease. 

After completing the aforementioned preoperative 
assessment and evaluation by Urology, Vascular Surgery 
and Cardiothoracic Surgery, the patient underwent a radi-
cal nephrectomy and resection of  the inferior vena cava 
and right atrial tumor thrombi (Figure 4). She simultane-
ously underwent a single vessel coronary artery bypass 
for her right coronary artery disease. There were no sur-
gical complications and the patient’s postoperative course 
was unremarkable. 

DISCUSSION
Renal cell carcinoma tumor thrombus has a propensity 
to invade the main renal veins as well as the IVC and in 
rare circumstances can extend into the right atrium of  
the heart[1,2]. In order to properly classify RCC exten-
sion and plan the appropriate surgical technique and ap-
proach, one would imagine that establishing the location 
of  the superior margin of  the tumor thrombus would be 
essential[1,3]. At this time the mainstay or gold standard 
of  renal mass detection and characterization (including 
RCC) is CT scan and MRI[1,4,5]. CT scan has shown to be 
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Figure 1  Computed tomography scan (coronal view) revealing inferior 
vena cava thrombus with no evidence of extension into the right atrium.  

Figure 3  Subcostal view showing the tumor thrombus extending from the 
inferior vena cava into the right atrium.

Figure 2  Subcostal view showing the right atrial thrombus. Figure 4  Peri-operative view of the tumor thrombus within the inferior 
vena cava extending into the right atrium.



most accurate in evaluating the extent of  local growth as 
well as the presence or absence of  metastasis (i.e., to the 
pancreas, bone). On the other hand MRI has been more 
accurate in delineating the superior margin of  any tumor 
thrombus, and thereby classifying RCC tumor thrombus, 
as well as differentiating between bland/hematologic 
thrombus and tumor thrombus[1,4,5]. Traditionally TTE 
has been used to further delineate the supradiaphrag-
matic extension of  tumor thrombus. In our case, TTE 
accurately illustrated the cranial extent of  tumor throm-
bus into the right atrium which was in fact missed on the 
traditionally used CT scan. 

For level IV tumors (Table 1) such as was found in 
our patient, cardiopulmonary bypass (CPB) with or with-
out hypothermic circulatory arrest (HCA) is necessary for 
safe and complete extraction of  the thrombus[1,3,6]. This 
surgical approach provides a bloodless surgical field that 
allows optimal visualization of  the hepatic veins, IVC and 
Right Atrium for complete tumor thrombus resection. 
As incomplete resection of  these tumors confers a higher 
rate of  metastatic recurrence and decreased postoperative 
survival, it is imperative to clearly delineate the superior 
margin of  any tumor thrombus[1,3,6]. 

In our case, the patient’s preoperative evaluation in-
cluded a CT abdomen/pelvis, CT chest, MRI abdomen, 
and TTE. Unexpectedly, it was the TTE that provided 
the most accurate determination of  the cranial extent of  
the tumor thrombus. Proper classification of  the tumor 
thrombus allowed for the appropriate surgical approach 

to be undertaken ensuring the best patient outcome.
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Table 1  Classification of renal cell carcinoma tumor thrombus

Tumor thrombus level[6]               Characteristics[6]

Level Ⅰ  Extension to 2 cm above the renal vein 
into the IVC

Level Ⅱ Extension to the subhepatic level, > 2 
cm above the renal vein BUT below the 
diaphragm

Level Ⅲ Extension into the intrahepatic IVC BUT 
below the diaphragm

Level Ⅳ Extension into the right atrium of the 
heart

IVC: Inferior vena cava.
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Abstract
We report the first case of acute renal failure secondary to 
prucalopride, a novel agent for the treatment of chronic 
constipation. The 75 years old male patient was initiated 
on prucalopride after many failed treatments for constipa-
tion following a Whipple’s procedure for pancreatic cancer. 
Within four months of treatment his creatinine rose from 
103 to 285 μmol/L (eGFR 61 decrease to 19 mL/min per 
1.73 m2). He was initially treated with prednisone for 
presumed acute interstitial nephritis as white blood casts 
were seen on urine microscopy. When no improvement 
was detected, a core biopsy was performed and revealed 
interstitial fibrosis and tubular atrophy. The presence of 
oxalate and calcium phosphate crystals were also noted. 
These findings suggest acute tubular necrosis which may 
have been secondary to acute interstitial nephritis or he-
modynamic insult. The use of prednisone may have sup-
pressed signs of inflammation and therefore the clinical 
diagnosis was deemed acute interstitial nephritis causing 
acute tubular necrosis. There are no previous reports of 

prucalopride associated with acute renal failure from the 
literature, including previous Phase Ⅱ and Ⅲ trials.  

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Prucalopride; Acute kidney tubular necrosis; 
Renal insufficiency; Constipation; Adverse drug event

Core tip: Prucalopride is a novel agent used in the 
treatment of chronic constipation. We report the first 
case of acute renal failure secondary to prucalopride 
four months after treatment initiation. A core renal 
biopsy after prednisone therapy revealed interstitial 
fibrosis and tubular atrophy. These findings suggested 
acute tubular necrosis secondary to acute interstitial 
nephritis. There are no previous reports of prucalopride 
associated with acute renal failure from the literature, 
including previous Phase Ⅱ and Ⅲ trials. This case re-
ports highlights the need for monitoring renal function 
in all patients treated with prucalopride. 

Sivabalasundaram V, Habal F, Cherney D. Prucalopride-associat-
ed acute tubular necrosis. World J Clin Cases 2014; 2(8): 380-384  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i8/380.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i8.380

INTRODUCTION
Chronic constipation is very common and affects 14% 
of  the general population[1]. The incidence rises with age, 
and is higher in women and those with lower socioeco-
nomic status[2]. It is characterized by infrequent bowel 
and often associated with abdominal discomfort, bloat-
ing and cramps. Patients are susceptible to complications 
such as hemorrhoids and anal fissures. The consequences 
on quality of  life, health care costs and activity impair-
ment are also significant[3]. 

The treatment of  constipation requires a multi-
faceted approach which includes lifestyle changes, dietary 
adjustments, stool softeners, osmotic agents and laxa-
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tives[4,5]. Another target for intervention is the 5 hydroxy-
tryptamine-4 (5-HT4) receptor. Until recently, drugs have 
lacked specificity for the 5-HT4 receptor resulting in an 
unfavourable risk-benefit ratio with side effects of  seri-
ous cardiovascular arrhythmias[6,7]. Prucalopride however 
has demonstrated a high selectivity and affinity for this 
receptor in the gut with a high efficacy compared to pla-
cebo in patients with severe constipation[8-10] and in those 
who have failed previous laxative therapy[11,12]. The most 
common adverse effects were headache, nausea, diarrhea 
and abdominal pain, with no significant cardiovascular 
effects. Renal failure was not found to be associated with 
prucalopride and no change in chemical laboratory data 
was reported from baseline in all of  the phase 3 stud-
ies[8,12,13]. Randomized trials in elderly patients also found 
prucalopride to be safe with no effect on renal or cardiac 
function[10,14]. We report the first case of  pruaclopride 
associated renal failure which was irreversible following 
discontinuation of  the medication.

CASE REPORT
A 75 years old male developed chronic constipation fol-
lowing a Whipple’s pancreaticoduodenectomy for pan-
creatic cancer 19 mo earlier. Over this period, he had 
multiple emergency room visits for abdominal cramps 
and pain which were on occasion related to severe con-
stipation and obstipation. He required regular cleans-
ing regimens in hospital, and repeated upper and lower 
endoscopies revealed no significant pathology. He was 
referred to a gastroenterologist and his pain resolved with 
discontinuation of  his pancrealipase preparation. After 
failing several months of  therapy for constipation with 
various bulking, osmotic and stimulant laxatives, he was 
initiated on prucalopride (Resotran), a new enterokinetic 
agent, at a dose of  2 mg once daily.

Besides his Whipple’s procedure, his surgical history 
is also significant for an open prostatectomy nine years 
prior for benign prostatic hyperplasia, remote appendec-
tomy, and a hernia repair. His medical history includes 
hypertension, dyslipidemia, and a cerebrovascular isch-
emic stroke with minimal neurologic deficits. His medica-

tions at this time were clopidogrel, pantoprazole, cande-
sartan, indapamide, gabapentin, sennoside, as well as 30 g 
of  fiber daily. 

The patient was seen four months after the initiation 
of  prucalopride and was now having regular bowel move-
ments for the first time since his Whipple’s surgery. He 
required no further admissions to hospital and his quality 
of  life significantly improved while using prucalopride 
as the sole agent for management of  his constipation. It 
was however noted that his creatinine was had risen from 
a baseline of  103 (eGFR baseline 61 mL/min per 1.73 
m2, stable for at least 4 years) to 165 μmol/L (eGFR 35 
mL/min per 1.73 m2) in two months, and further to 270 
μmol/L (eGFR 19 mL/min per 1.73 m2) by four months 
(Figure 1). He endorsed no symptoms of  decreased oral 
intake, oliguria, abdominal pain, nausea, vomiting, periph-
eral swelling, or shortness of  breath. He also denied any 
irritative or obstructive urinary symptoms. There were no 
recent changes to his medications, or any use of  over the 
counter medications such as non-steroidal anti-inflamma-
tory drugs. His candesartan was held and he was referred 
to a nephrologist for an urgent assessment.

At this appointment he was found to have a normal 
blood pressure on examination, with no signs of  a rash, 
peripheral edema, or volume overload. His blood work 
now demonstrated an elevated creatinine of  285 μmol/L 
at 4.5 mo following prucalopride administration. A com-
plete work up for other renal disease including glomerular 
based diseases was negative and the patient did not have 
peripheral eosinophilia. Urinalysis showed +1 proteinuria, 
trace blood, and urine microscopy revealed many white 
blood cell casts. An ultrasound of  his kidneys showed no 
signs of  obstructive uropathy and Doppler examination 
of  his renal arteries and veins were normal. He was di-
agnosed with acute interstitial nephritis secondary to his 
exposure to prucalopride and was instructed to stop this 
medication. He was started on prednisone 40 mg daily 
for one week, followed by a taper of  5 mg weekly. The 
patient was seen in follow-up two weeks later for repeat 
blood work. Unfortunately his creatinine remained ele-
vated at 310 μmol/L while on prednisone at a dose of  30 
mg daily. Given the lack of  renal recovery, a renal biopsy 
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Figure 1  The level of patient’s creati-
nine.



was performed within one week. 
The core biopsy specimen from the left kidney 

showed 11 of  39 glomeruli globally sclerosed, while the 
remainder of  the glomeruli showed no increase in me-
sangial matrix or cellularity (Figure 2A). There was mini-
mal interstitial inflammation, with moderate degenerative 
and regenerative changes within the tubules. There was 
moderate (40%) interstitial fibrosis and tubular atrophy. 
There was no arteriolar hyalinosis and moderate arterial 
sclerosis. Many of  the tubules also contained oxalate and 
calcium phosphate crystals (Figure 2B). Immunofluores-
cence was negative for immunoglobulin A, G and M, as 
well as C3, C1q, kappa or lambda. Electron microscopy 
of  the non-sclerosed glomeruli revealed no immune-type 
deposits, nor any tubuloreticular inclusions. The glo-
merular basement membranes were mildly wrinkled and 
within normal limits of  thickness. There was moderate 
effacement of  the podocyte foot processes (30%). These 
findings were consistent with acute tubular necrosis with 
no evidence for interstitial nephritis. 

According to the Naranjo probability score of  ad-
verse drug reactions[15], our patient’s case was classified 
as a ‘probable adverse drug reaction’ of  prucalopride 
induced kidney injury. Points were given for temporal 
causality, lack of  an alternative cause of  the reaction, lack 
of  progression with drug discontinuation, and objective 
confirmation of  kidney injury with the renal biopsy. 

The patient remained on prednisone at 20 mg daily 
until seen in follow-up three weeks later. Repeat creati-
nine remained elevated at 309 μmol/L. His prednisone 
taper was resumed at 5 mg per week and was ultimately 
discontinued since there were no signs of  ongoing 
inflammation in the biopsy specimen. The patient un-
fortunately did not have any further renal recovery and 
his symptoms of  constipation returned while off  pru-
calopride. The search for alternative regimen to treat his 
chronic constipation is ongoing.

DISCUSSION
Prucalopride is a novel highly selective 5-HT4 receptor 
agonist developed for the treatment of  chronic consti-
pation among patients with an inadequate response to 
laxatives. The safety of  this medication was assessed in 
all the Phase Ⅱ trials, and in three Phase Ⅲ pivotal trials. 

A total of  1974 patients were evaluated in the phase Ⅲ 
trials, with 1313 receiving prucalopride[8,12,13]. The most 
frequent adverse events reported were headache, ab-
dominal pain, nausea and diarrhea, with most symptoms 
occurring on the first day. None of  the phase Ⅲ trials 
reported changes in renal function as measured by blood 
work at baseline and throughout the study. Two smaller 
placebo-controlled randomized trials in elderly patients 
with a mean age of  76 and 83, randomized a total of  301 
patients to prucalopride[10,14]. The same profile of  adverse 
events were seen in these trials with elderly patients as 
the larger phase Ⅲ trials. However, in both trials, pru-
calopride was only administered for 4 wk and while no 
kidney injury was reported after short-term use, there is 
a lack of  long-term data in the elderly. Numerous other 
smaller randomized trials with prucalopride also found 
no associated reports of  renal impairment[9,11,16,17]. Elderly 
patients are at increased risk for baseline renal dysfunc-
tion. In the patient described in this report, although 
stable for least 4 years, the eGFR of  61 mL/min per 1.73 
m2, likely reflected some degree of  underlying chronic 
kidney disease. The elderly patient demographic and po-
tential for underlying chronic kidney disease emphasize 
the importance of  including this group in study trials for 
safety outcomes.

Our case demonstrates the first report of  acute tubu-
lar necrosis associated with prucalopride administration. 
A thorough search on PubMed, Embase and Medline 
demonstrated no other reports of  acute kidney injury 
secondary to prucalopride. A search for an association 
with alternative serotonin receptor agonists, such as cis-
apride or tegaserod, with kidney injury also found no 
previous case reports. Whether the acute tubular necrosis 
was due to acute interstitial nephritis or hemodynamic 
insult cannot be definitively known in this case, since the 
patient was treated empirically with steroids based on the 
prominent white blood cell casts on urinalysis. However 
it remains likely that interstitial inflammation was sup-
pressed by steroid administration prior to the renal biop-
sy and the working clinical diagnosis was therefore acute 
interstitial nephritis causing acute tubular necrosis.

The key feature which differentiates prucalopride 
from other 5-HT4 receptor agonists such as cisapride and 
tegaserod is its increased selectivity for its receptor[18]. 
The lack of  selectivity of  the other older agents resulted 
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Figure 2  Hematoxylin and eosin 
stain. A: Hematoxylin and eosin 
stain demonstrating moderate inter-
stitial fibrosis and tubular atrophy; 
B: Hematoxylin and eosin stain with 
polarized light demonstrating calcium 
oxalate deposition within the tubules. 
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in an appreciable affinity for other receptors, channels or 
transporters. For example, cisapride had an affinity for 
the human ether-a-go-go-related gene (hERG) K+ chan-
nel found in cardiac cells[19] while tegaserod would also 
bind to 5-HT1 and 5-HT2 receptors[18]. These agents sub-
sequently demonstrated cardiovascular side effects which 
were independent of  their action on the 5-HT4 recep-
tor[19,20]. The characteristic of  high selectivity is important 
as serotonin receptors are found throughout the body, 
including the kidney. The primary receptors in the kidney 
are the 5-HT2 receptors on smooth muscle cells and the 
5-HT1 receptors on endothelial cells[21]. Stimulation of  
the 5-HT2 receptors directly causes renal vasoconstric-
tion, while activation of  5-HT1 receptors leads to vaso-
dilation indirectly via nitric oxide[22]. It has been found 
that administration of  serotonin impairs autoregulation 
of  the glomerular filtration rate of  the kidney, leaving it 
vulnerable to ischemic damage[23]. While prucalopride has 
agonistic effects on the serotonin receptor, given that it 
has not been shown to activate the specific subtypes of  
5-HT2 and 5-HT1, this mechanism of  kidney injury is less 
likely. It is not known whether the concurrent use of  can-
desartan in this patient may have also played a role in the 
development of  acute tubular necrosis, since angiotensin 
Ⅱ blockade can also cause impaired renal autoregulation 
and a decline in glomerular filtration rate through post-
glomerular vasodilatation.

Our patient’s renal biopsy also demonstrated in-
creased deposition of  crystals, with predominantly 
oxalate crystals as well as calcium phosphate crystals. 
Increased absorption of  oxalate from the colon occurs in 
fat malabsoprtion states, such as pancreatic insufficien-
cy[24]. In such instances, calcium preferentially binds to 
free fatty acids instead of  oxalate, which allows the free 
soluble oxalate to be absorbed through the colon. Other 
factors which can increase oxalate absorption include the 
presence of  bile salts[25] and the absence of  bacteria such 
as Oxalobacter formigenes and certain strains of  Entercoccus fe-
calis which are able to degrade oxalate[26]. Our patient had 
discontinued his pancrealipase preparation at the time 
prucalopride was started due to side effects of  abdomi-
nal pain. Given his history of  Whipple’s pancreatectomy 
and the discontinuation of  his pancreatic replacement 
enzymes, this fat malabsorption state may have induced 
hyperoxaluria. 

Oxalate nephropathy can occur from tubular obstruc-
tion caused by calcium oxalate crystals, or by direct tu-
bular injury which results in progressive tubular atrophy 
and interstitial fibrosis[25]. It is also common to see small 
numbers of  oxalate crystals within tubules after acute 
tubular necrosis as well as in other chronic renal impair-
ment conditions. Given the mixture of  both oxalate and 
calcium phosphate crystals in our patient’s renal biopsy, 
an underlying oxalate nephropathy as the etiology of  the 
acute kidney injury is less probable. In addition, the cre-
atinine stabilized with cessation of  prucalopride and the 
patient did not yet resume his pancrealipase preparation. 
Cases of  oxalate nephropathy reported in the literature 

are often associated with oliguria and a marked decline 
in renal function requiring hemodialysis[27]. Fortunately, 
our patient’s renal failure was not as severe. Follow up 
urinalyses have failed to demonstrate crystals of  any type, 
further suggesting that a crystal nephropathy is not play-
ing an important contribution to the patient’s renal fail-
ure. Furthermore, high-fluid intake and low oxalate diet 
recommendations along with calcium carbonate supple-
ments have not been associated with improved renal 
function. 

In conclusion, given the lack of  literature to support 
prucalopride and other serotonin receptor agonists as 
nephrotoxins, our patient’s case of  acute renal failure was 
treated initially as allergic interstitial nephritis. However, 
when his renal function did not improve with discontinu-
ation of  the medication and prednisone therapy, a renal 
biopsy was performed to confirm the diagnosis. This case 
demonstrates the importance of  a renal biopsy when the 
diagnosis is unclear or when there is lack of  improvement 
with therapy. In addition, this case also highlights the 
importance of  routine blood work to follow cell count, 
biochemistry and renal function when starting a medica-
tion which is new to both the patient and the medical 
community. Adverse effects which were not documented 
by clinical trials may still occur in our patients and report-
ing of  such outcomes is required for ongoing drug safety 
and monitoring. In addition, given the limited long-term 
data available for elderly patients, and unreliability of  
serum creatinine in estimating renal function, a lower 1 
mg of  prucalopride should be initiated in this population. 
Without routine blood work, this case of  renal failure 
may have been missed until the patient presented with 
more significant symptoms related to renal failure such as 
oliguria, vomiting, volume overload or uremia.

COMMENTS
Case characteristics
A 75 years old gentleman initiated on prucalopride for chronic constipation with 
subsequent elevation of serum creatinine from 100 μmol/L to 270 μmol/L within 
four months.
Clinical diagnosis
He was treated with prednisone for presumed acute interstitial nephritis and 
a subsequent renal biopsy demonstrated acute tubular necrosis secondary to 
acute interstitial nephritis. 
Differential diagnosis
Acute interstitial nephritis secondary to a drug allergic reaction, oxalate ne-
phropathy, and acute tubular necrosis following hemodynamic insult, angioten-
sin Ⅱ blockade or interstitial nephritis. 
Laboratory diagnosis
Serum creatinine rose from a baseline of 103 μmol/L to a peak of 310 μmol/L 
and urine microscopy revealed many white cell casts. 
Imaging diagnosis
Abdominal ultrasound showed no signs of obstructive uropathy, and Doppler 
examination was negative for renal artery stenosis.
Pathologic diagnosis
A renal biopsy was performed after cessation of prucalopride and administration 
of prednisone revealing moderate interstitial fibrosis and tubular atrophy with 
deposition of oxalate and calcium phosphate crystals.
Treatment
Therapy with prednisone was initiated once white cell casts were seen on uri-
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nary microscopy and prucalopride was discontinued resulting in stabilization of 
the serum creatinine but no further recovery of renal function.
Related reports
This is the first case of acute renal failure reported in the literature, with no pre-
vious occurrences documented from several previous Phase II and Ⅲ trials.
Term explanation
Prucalopride is a novel highly selective 5 hydroxytryptamine-4 receptor agonist 
developed for the treatment of chronic constipation after failure of laxative 
therapy.
Experiences and lessons
This case highlights the need for monitoring of routine blood work with cell 
count, biochemistry and renal function when using medications new to both 
the patient and the medical community as previously undocumented adverse 
events may develop. 
Peer review
This is an important case report in regard to clinical use of prucalopride.
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Abstract
Actinic prurigo is a photodermatosis that can affect the 
skin, conjunctiva and lips. It is caused by an abnormal 
reaction to sunlight and is more common in high-altitude 
living people, mainly in indigenous descendants. The 
diagnosis of actinic prurigo can be challenging, mainly 
when lip lesions are the only manifestation, which is not 
a common clinical presentation. The aim of this article 
is to report two cases of actinic prurigo showing only 
lip lesions. The patients were Afro-American and were 
unaware of possible Indian ancestry. Clinical exam, pho-
tographs, videoroscopy examination and biopsy were 
performed, and the diagnosis of actinic prurigo was es-
tablished. Topical corticosteroid and lip balm with ultra-
violet protection were prescribed with excellent results. 
The relevance of this report is to show that although 
some patients may not demonstrate the classical clinical 
presentation of actinic prurigo, the associated clinical 
and histological exams are determinants for the correct 
diagnosis and successful treatment of this disease. 
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Core tip: The diagnosis of actinic prurigo can be chal-
lenging in the absence of classic clinical manifestations. 
Actinic prurigo is found in high-altitude living people, 
mainly in indigenous descendants. Disease onset is 
usually in childhood and rarely presents only on the 
lips. This study describes two rare cases from Rio de 
Janeiro city, Brazil, which is located at sea level. The 
patients were unaware of possible Indian ancestry. 
Moreover, actinic prurigo appeared in adulthood and 
lip lesions were the only manifestation. The associated 
clinical and histological exams are determinants for the 
correct diagnosis and successful treatment of this dis-
ease. 

Miranda AMO, Ferrari TM, Werneck JT, Silva Junior A, Cunha 
KS, Dias EP. Actinic prurigo of the lip: Two case reports. World 
J Clin Cases 2014; 2(8): 385-390  Available from: URL: http://
www.wjgnet.com/2307-8960/full/v2/i8/385.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i8.385

INTRODUCTION
Actinic prurigo (AP) is a type of  photodermatosis, and is 
a rare familial inflammatory disease that primarily affects 
areas of  skin exposed to the sun and can affect the lips 
and ocular conjunctiva (pseudopterygium formation)[1]. 
Pseudopterygium does not appear as a unique lesion in 
patients with AP, it is always preceded by skin and lip le-
sions, suggesting that this expression tends to appear later 
in the disease course. For this reason, the diagnosis of  
AP in its early stages is important to prevent subsequent 
complications[2]. AP of  the lip, also known as follicular 
cheilitis, is mainly found on the vermillion of  the lower 
lip. Lip lesions may appear early in the development of  



this disease and, consequently, its observation and accu-
rate diagnosis can alert physicians or dentists to the possi-
ble development of  other more severe lesions on the skin 
or conjunctiva[2]. AP occurs mainly in residents of  high 
altitudes and affects ethnic groups, particularly in North 
and South America, who express major histocompatibil-
ity complex class Ⅰ and Ⅱ (HLA Ⅰ and Ⅱ), suggesting 
a genetic predisposition[3]. The aim of  this article is to 
describe two cases of  AP of  the lips without the classical 
features of  this disease (young age at onset, familial his-
tory, high-altitude living people, and an association with 
skin lesions).

CASE REPORT
Case one
A 63-year-old Afro-American woman presented to our 
Oral Diagnostic clinic complaining of  lower lip lesions 
of  10 mo evolution, which had worsened in the last 6 
mo. She was referred by two centers that had failed to 
establish the diagnosis. During physical exam, the lower 
lip showed edema, as well as multiple ulcers covered with 
yellowish crusts on the semimucosa (Figure 1A). The 
slightest touch or mouth opening resulted in significant 
bleeding, which, according to the patient was commonly 
observed. No alterations during intraoral examination 
were observed. The lesions were documented by clinical 
and videoroscopy images (Figure 1B) and were scraped 
for cytopathologic evaluation, which revealed moderate 
inflammation. Lip balm with ultraviolet (UV) protection 
was prescribed. 

On the second visit, debridement of  the lesions was 
performed, as well as a biopsy (the selected area was cho-
sen by clinical and videoroscopy exam) (Figure 1C). The 
clinical diagnostic hypotheses were erythema multiforme 
and contact cheilitis. Microscopically (Figure 1E-H), the 
surface epithelium showed orthokeratosis, with some ar-
eas of  parakeratosis, atrophy and areas of  acanthosis, as 
well as basal layer degeneration and lymphocytic exocy-
tosis. Ulceration was also present. The connective tissue 
exhibited pigmentary incontinence close to the overlying 
epithelium, dilated blood vessels, edema and intense and 
diffuse lymphocytic inflammatory infiltrate, with some 
plasma cells, extending deep into the fatty tissue. Some 
secondary lymphoid follicles were also present. Several 
mast cells were present predominantly in the deeper area 
of  the connective tissue, mainly in the perivascular and 
perineural areas. Nonspecific chronic sialadenitis with 
ductal ectasia was also observed. There was no solar elas-
tosis. The diagnosis of  follicular cheilitis was established. 

Following diagnosis, a combination of  triamcinolone 
acetonide cream, neomycin sulfate, gramicidin and ny-
statin cream was prescribed three times a day. The patient 
was instructed to use gauze compresses with cold physi-
ological saline and to continue using lip balm with UV 
protection. The patient was also referred to the dermatol-
ogy and ophthalmology service for evaluation of  signs 
and symptoms of  AP. No ocular or skin lesions were 

observed.
Complete remission of  the lip ulcers and crusts was 

observed after one month of  treatment (Figure 1D). The 
patient was followed-up monthly for three months with-
out evidence of  recurrence. Two months after diagnosis 
and during the follow-up period, the patient reported 
she was of  indigenous Brazilian descent. After the third 
consecutive monthly follow-up, the patient was followed-
up every 4 mo to date (2 years after the first visit), and 
showed no lip lesions (Figure 1D). The patient did not 
develop any skin or ophthalmic lesions.

Case two
A 58-year-old Afro-American woman, presented to 
our Oral Diagnostic clinic complaining of  a painful le-
sion on the lower lip of  four years evolution. Physical 
examination showed the presence of  a yellowish crust 
of  1.3 cm × 0.8 cm, on the left side, which was easily 
seen during the examination, revealing an ulcerated area. 
The lips were swollen and dry (Figure 2A). The lesions 
were documented by clinical and videoroscopy images 
(Figure 2B) and were scraped for cytopathologic evalua-
tion, which revealed moderate inflammation. No altera-
tions were observed during the intraoral examination. 
Lip balm with UV protection was prescribed. On the 
second visit, a biopsy was performed (the selected area 
was chosen by clinical and videoroscopy exam). The di-
agnostic hypotheses were erythema multiforme and acute 
actinic cheilitis. Microscopically (Figure 2C and D), the 
lesion was covered by stratified ortokeratinized squamous 
epithelium showing atrophy, ulceration, spongiosis and 
hydropic degeneration of  the basal layer. The underlying 
connective tissue showed pigmentary incontinence close 
to the overlying epithelium, dilated blood vessels with ar-
eas of  intense inflammatory infiltrate, mainly composed 
of  lymphoplasmacytic cells, and the formation of  well-
formed secondary lymphoid follicles. Mast cells were also 
observed between the lymphocytes and plasma cells. The 
inflammatory infiltration extended deep into the fatty 
tissue. There was no solar elastosis. The diagnosis of  fol-
licular cheilitis was established. 

The patient was followed-up (one month after the 
first visit) and showed remission of  the ulceration on the 
left side, with only a small ulcer on the right side of  the 
lip (Figure 2B). She was referred for dermatological and 
ophthalmological evaluation and asked to return to our 
clinic one month later. The patient did not return. 

A search of  the medical literature was performed by 
two authors separately, using Pubmed, Lilacs, Scielo and 
Cochrane databases, without year and language restric-
tion, using the terms: (1) prurigo AND actinic; and (2) 
follicular AND cheilitis. The last search was performed 
in November 2013. A paper considered eligible for inclu-
sion on review had to include a case report or a study 
with at least one case under the name “actinic prurigo” 
or “follicular cheilitis” and with lip lesions as the only 
manifestation (Table 1). Only two papers satisfied the 
criteria: Vega-Memije et al[2] and Mounsdon et al[4]. In the 
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study by Vega-Memije et al[2], 116 patients presented with 
actinic prurigo cheilitis; of  these, 74 (63.8%) were female, 
aged from 9 to 82 years (mean, 27.8 years). Ninety-nine 

percent of  the patients lived in areas more than 1000 m 
above sea level and only one case was from a geographic 
area below this altitude. AP cheilitis was the only manifes-
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Figure 1  Case 1. A: Clinical aspect at the first appointment, showing lower lip edema, ulcers and crusts; B: Videoroscopy image showing in detail the presence of 
ulcer and crust; C: Clinical aspect at the second appointment showing the area of biopsy; D: Clinical aspect one month after treatment, showing remission of the lip 
edema, ulcers and crusts; E: Histological aspects. Epithelial atrophy and intense diffuse lymphoplasmacytic inflammatory infiltrate extending deep into the fatty tissue 
(× 10, HE); F: Epithelium showing spongiosis, hydropic degeneration of the basal layer cells and lymphocytic exocytosis. In the connective tissue, lymphocytic inflam-
matory infiltrate and pigmentary incontinence (arrows) were observed (× 40, HE). G: Secondary lymphoid follicle (× 40, HE); H: Mast cells mainly in the deeper area of 
the connective tissue (× 20, Giemsa).
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tation of  the disease in 32 (27.6%) patients. Mounsdon 
et al[4] described two North American Indians, one man 
and one woman, who showed only lip lesions, however, 
there was no information on their place of  residence. In 
addition, a thesis describing a study of  43 patients with 
actinic prurigo of  the lips was found in Google Scholar[5]. 
Although this study was carried out in Brazil, it was a ret-
rospective analysis of  patients resident in Mexico, where 
this disease is very common. In 17 (39.54%) cases, the 
lesion was located only on the lips. To make comparative 
analyses with the cases presented in our paper, 16 patients 
in this study were included; one was excluded because the 
age of  the patient was not provided. Patient age ranged 
from 11 to 63 (mean 26 years). Information on where the 
patients lived was not provided (Table 2). 

DISCUSSION
Photodermatoses form an important group of  skin dis-
eases, which can be disabling to the patient, and repre-
sent a challenge in diagnosis and treatment[6]. Although 
dark skin has larger quantities of  melanin compared to 
white skin, which gives greater protection against the sun’
s rays, photodermatoses are common in dark-skinned 
people[7]. AP is an example of  a photodermatosis that af-
fects mostly Mestizos in the Americas. This is the result 
of  miscegenation between Europeans and Indians, which 
prevails in Mexico, Guatemala, Honduras, Colombia, 
Ecuador, Peru, Bolivia, and Argentina, and in some in-
digenous communities in North America and Canada[8-10]. 
AP usually begins in childhood, around 4-5 years old[5], al-
though it can manifest at any age, affecting more women 
than men (2:1), and in some cases with familial history[11]. 

The severity of  the disease is altitude-dependent, pre-
sumably because of  the sustained intensity of  sun expo-
sure. It is believed that this is the reason why AP is found 
mostly in regions with altitude above 1000 m[3]. These 
data make our cases interesting, as both patients lived 
in Brazil, in cities at sea level, and did not report being 
indigenous descendants during anamnesis, did not have 
a positive familial history, and showed the first signs and 
symptoms in adulthood.

AP lesions are mainly found in sun-exposed ar-
eas[3,12,13]. Lips and conjunctiva can also be affected[3,12]. 
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Figure 2  Case 2. A: Clinical aspect at the first appointment, showing lower lip edema, dryness and ulcer on the left side of the semimucosa; B: Clinical aspect at the 
second appointment, showing remission of the ulceration on the left side, and only a small ulcer on the right side of the semimucosa; C: Histological aspects. Lower 
power view showing epithelial atrophy and ulceration. In the connective tissue, an intense, diffuse inflammatory infiltrate extending deep into the fatty tissue, with 
some lymphoid follicles was observed (HE); D: Secondary lymphoid follicle (HE).

20 mm

Table 1  Results of the literature search for “actinic prurigo” 
or “follicular cheilitis” of the lip

Actinic prurigo Follicular cheilitis Eligible paper1

Pubmed 143 9 2
Lilacs   25 0 0
Scielo     3 0 0
Cochrane     7 1 0

1A paper considered eligible for inclusion in the review had to include a 
case report or a study with at least one case under the name “actinic pruri-
go” or “follicular cheilitis”, and show lip lesions as the only manifestation.

Miranda AMO et al . Two cases of actinic prurigo



Nevertheless, in Asians, conjunctivitis and cheilitis are 
not common[14]. The patients presented in this paper 
showed lip lesions as the only manifestation of  AP. Al-
though there are few reports and studies in the literature 
regarding patients with AP showing only lip lesions, this 
may occur in up 40% of  cases[5]. In cases of  AP with 
lip lesions as the only manifestation it is more difficult 
to establish an accurate diagnosis, which should alert 
clinicians to the possibility of  the development of  other 
more severe lesions, such as skin or conjunctival lesions. 
Therefore, it is important to refer these patients for oph-
thalmological and dermatological evaluation.

AP lip lesions are characterized by swelling, peeling, 
cracking, crusting, itching, exudation, and secondary 
ulceration[3,12]. Cheilitis intensity is variable. In the acute 
phase, yellow crusts adhered to the surface are observed, 
whereas in the chronic phase, the lesions are covered with 
dry scales, and the course is generally prolonged, with re-
lapses worsened by constant sun exposure[2,8,5]. 

During the evaluation of  our patients, we used vid-
eoroscopy which enabled better visualization of  the lip 
lesions. As both patients showed extensive lesions, the 
choice of  the biopsy area was difficult and videoroscopy 
was used to help choose the best biopsy area. The lesions 
were similar to those of  AP lip lesions described in the 
literature.    

Clinical differential diagnoses regarding AP include 
actinic cheilitis, frictional contact cheilitis and granuloma-
tous cheilitis[5]. In the present cases, we also considered 
the possibility of  acute actinic cheilitis, which was later re-
jected due the evolution time and because the patients did 
not report intense sunlight exposure. The other clinical 
diagnoses were erythema multiforme, which was rejected 
due to the course of  the lesions, and contact cheilitis, but 
we were unable to identify a substance which could cause 
the lip lesions, especially over such a long time. Although 
several clinical factors associated with follicular cheilitis 
were not observed in the present cases, the clinical exam 
associated with the histopathological diagnosis was a de-
terminant in establishing the final diagnosis.

Studies in the literature define the histopathological 
pattern of  AP lip lesions as showing acanthosis, spongio-
sis and basal layer hydropic degeneration[2]. Areas of  ul-
ceration may also be seen. Edema, dilated and congested 
vessels, with dense predominantly lymphocytic inflamma-
tory infiltrate, which may contain lymphoid follicles and 
eosinophils are also seen in the connective tissue[2,4,12]. 
Furthermore, some studies report that discrete exocytosis 
in the basal epithelium and pigmentary incontinence in 
the sub epithelial connective tissue may be observed[2]. 

The presence of  lymphoid follicles is considered by some 
authors to be a pathognomonic feature of  AP and this 
is the reason why the term follicular cheilitis is used[12]. 

Mast cells and macrophages may be found in the inflam-
matory infiltrate[5]. The histopathological findings in our 
cases are consistent with the description in the literature. 
The identification of  lymphoid follicles in both cases was 
important in establishing the diagnosis.

No solar elastosis was found in the AP lesions, which 
facilitates the differential diagnosis from actinic cheili-
tis[2,4,5,12]. It is necessary to differentiate AP from poly-
morphic light eruption, which is clinically similar, but 
microscopically does not show lymphocytic infiltrate with 
lymphoid follicles[12]. 

With regard to the treatment of  AP, as a general 
measure, it is recommended to reduce sun exposure, use 
protective clothing including hats, and sunscreen. How-
ever, these measures are not sufficient to treat AP. There 
is evidence that AP is an autoimmune disease, and there-
fore immunosuppressive drugs produce good results[3]. 
Treatment of  AP varies according to the severity and 
extent of  the lesions, and includes topical and systemic 
corticosteroids to reduce the inflammation and itching 
of  active lesions, antibiotics for secondary infections, 
antihistamines, antimalarials and thalidomide, which have 
been shown to be the most effective drugs for the treat-
ment of  AP[12,15-18]. 

AP prognosis is not good, despite several treatment 
options, the lesions may have a chronic course and are 
difficult to control if  patients live in sunny areas, are oc-
cupationally exposed to the sun or live in high altitudes[19]. 
In case 1, the patient responded well to treatment with a 
topical corticosteroid and prevention measures; she had 
no lesions up to the last follow-up (14 mo after diagno-
sis). The patient in case 2 was treated only with preven-
tion measures (including the use of  lip balm with UV 
protection). In the follow-up, one month after diagnosis, 
the lesions disappeared, but she did not return for her 
follow-up appointment. 

AP is a well-known disease, occurring mainly in Mes-
tizos, living in high altitudes with onset during childhood. 
The cases presented here were a challenge to diagnose as 
the clinical characteristics were different from the classi-
cal manifestations of  AP: the lesions began in adulthood, 
the patients lived at sea level and did not report, at least 
during the interview, being indigenous descendants, and 
neither reported having a familial history of  alterations. 
In these cases, without skin lesions, the diagnosis of  AP 
in the early stages is important, as it can alert the clinician 
to the possible development of  other more severe le-
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Table 2  Data from patients with actinic prurigo, with only lip lesions

Vega-Memije et al [2] Rizo et al [5] Mounsdon et al [4] Maga-a et al [1]

Age 9-82 (mean 27.8 yr) 11-63 (mean 26 yr) 61 and 69 yr old 58 and 63 yr old
Country Mexico Mexico United States (North American Indians) Brazil
High altitude 99% more than 1000 m Unknown Unknown Sea level
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sions, and, thus, referring the patients for an ophthalmo-
logic and dermatologic evaluation is mandatory.

COMMENTS
Case characteristics
This paper reports two cases of actinic prurigo in which the lower lips were the 
only sites of involvement.
Clinical diagnosis
The relevance of these cases is that, although some important aspects do 
not follow the classical features of actinic prurigo, the associated clinical and 
histological exams can be determinants of the correct diagnosis and successful 
treatment.
Imaging diagnosis
Clinical exam, photographs, videoroscopy examination and biopsy were per-
formed, and the diagnosis of actinic prurigo was established.
Peer review
It is an interesting case, it is well written.
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Abstract
Double cecal appendix is a rare anatomical variation. 
Approximately 100 cases have been reported world-
wide. It is usually diagnosed incidentally during emer-
gency appendectomies due to inflammatory processes 
in the cecal appendix. Case presentation: male, white, 
36 years old, obese, presenting with pain in the lower 
abdomen for 24 h followed by nausea, vomiting and 
mild fever. He was subjected to additional tests, with 
the leukogram showing leukocytosis and abdominal ul-
trasonography depicting cecal appendix with thickened 
wall, locally associated with small quantities of liquid 
and intestinal loop obstruction. He underwent laparoto-
my, revealing acute appendicitis. Another intestinal loop 
obstruction was identified next to the ileum, leading to 
recognizing another cecal appendix after local dissec-
tion. Double appendectomy and segmental iliectomy 
were performed although not needed. Results of the 

anatomopathological examination of the surgical sam-
ples showed acute inflammation in the two cecal appen-
dices. So, performing a routine retroperitoneal release 
and a complete cecum evaluation during such surgical 
procedures is recommended and suggested due to the 
possibility of not identifying a second cecal appendix. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Appendix; Anatomic variation; Appendicitis; 
Appendectomy; General surgery

Core tip: Double cecal appendix is a rare (about 100 
cases reported worldwide) anatomical variation often 
incidentally diagnosed in the face of inflammation in 
the organ. The current paper presents the first case re-
ported in South America. The case is extremely impor-
tant for the study of this possible anatomical variation 
since the lack of a diagnosis in a second cecal appendix 
can cause further complications for the patient and the 
physician. Moreover, it is associated with the presence 
of other anatomical variations, such as intestinal, geni-
tourinary and bone. Such variations will be investigated 
in cases of the aforementioned diagnosis. 
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Available from: URL: http://www.wjgnet.com/2307-8960/full/v2/
i8/391.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i8.391

INTRODUCTION
Double cecal appendix is a rare anatomical variation, 
found in 0.004%[1] to 0.009%[2] of  performed appendec-
tomies. Approximately 100 cases of  double cecal appen-
dix[3-5] have been described worldwide so far, with no case 
reports in South America[2,3,6-37].

CASE REPORT
A male, white, 36 years old, slightly obese [body mass 
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index (BMI) = 31.1 kg/m2], presented with abdominal 
pain in the lower abdomen for 24 h, followed by nausea, 
vomiting and mild fever (axillary temperature = 37.9 ℃). 
He was subjected to blood tests that only showed 
leukocytosis without left shift. In addition, abdominal 
ultrasonography depicted cecal appendix with thickened 
wall, locally associated with small quantities of  intra-
abdominal fluid and local obstruction of  intestinal loops.

He underwent laparotomy with a McBurney’s 
incision. The presence of  an inflamed cecal appendix 
in its usual position after lysis of  adhesions and cecum 
release was identified. Another intestinal loop obstruction 
was identified near the ileum. After the release of  dense 
adhesions, it was possible to recognize the presence of  a 
second cecal appendix, also with an inflammatory aspect 
(Figure 1), with its origin along the taenia coli. 

A double appendectomy and segmental iliectomy in 
the part of  the devascularized intestinal loop, resulting 
from ileum dissection, was performed in order to provide 
the release and excision of  the second cecal appendix. 
Both appendices showed no sign of  perforation despite 
the inflammatory aspect, i.e., the occurrence of  increased 
dimensions, thickened and erythematous wall, associated 
with fibrin and local tissue fragility.

The anatomopathological examination of  the surgical 
samples corroborated the diagnosis of  inflammation in 
both cecal appendices and resected segment of  small 
intestine (ileum), with subserosal congestion and acute 
fibrinous serositis with eosinophils.

The patient had no postoperative complications and 
was discharged on the third day after surgery.

DISCUSSION
Since 1892 after the first case of  double cecal appendix[27] 
was reported, less than 100 cases have been reported 
worldwide[3]. It demonstrates the rarity of  such variations 
and why the current reported case is the first one to be 
described in South America[2,3,6-37].

Over time, some authors have presented classifica-

tions to categorize anatomical variations of  cecal ap-
pendix. The first classification was developed in 1936 
by Cave[28]. His classification was modified in 1962 by 
Wallbridge[29]. Since then, a number of  authors have 
made some changes to it, leading to the modified classifi-
cation by Cave-Walbridge, which is now the most widely 
used[17,30].

The classification modified by Cave-Wallbridge cate-
gorizes double cecal appendix into three types: A, B and C. 
Type A is characterized by the presence of  two cecal ap-
pendices with a common origin in a single cecum. In type 
B, two appendices emerge from different cecal origins 
from a single cecum. This type is also subdivided into B1 
and B2. In subtype B1, the two appendices emerge from 
a single cecum, one from each side of  the ileocecal valve, 
symmetrically. On the other hand, in subtype B2, one of  
the appendices is in its usual position and the second one 
is located alongside the taenia coli. Finally, type C is char-
acterized by the existence of  two caeca, each with a cecal 
appendix (Figure 2). 

The present reported case describes the occurrence 
of  a patient with double cecal appendix type B. There are 
reports of  other rarer forms presenting with anatomic 
variations of  the cecal appendix, such as the horseshoe 
appendix[31] and the triple appendix[32].

The existence of  an cecal appendix duplication is 
asymptomatic and its diagnosis only comes during inves-
tigations on inflammation processes[3,17,33,34]. This is what 
happened in our patient’s case. According to clinical data, 
he had no complaints related to his cecal appendix dupli-
cation until the occurrence of  acute appendicitis. 

Despite the rarity of  anatomical variations in the cecal 
appendix, the awareness of  them is of  great importance 
to surgeons. An inadequate surgical evaluation of  the 
cecum due to unawareness of  such variations can leave a 
second or third cecal appendix[17,30] unidentified. This may 
lead to further reoperations, diagnostic difficulties and 
medicolegal problems regarding malpractice because of  
the possibility of  new inflammation in the remaining ap-
pendices[17,30].

For instance, this happened in a child whose cecal 
appendix duplication was not identified in the first ap-
pendectomy. Five months later, another laparotomy was 
needed in order to remove a second appendix which had 
also become inflamed[35]. Such a situation is most com-
monly found in patients with double cecal appendix type 
B[30]. It is worth mentioning that there is an increase in 
the postoperative morbidity and mortality[17,30] in patients 
in whom anatomical variations of  the cecal appendix are 
not identified. 

Finally, the importance of  being aware of  the associa-
tion between double or triple cecal appendix and other 
anatomical variations, intestinal, genitourinary and os-
seous, should be highlighted[36,37]. These are most often 
associated with duplications of  the cecal appendix types 
B1 and C[3]. Thus, when two or three cecal appendices are 
identified, investigating these other anatomical variations 
is recommended[3].

Alves JR et al . Appendicitis in double cecal appendix
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Figure 1  A photograph taken during a laparotomy procedure depicting an 
inflamed double cecal appendix. Minor (black arrow) and major (green arrow) 
inflamed cecal appendix. Surgeon’s hand is on the left side of the picture, hold-
ing the proximal segment of the ileum (arrow with white edges).



As a final conclusion, although double or triple cecal 
appendices are rare, surgeons must be aware of  them and 
identify cecal appendix anatomical variations. Such a pro-
cedure is recommended when doctors surgically approach 
a patient with acute appendicitis. They should perform 
a complete cecum evaluation after the retroperitoneal 
release in order to avoid further complications. Surgeons 
should remember that in the face of  such changes, they 
will need to investigate the presence of  intestinal, genito-
urinary or bone anatomic variations.
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COMMENTS
Case characteristics
Male, white, 36 years old, slightly obese, presenting with acute appendicitis.
Clinical diagnosis
Abdominal pain in the lower abdomen for 24 h, followed by nausea, vomiting 
and mild fever (axillary temperature = 37.9 ℃).
Differential diagnosis
Causes of acute inflammatory abdomen.
Laboratory diagnosis
Leukocytosis without left shift. 
Imaging diagnosis
Abdominal ultrasonography depicting cecal appendix with thickened wall, lo-
cally associated with small quantities of intra-abdominal fluid and intestinal loop 
local obstruction.
Pathological diagnosis
Inflammation in both cecal appendices.
Treatment
Laparotomy with a McBurney’s incision, followed by the performance of a 
double appendectomy and segmental iliectomy.
Related reports
Double cecal appendix is a rare (about 100 cases reported worldwide) ana-
tomic variation most often incidentally diagnosed in face of inflammation of that 
organ. 
Term explanation 
The classification modified by Cave-Wallbridge categorizes double cecal ap-
pendix.
Experiences and lessons
The surgeon must be aware and identify cecal appendix anatomical variations. 
The procedure is recommended when surgeons surgically approach a patient 
with acute appendicitis. It is worth performing a complete cecum evaluation 
after the retroperitoneal release.
Peer review
This case report is well designed and presents a wide range of information 

about the subject, spreading the right messages and broadly contributing to the 
literature.
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Abstract
Cystic fibrosis, a common autosomal recessive genetic 
disorder among Caucasians, is caused by defects in the 
transmembrane conductance regulatory (CFTR) gene. 
The analysis of CFTR gene mutations is useful to bet-
ter characterize the disease, and for preconceptional 
screening, prenatal and preimplantation genetic diag-
nosis. Here we report the results of a genetic analysis 
in a 16-year-old boy from southwestern Iran diagnosed 
as having cystic fibrosis in infancy based on gastro-
intestinal and pulmonary manifestations, with posi-
tive sweat chloride tests. He lacked both normal and 
mutant forms of the fragment corresponding to the ∆
F508 allele in initial genetic studies. Multiplex ligation-
dependent probe amplification-based testing revealed 

a homozygous deletion spanning exons 4 to 10 of the 
CFTR  gene. We predict an in-frame deletion remov-
ing 373 amino acids based on our sequencing results. 
Determining CFTR gene mutations in patients and their 
family members would be helpful to prevent the occur-
rence of new cases, especially in populations in which 
consanguinity is common. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cystic fibrosis; Transmembrane conduc-
tance regulatory gene; Homozygous deletion 

Core tip: Genetic analysis of the transmembrane con-
ductance regulatory (CFTR) gene is helpful to charac-
terize patients with cystic fibrosis, but sequencing and 
multiplex ligation-dependent probe amplification-based 
testing are only done to diagnose rare or unknown 
variants. Here we report a 16-year-old boy, the son of 
consanguineous healthy parents, who lacked both the 
normal and mutant forms of the ∆F508 alleles in initial 
molecular tests. Further analysis disclosed a rare large 
homozygous CFTR gene deletion in this patient.

Farjadian S, Moghtaderi M, Zuntini R, Ferrari S. Rare large ho-
mozygous CFTR gene deletion in an Iranian patient with cystic 
fibrosis. World J Clin Cases 2014; 2(8): 395-397  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i8/395.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i8.395

INTRODUCTION 
Cystic fibrosis (CF), a common autosomal recessive ge-
netic disorder among Caucasians, is caused by defects 
in the transmembrane conductance regulatory (CFTR) 
gene. This gene spans more than 250 kb on chromosome 
7q31.2 and comprises 27 exons encoding a 170 kDa chlo-
ride channel expressed exclusively in secretory epithelial 
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cells[1]. To date, more than 1969 sequence variations have 
been identified in the CFTR gene, including mutations 
that are involved in disease expression and polymor-
phisms which have no effect on the phenotype[2]. The 
rate of  CFTR gene mutations varies greatly among dif-
ferent populations. Although the prevalence of  CF in 
Iran is not known, current data suggest that the disease is 
not rare in this country. The most common mutation is 
ΔF508 with a frequency of  16% to 24% in different parts 
of  Iran; these rates are much lower than in European 
countries[3]. 

The clinical presentations of  CF varies widely from 
atypical mild disease to the classical form characterized by 
multiorgan involvement. The highly variable presentation 
depends on specific mutations, gene penetrance, the pres-
ence of  genetic modifiers and environmental factors[4]. 
The diagnosis of  classical CF is straightforward and based 
on specific clinical features, family history and positive 
sweat chloride tests, whereas the diagnosis of  nonclassical 
CF is often delayed because of  its unusual presentation or 
the late onset of  symptoms. Delays in the diagnosis usu-
ally lead to progressive disease and even irreversible mul-
tiorgan damage[5]. The analysis of  CFTR gene mutations 
is useful to better characterize the disease, especially when 
the results of  sweat chloride tests are uncertain or vari-
able. DNA-based testing is also useful for preconceptional 
screening, prenatal diagnosis for couples with a family 
history of  CF, and preimplantation genetic diagnosis for 
couples with known CFTR genetic mutations who hope 
to have a healthy child by in vitro fertilization[5,6]. These 
tests are usually performed with a panel of  known CFTR 
mutations for the ethnic group of  interest. Sequencing 
the CFTR gene and multiplex ligation-dependent probe 
amplification (MLPA)-based testing are only done to di-
agnose rare or unknown variants[4].

CASE REPORT 
A 16-year-old boy from Southwestern Iran with chronic 

productive cough and dyspnea was diagnosed as having 
CF in infancy based on typical findings of  gastrointesti-
nal and pulmonary manifestations with a positive sweat 
chloride test. He was the sixth child of  healthy consan-
guineous parents and had two healthy older sisters and 
one healthy brother. The results of  sweat chloride tests 
were normal for the parents and siblings, and none of  
them reported any symptoms or problems related with 
CF. Two of  the patient’s older brothers had died at the 
age of  6 mo; their medical history was unremarkable.

This patient had been hospitalized several times dur-
ing infancy due to severe dehydration. He suffered from 
numerous recurrent pulmonary infections and greasy 
stools, which required frequent visits to his physician. 
Physical examination showed scattered bilateral coarse 
crackles, increased anteroposterior diameter of  chest and 
digital clubbing. 

At his most recent visit his bone age was estimated 
at about 12-year-old based on left-hand X-ray, and he 
also had symptoms compatible with delayed sexual 
maturation and delayed puberty. Laboratory parameters 
including blood cell count, fasting blood glucose, blood 
urea nitrogen, serum creatinine, calcium, phosphorus, 
erythrocyte sedimentation rate, C-reactive protein levels 
and liver function tests were normal at this visit, but his 
sweat chloride test results were higher than normal (> 
100 mEq/L). Chest X-ray revealed bilateral infiltration 
and bronchiectasis in both lung fields. Abdominal and 
pelvic ultrasound examination disclosed no abnormal 
findings. Because of  his abnormal heart sounds, echocar-
diography was performed which showed mild pulmonary 
artery hypertension. The patient was advised to continue 
treatment with antibiotics, chest physiotherapy, pancreatic 
enzyme replacement and vitamin supplementation.

An initial genetic study was done with the Elucigene 
CF29 v.2 kit (Tepnel, Oxfordshire, United Kingdom). 
Our patient lacked of  both the normal and mutant forms 
of  the fragment corresponding to the ∆F508 allele, 
whereas all his first-degree relatives carried the normal 
allele. This test was repeated three times with new blood 
samples, and the results were consistent across tests. Ge-
netic analysis was then performed with the Elucigene CF-
EU2 v.1 kit (Gen-Probe Life Science Ltd., Manchester, 
United Kingdom), which is designed to identify 50 muta-
tions. This kit is also able to identify the number of  TG 
repeats associated to the polythymidine tract at the junc-
tion of  intron 8 and exon 9, which affects the splicing 
efficiency of  exon 9 and influences the gene transcription 
rate. This analysis showed the absence of  PCR ampli-
fication products for all fragments mapping to exons 
4-10, suggesting that he was homozygous for a deletion 
spanning exons 4 to 10 of  the CFTR gene (CFTR del 
4-10), as a result of  first-degree consanguinity between 
his parents. This homozygous deletion was confirmed 
by MLPA and was detected in the heterozygous state in 
both parents (Figure 1), in one of  the sisters and in his 
brother. The 40-kb del 4-10 CF mutation was previously 
reported in compound heterozygous patterns in two pa-
tients with CF: an 8-year-old French girl with the ΔF508/
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Allele 1: del4-10

Allele 2: 7T-11TG

Allele 3: 7T-12TG
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Figure 1  Pedigree of a family of a 16-year-old boy with cystic fibrosis, 
showing the three transmembrane conductance regulatory alleles trans-
mitted to the sibs. Allele 1 carries the deletion of exons 4 to 10; alleles 2 and 3 
are distinguishable by the different numbers of TG associated to the polypyrimi-
dine tract in intron 8.



CF 40-kb del 4-10 genotype combination[7] and a 19-year-
old Caucasian female with the c.1220del20/CF 40-kb del 
4-10 genotype combination[8]. In contrast to the latter 
patient with a frameshift mutation in the CFTR gene be-
cause of  a 40-kb deletion, in our patient we predict an in-
frame deletion removing 373 amino acids based on our 
sequencing results.

In conclusion, although there is no evidence to prove 
the relationship between CFTR gene mutations and dis-
ease severity or response to therapy, determining CFTR 
gene mutations in patients and their family members 
would be helpful to prevent the occurrence of  new cases, 
especially in populations in which consanguinity is com-
mon. 
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Clinical diagnosis
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nary infections and greasy stools.
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infiltration and bronchiectasis in both lung fields. Echocardiography: mild pul-
monary artery hypertension.
Treatment
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Homozygous 40-kb del 4-10 in cystic fibrosis transmembrane regulatory (CFTR) 
gene was detected in this patient by multiplex ligation-dependent probe amplifi-
cation (MLPA). 
Experiences and lessons
Determining CFTR gene mutations in CF patients and their family members 
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Term explanation
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Peer review
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Abstract 
As patients with carcinoma of the esophagus live lon-
ger, complications associated with the use of a gastric 
conduit are increasing. Ulcers form in the gastric con-
duit in 6.6% to 19.4% of patients. There are a few 
reports of perforation of a gastric conduit in the English 
literature. Almost all of these were associated with seri-
ous complications. We report a patient who developed 
a tension pneumothorax consequent to spontaneous 
perforation of an ulcer in the gastric conduit 7 years af-
ter the index surgery in a patient with carcinoma of the 
gastroesophageal junction. He responded well to con-
servative management. Complications related to a gas-
tric conduit can be because of multiple factors. Periodic 
endoscopic surveillance of gastric conduits should be 
considered as these are at a higher risk of ulcer forma-
tion than a normal stomach. Long term treatment with 
proton pump inhibitors may decrease complications. 
There are no guidelines for the treatment of a perfo-
rated gastric conduit ulcer and the management should 
be individualized.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric conduit; Ulcer formation; Perfora-
tion; Carcinoma of the esophagus; Proton pump inhibi-
tors

Core tip: We report a patient with a spontaneous perfora-
tion of an ulcer in the gastric conduit of a patient who had 
surgery for carcinoma of the gastroesophageal junction. 
He responded to conservative management with continu-
ous decompression of the conduit with Ryle’s tube aspira-
tion, proton pump inhibitors and enteral nutrition through 
a feeding jejunostomy for 4 wk. Periodic endoscopic sur-
veillance should be considered as gastric conduits are at a 
higher risk of ulcer formation than a normal stomach and 
management of a perforated gastric conduit ulcer should 
be individualized. 

Patil N, Kaushal A, Jain A, Saluja SS, Mishra PK. Gastric conduit 
perforation. World J Clin Cases 2014; 2(8): 398-401  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i8/398.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i8.398

INTRODUCTION
The stomach is preferred as the conduit after esophageal 
resection. Complications following gastric conduits are 
being reported more often as patients with carcinoma of  
the esophagus are living longer after resection. The inci-
dence of  an ulcer occurring in a gastric conduit is report-
ed to be between 6.6% and 19.4%[1,2]. Perforation of  a 
gastric conduit ulcer, although rare, may be catastrophic. 
The ulceration in a gastric conduit is often due to tumor 
recurrence. However, it may be due to other causes too. 
We report a patient with spontaneous perforation of  a 
gastric conduit ulcer into the right pleural cavity that was 
successfully managed conservatively. 

CASE REPORT
A 50-year-old man underwent a transhiatal esophagec-

CASE REPORT

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.12998/wjcc.v2.i8.398

World J Clin Cases  2014 July 16; 2(8): 398-401
 ISSN 2307-8960 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

World Journal of
Clinical CasesW J C C

August 16, 2014|Volume 2|Issue 8|WJCC|www.wjgnet.com 398



tomy and stapled cervical esophagogastric anastomosis 
without pyloromyotomy for carcinoma of  the gastro-
esophageal junction in 2005. He had a minor anastomotic 
leak in the immediate postoperative period which was 
managed conservatively. The histology revealed a well 
differentiated adenocarcinoma of  the gastroesophageal 
junction, infiltrating the adventitia. The resected margins 
were free of  tumor and metastasis was seen in one of  
six lymph nodes. He did not receive any adjuvant treat-
ment. In January 2006 he presented with dysphagia. A 
barium swallow revealed a stricture at the anastomotic 
site and an endoscopic biopsy did not show any local 
recurrence. The stricture was dilated with Savary-Gilliard 
dilators (Wilson Cook) up to 14 mm in two sessions and 
the patient became euphagic. He remained asymptomatic 
until June 2012 when he started complaining of  pain 
in the neck and epigastric region. Endoscopy showed a 
large ulcer in the gastric conduit just below the anasto-
motic site. A biopsy from the ulcer did not reveal any 
malignancy (Figure 1). He was started on proton pump 
inhibitors (PPI) and Helicobacter pylori (H. pylori) eradica-
tion therapy. In July 2012, he had sudden onset of  dif-
ficulty breathing and pain in the right side of  the chest. 
At the time of  presentation to our hospital the patient 
was hemodynamically stable. His hemoglobin was 13 
g/dl, total leukocyte count of  16000 per cumm, and the 
blood urea and serum creatinine was 45 mg/dl and 1.2 

mg/dl, respectively. The chest X-ray showed a tension 
pneumothorax on the right side with mediastinal shift to 
the left (Figure 2). The week before the patient had taken 
non-steroidal anti-inflammatory drugs for pain. A liter of  
purulent fluid with gastric contents was drained from the 
right hemithorax after insertion of  an intercostal drainage 
(ICD) tube and his respiratory distress subsided. An oral 
Gastrografin study revealed a leak from the proximal part 
of  the gastric conduit into the right hemithorax (Figure 
3). A feeding jejunostomy was done because of  the poor 
nutritional status of  the patient. He was managed con-
servatively with continuous decompression of  the gastric 
conduit using a Ryle’s tube (Romsins), antibiotics, PPIs, 
enteral nutrition through the feeding jejunostomy, serial 
chest X-rays and monitoring the ICD output. A follow 
up oral Gastrografin study at 4 wk revealed no evidence 
of  any contrast leak from the gastric conduit (Figure 4). 
He was then allowed oral nutrition which he tolerated. 
There was no change in the nature and amount of  the 
ICD fluid output. The ICD tube was subsequently re-
moved and chest X-ray did not show any pleural effusion 
or pneumothorax. He is doing well with no symptoms at 
the 6 mo follow up. We did not manage this patient with 
insertion of  an endoscopic stent as the leak was from the 
proximal part of  the gastric conduit and the stent would 
have impinged on the cricopharynx. Stent migration was 
also likely because of  the large diameter of  the gastric 
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Ulcer

Figure 1  Endoscopic view of gastric conduit ulcer.

Figure 2  Chest X-ray showing right sided tension pneumothorax with me-
diastinal shift.

Figure 3  Oral Gastrografin study showing leak of contrast from the me-
dial aspect of upper part of the conduit (arrow). 

Figure 4  Repeat study after 4 wk shows no evidence of contrast leak.



conduit.

DISCUSSION
Increasing use of  the stomach as a conduit has led to in-
creasing reports of  peptic ulcers in the conduit. In a pro-
spective study of  annual endoscopic evaluations in 114 
patients who underwent gastric tube reconstruction after 
esophagectomy, 47% of  patients had secondary gastric 
tube diseases, including gastritis [35.1% (40/114)], benign 
gastric tumors [10.5% (12/114)], gastric ulcers [6.1% 
(7/114)] and gastric adenocarcinoma [3.5% (4/114)][1]. 
Gastric tubes are reported to be at a higher risk of  devel-
oping an ulcer than the normal stomach. The cause of  a 
gastric conduit ulcer remains controversial. Several mech-
anisms have been postulated for the formation of  gastric 
conduit ulcers, including normalization of  the intralumi-
nal pH profile over time, H. pylori infection (especially in 
patients with a history of  peptic ulcer before surgery), 
delayed gastric emptying as a result of  vagal denervation, 
bile reflux, ischemia due to mobilization of  the gastric 
conduit, radiation, use of  non-absorbable sutures and in-
take of  non-steroidal anti-inflammatory drugs (NSAIDs), 
aspirin or steroids[3]. Most ulcers develop within 20 cm 
of  the esophagogastric anastomosis, as in our patient, be-
cause the microcirculation is most disturbed in the upper 
part of  the conduit[2]. The time for development of  these 
ulcers has varied widely, from one month to as long as 
150 mo. 

Peptic ulcer of  the gastric conduit can present with 
anemia, retrosternal or epigastric pain, fullness after 
eating or dysphagia[3]. It could be asymptomatic and 
vagotomy may be one of  the reasons for the absence 
of  pain[4]. A gastric conduit ulcer often causes serious 
complications, such as bleeding and perforation[5]. It may 
penetrate into any adjacent organ (left ventricular or atri-
al wall, thoracic aorta and other major vessels) or cavity, 
including the right pleural cavity, bronchi and pericardial 
cavity[5].

Only a few cases of  gastric conduit perforation have 
been reported in the English literature and almost all of  
them had serious complications. More than half  the pa-
tients were treated conservatively and all of  them died[5]. 
All patients whose conduit ulcer perforated into the tra-
cheobronchial tree or cardiovascular system died. Only 
patients with perforation into the sternum and thoracic 
cavity survived. Patients who had a gastric conduit per-
foration in the thoracic cavity underwent either primary 
closure of  the perforated ulcer or resection of  the ulcer 
followed by an interrupted closure buttressed with a 
pleural patch. Both these procedures are associated with 
high leak rates and mortality. In our case, the patient re-
sponded to conservative treatment, although we cannot 
recommend this for all cases.

Endoscopic surveillance should be done at least once 
every 6 mo as gastric conduits are at a higher risk of  ulcer 
formation than a normal stomach and many such ulcers 
tend to be asymptomatic. Successful healing of  a gastric 

ulcer by PPIs has been reported[1]. This could prevent 
potentially lethal complications associated with it.

While complications in the gastric conduit are being 
reported increasingly, there are no guidelines for the treat-
ment of  a perforated gastric conduit ulcer. These patients 
are usually sick and may not tolerate major surgery. The 
conservative management protocol cited above resulted 
in a good outcome in our case, showing that surgery is 
not always required and the management should be indi-
vidualized. Avoidance of  analgesics and periodic surveil-
lance of  the conduit may prevent complications.

COMMENTS
Case characteristics
The patient presented with sudden onset chest pain and difficulty breathing.
Clinical diagnosis 
On clinical examination, decreased breath sounds in the right hemithorax with 
hyper resonant note on percussion.
Differential diagnosis 
Differential diagnoses were pneumothorax secondary to spontaneous rupture 
of pulmonary bullae, acute myocardial infarction and recurrence of disease.
Laboratory diagnosis 
Laboratory investigations were inconclusive.
Imaging diagnosis
On imaging, chest X-ray revealed right sided tension pneumothorax with medi-
astinal shift to left, gastric contents on insertion of intercostal drainage tube and 
oral Gastrografin study showed leak from the gastric conduit.
Pathological diagnosis 
Previous endoscopy showed a large ulcer in the proximal part of gastric con-
duit, biopsy was consistent with peptic ulcer and also ruled out any recurrence.
Treatment 
He was treated conservatively with continuous decompression of the conduit 
through Ryle’s tube aspiration, proton pump inhibitors and enteral nutrition 
through feeding jejunostomy for 4 wk.
Experiences and lessons 
The possibility that ulceration in the gastric conduit may be due to causes other 
than tumor recurrence deserves greater recognition. Periodic endoscopic sur-
veillance should be considered as gastric conduits are at a higher risk of ulcer 
formation than a normal stomach.
Peer review
This is a rare morbid complication of gastric conduit which responded to 
conservative management. However, a firm conclusion cannot be drawn on 
the management guidelines of perforated gastric conduit ulcer and treatment 
should be individualized. 
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Abstract
Interspinous posterior device (IPD) is a term used to 
identify a relatively recent group of implants used to 
treat lumbar spinal degenerative disease. This kind of 
device is classified as part of the group of the dynamic 
stabilization systems of the spine. The concept of dy-
namic stabilization has been replaced by that of dy-
namic neutralization of hypermobility, with the intention 
of clarifying that the primary aim of this kind of system 
is not the preservation of the movement, but the dy-
namic neutralization of the segmental hypermobility 
which is at the root of the pathological condition. The 
indications for the implantation of an IPD are spinal 
stenosis and neurogenic claudication, assuming that 
its function is the enlargement of the neural foramen 
and the decompression of the roots forming the cauda 
equina in the central part of the vertebral canal. In 
the last 10 years, use of these implants has been very 
common but to date, no long-term clinical follow-up 
regarding clinical and radiological aspects are available. 
The high rate of reoperation, recurrence of symptoms 
and progression of degenerative changes is evident in 
the literature. If these devices are effectively a miracle 
cure for lumbar spinal stenosis, why do the utilization 
and implantation of IPD remain extremely controversial 
and should they be investigated further? Excluding the 

problems related to the high cost of the device, the 
main problem remains the pathological substrate on 
which the device is explicit in its action: the degenera-
tive pathology of the spine.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Interspinous posterior device; Interspinous 
fusion device; Interspinous distraction; Motion preser-
vation surgery; Spine surgery; Minimally invasive sur-
gery

Core tip: If interspinous posterior devices are effectively 
a miracle cure for lumbar spinal stenosis, why does 
their use and implantation remain extremely controver-
sial and should they be investigated further? The aim of 
this editorial is to analyze and underline why these de-
vices have poor outcomes, focusing on a biomechanical 
point of view, trying to define indications and limits. Is 
important to underline that these implants must not be-
come a trend but only a weapon in the surgeon’s hands 
and, as with every weapon, is extremely dangerous in 
the wrong hands. So the spinal surgeon is the only one 
who can decide when to use it and must know the ef-
fects of this weapon in detail to use it correctly with no 
damage for the patient. 
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INTRODUCTION
Interspinous posterior device (IPD) is a term used to 
identify a relatively recent group of  implants used to 
treat lumbar spinal degenerative disease. This kind of  
device is classified as part of  the group of  the dynamic 
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stabilization systems of  the spine. The concept of  dy-
namic stabilization has been replaced by that of  dynamic 
neutralization of  hypermobility, with the intention of  
clarifying that the primary aim of  this kind of  system is 
not the preservation of  the movement, but the dynamic 
neutralization of  the segmental hypermobility which is at 
the root of  the pathological condition[1-9].

The indications for the implantation of  an IPD are 
spinal stenosis and neurogenic claudication, assuming 
that its function is the enlargement of  the neural foramen 
and the decompression of  the roots forming the cauda 
equina in the central part of  the vertebral canal. 

IPDs have evolved, being classified into not restricted 
and restricted, based on the presence or the absence of  a 
dynamic control of  movements only in extension or flex-
ion and extension respectively[10-27]. 

A further evolution has brought the development of  
the interspinous fusion device (IFD), another group of  
implants, whose aim is interspinous bone fusion. The 
aim of  these devices is not the dynamic neutralization of  
the hypermovement, but bone fusion with a complete 
block of  the metameric movement. In light of  this, in 
my opinion, IFDs cannot be classified as movement dy-
namic control systems because their aim is the osseous 
fusion of  the segment, so are completely different from 
IPD[16-21]. 

In the last 10 years, use of  these implants has been 
very common but to date, no long-term clinical follow-
up are available regarding clinical and radiological aspects. 
The high rate of  reoperation, recurrence of  symptoms 
and progression of  degenerative changes is evident in the 
literature. But the real question is this: If  these devices 
are effectively a miracle cure for lumbar spinal stenosis, 
why does the utilization and implantation of  IPD remain 
extremely controversial and should they be investigated 
further? Excluding the problems related to the high cost 
of  the device, the main problem remains the pathological 
substrate on which the device is explicit in its action: the 
degenerative pathology of  the spine.

BIOMECHANICAL CONSIDERATIONS
If  we consider that IPD can be implanted in stenosis 
of  a mild and moderate degree in central or foraminal 
stenosis, or in low grade spondylolisthesis without spon-
dylolysis (with poor or at least controversial results), we 
take for granted that the degenerative lumbar cascade, as 
described by Kirkaldy-Willis, is in the active phase[22-27]. 

Degenerative lumbar spondylosis in the active phase 
as a first step has the damage of  the intervertebral disc, 
whose degree of  degeneration is related to the entity of  
the damage and the persistency of  the damage itself  in 
time[22-27].

Normally, the biomechanical behavior of  the lumbar 
spine is subject to the rule of  spine loading. Accord-
ing to this rule, the axial load of  the body is discharged 
and consequently neutralized on the intervertebral disc 
and the posterior structures (articulations, ligaments and 

muscles) in proportions of  80% and 20% respectively[27].
Any disc degeneration transfers the axial load to the 

posterior elements of  the spine, determining an inversion 
in the distribution of  the axial load related to the loss of  
viscoelastic and shock absorber properties of  the disc 
itself. This condition promotes the insurgence of  a func-
tional overload of  the facet joints, determining a greater 
mechanical stress than the physiological one, with conse-
quent hyperlaxity of  the facet joints, reduced competence 
of  the articular capsule and hypermobility of  the lumbar 
segment[22-27].

The hypermobility stimulates the inflammatory re-
action in the adjacent tissues, activating chemokines 
(fractalkine in particular) in the ligamentum flavum, pro-
moting chemotaxis in the ligamentum itself. The inflam-
matory cells cause extracellular matrix degradation of  the 
ligamentum, determining loss of  elasticity and hypertro-
phy. The role of  fractalkine is well documented in the de-
velopment of  numerous inflammatory diseases (rheuma-
toid arthritis, dermatitis, etc.) and in ligaments and joints 
involved in inflammatory processes caused by instability 
(e.g., joint capsules, ligaments and synovium). The inflam-
matory process involves these tissues so the fractalkine 
overexpression is activated, thus causing the recruitment 
of  mononuclear cells within the LF, feeding the inflam-
mation and causing vascular injury and angiogenesis[20]. 
Moreover, the increase in mononuclear activity causes a 
proliferation of  fibroblasts (for overexpression of  TGF 
beta mRNA resulting in increased collagen fibers) and 
inflammatory cells in LF. This inflammatory cell activity 
in the LF causes rupture of  the extracellular matrix (for 
activation of  metalloproteinase MMP2) due to the elastin 
degradation, resulting in loss of  elasticity of  the ligament 
and subsequent hypertrophy[22-27].

The collapse of  the intervertebral disc causes liga-
mentum flavum redundancy and its prominence in the 
vertebral canal reduces the diameter of  the canal itself, 
determining spinal stenosis.

Only in this phase, the articular hypertrophy generates 
foraminal stenosis, the collapse of  the disc generates liga-
mentous stenosis and the stenosis becomes symptomatic, 
but the main pathological substrate remains the hyper-
mobility[22-27]. The treatment of  a hard or soft stenosis has 
to be strictly linked to the concept of  vertebral instability 
as a basic pathological condition. Relating to this con-
cept, the commercialized IPDs have many biomechanical 
weaknesses that, in my opinion, should make their use 
extremely rare if  not contraindicated.

MECHANICAL PROPERTIES OF IPD
Non-restricted IPD is a heterogeneous and very popu-
lous group of  implants (X-STOP, Aperius, Bacjac, Ellipse 
etc). When implanted, their main aim is the interspinous 
posterior distraction to open the intervertebral foramina. 
Their primary effect is the decompression of  nerve roots 
in their passage through the foramina. From a biome-
chanical point of  view, the implant of  this device has 
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consequences on the involved and adjacent segments: 
(1) The axial load is shifted anteriorly on a degenerated 
intervertebral disc in which degeneration promotes the 
lumbar stenosis. The anterior load statically and dynami-
cally over-solicits a degenerated disc, which has partially 
lost its features of  shock absorber and elastic resistance 
against movements, promoting a faster degeneration of  
the disc; and (2) The distraction needed to open the in-
tervertebral foramina causes an alteration of  the lumbar 
spine sagittal balance[28-42]. 

Sagittal balance is the axial equilibrium that the whole 
spine has towards the outside world; its integrity provides 
elastic properties to the spine and tolerance to loads. 
Sagittal balance is based mainly on an adequate equi-
librium of  the physiological curvatures of  the spine so 
that they can transfer the axial load to the floor, passing 
through the hips and the heads of  the femora. The load 
line of  the axial load is a vertical vector perpendicular to 
the floor passing through the external acoustic meatus, 
the midpoint of  the endplate of  L5 and the head of  the 
femur. This vector has to always be posterior to the line 
connecting the two heads of  the femora: to achieve this 
aim, the spine curvatures have to be maintained physi-
ologically as much as possible. In particular, the preserva-
tion of  physiological lumbar lordosis is fundamental[36-42]. 

The purpose of  these devices is their implant between 
the spinous processes and their distraction; this move-

ment of  distraction transfers the axial load in the anterior 
compartment on a degenerated disc and alters the bio-
mechanics of  the whole spine, with a negative impact on 
the sagittal balance. This action has consequences on the 
spine, determining postural alterations, rotations of  the 
spino-pelvic alignment and alterations in the thoracic and 
cervical curvatures, trying to compensate the alteration 
of  the sagittal balance but actually accelerating the pro-
gression of  the spinal degeneration. These patients are in 
a condition of  spinal imbalance[36-42].

Initially, patients can have an improvement of  their 
symptoms due to the foraminal decompression but long-
term the alteration of  the spinal biomechanics can only 
accelerate the degenerative process, with involvement of  
the treated and adjacent segments (Figure 1).

Furthermore, the overload applied to the spinous 
processes can cause a fracture of  the processes them-
selves or lacerations of  the posterior longitudinal liga-
ment, causing the mobilization of  the device (Figure 
2)[36-49] .

The restricted IPDs (such as Wallis, Diam, Intrasp-
ine, etc.) have the presumed function of  neutralizing the 
movements of  flexion and extension at excessive degrees. 
These implants have the distraction of  the spinous proc-
esses to widen the intervertebral foramina as a funda-
mental step, altering the biomechanics of  the lumbar 
spine and determining sagittal imbalance, with the same 
mechanism as the non restricted IPD. Although these 
devices can control the excessive degrees of  movements 
in flexion and extension, they cause a non physiological 
alteration in the movements of  the spinal motor unit, 
with the same consequences described before. Further-
more, the segmental instability is not limited to the simple 
movements of  flexion and extension, but also the move-
ments of  lateral bending and axial rotation, often associ-
ated with the movements of  flexion and extension while 
the spine executes complex movements.

An interspinous device cannot control the movements 
of  axial rotation and lateral bending, highly solicited after 
the implant of  the device, accelerating and fastening the 
degenerative process.

IPDs are defined as movement preserving devices, 
but they are not explicit in this action for many reasons: 
(1) Their implantation puts the lumbar spine in a ky-
photic posture so that it cannot move in a physiological 
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Figure 1  Dynamic X-ray. A: Patient treated 
for L3-L4 disc herniation (without instability 
at the dynamic X-rays) with an interspinous 
posterior device (IPD) implant. The Dynamic 
X-ray in extension showed a metameric insta-
bility at L3-L4 developed 1 year after an IPD 
implantation; B: Dynamic X-ray in flexion that 
showed an increase in L3-L4 slipping, devel-
oping a I° grade spondylolisthesis, due to the 
IPD implantation. The patient underwent revi-
sion surgery with removal of the IPD, decom-
pressive laminectomy and L3-L4 stabilization 
with screws and rods.

A B

Figure 2  Dislocation of the L3-L4 interspinous posterior device in a pa-
tient with double level implant. The patient underwent revision surgery with 
removal of both interspinous posterior devices followed by decompression and 
stabilization with screws and rods.
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way. In light of  this, the movement cannot be intended 
as preserved; (2) The movement of  the spinal motor unit 
depends greatly on the articular masses, the inter- and 
supraspinous ligament and the muscles of  the posterior 
tension band, and all the components of  the spinal mo-
tor unit tend to degeneration; for these reasons, all IPDs 
are not capable of  controlling the movements in all three 
directions of  the space and substituting all the compo-
nents of  the motor unit, so they cannot be defined as 
dynamic stabilization[28-35,43-46,50]; and (3) The materials and 
biomechanical concepts of  construction of  these devices 
are not fully respectful of  the biological characteristics of  
human tissues[28-35,43-46,50-63].

Different considerations have to be made for in-
terspinous fusion devices (IFD) (Aspen, Axle, etc). De-
scribed in the past, this technique has been brought to 
the fore in the last few years with the development of  
new spinous-anchoring devices whose aim is an inter-
spinous bone fusion. 

The main goal of  IPD is motion preservation, while 
IFDs have a different root concept: if  the substrate of  
lumbar stenosis is the hypermotion, the only way to 
stop the degeneration is to block it; this goal is achieved 
through the bone fusion. So IFD’s aim is not motion 
preservation but bone fusion and the immobilization of  
the metamere. These devices have a double function, 
related to their possible association with TLIF interbody 
fusion[38-42].

Stand-alone
Spinous process fusion of  a spinal motor unit occurs 
after placement of  the device in distraction or in neutral 
position. If  the device is implanted in distraction, the 
biomechanical alteration persists because the axial load is 
altered, but the pathological segment is stabilized by the 
osseous fusion. The degenerative process can progress 
towards the adjacent segments with the development of  
an adjacent segment disease.

TLIF interbody fusion
In my opinion, this is the best use for IFD. This surgery 
is recommended in cases of  monolateral radiculopathy 
with foraminal stenosis due to facet hypertrophy. The 
surgical procedure includes artrectomy to perform a 
TLIF and complete decompression of  the foramen and 
the nerve root, associated with the implant of  a device in 
neutral position (not in distraction)[38-42]. 

This technique offers several advantages: (1) The 
execution of  a TLIF allows performing a monolateral 
decompression and the insertion of  an anterior interso-
matic cage. The cage, in relationship with its width, can 
restore the physiological lumbar lordosis and leave the 
sagittal balance of  the lumbar spine unaltered; (2) The in-
sertion of  the cage in the TLIF technique allows a higher 
fusion rate than the one obtained in a PLIF technique, in 
relationship with the most anterior position of  the cage 
and of  the width of  the cage itself; (3) The insertion of  
the device in neutral position stabilizes the segment in its 

physiological position without distracting the segment; 
and (4) This procedure allows performing a circumferen-
tial fusion with an exclusively posterior and monolateral 
approach, preserving muscular insertions and the poste-
rior tension band.

Recently, these devices have gone through an evolu-
tion, with the creation of  expansion devices and cardanic 
compression devices that allow the distraction and the 
compression of  the segment during the surgical proce-
dure. These new devices allow modelling the orientation 
of  the segment towards compression, increasing the pres-
sure on the cage and assuring a better interbody fusion. 

INDICATIONS AND LIMITS
The surgical conditions in which restricted and non re-
stricted IPD are recommended are fully described in the 
literature: foraminal and/or central stenosis, soft stenosis, 
I grade spondylolisthesis (actually debated), low back 
pain, black disc[64-69].

In the last few years, many authors have reported the 
high rate of  surgical revision and symptom recrudes-
cence in patients who have had these devices implant-
ed[28-35,43-46,50]. In my opinion, from the literature review 
and my personal experience, surgical indications for the 
use of  these interspinous devices are basically absent: (1) 
In foraminal stenosis, their only action is to accelerate the 
segmental degenerative process; (2) In central stenosis, 
they have no indication because their action is not reso-
lutive for claudication, with its gold standard treatment 
the central decompression obtained with laminectomy; 
(3) In spondylolisthesis they are not indicated because 
the shear stress acting on the disc is high and the slippage 
would be augmented[28-35,43-46]; and (4) In low back pain 
due to micro-instability and in black disc conditions these 
devices would not be implanted because they do not re-
duce micro-instability but increase it, overloading the disc 
and augmenting pain.

In my opinion, interspinous devices have no clinical 
indication at the moment. 

Interspinous stabilizers generating fusion, such as 
IFD, have a small range of  surgical indications instead: 
monolateral or bilateral foraminal stenosis without evi-
dence of  spondylolisthesis in X-ray dynamic projections. 
These implants, which in my opinion have to be associ-
ated with TLIF and be inserted in neutral position or in 
slight compression, can allow the decompression of  the 
stenotic nerve root with the TLIF technique, explicit in 
a slight compression supporting a contact between cage 
and endplates to promote a better intersomatic osseous 
fusion and promoting an interspinous and intersomatic 
osseous fusion, blocking the segmental degenerative 
process, responsible for the pathology and the symp-
toms[64-77]. 

COSTS
The costs of  the device and its surgical revision should 
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not be underestimated. In a 2012 review concerning 
the post-op status of  IPD, Epstein et al[74] reported a 
11.6%-38% complication rate, 4.6%-85% reoperation 
rate and a 66.7%-77% incidence of  poor outcomes. Fur-
thermore, the cost of  every single device is very high. So, 
high cost, high rate of  complications, reoperation rates 
and poor outcomes make the choice of  implantation of  
an IPD really controversial. In light of  the points ex-
pressed previously, I think that IPD can be summarized 
as follows: highly expensive and poorly effective[64-69].

CONCLUSION
Dynamic neutralization systems should be studied, built 
and then implanted in order to preserve spinal biome-
chanics. The preservation of  the physiological character-
istics of  the spine should particularly be aimed towards 
the whole motor unit (disc, facets, posterior tension band, 
ligaments) intended to be responsible for the segmental 
movement. IPD, as they are conceived today, do not seem 
to respect the biomechanical characteristics of  the motor 
unit, accelerating the degenerative process and worsen-
ing the pathological process at the root of  the clinical 
symptoms of  patients. So this kind of  device does not 
seem to have a definite and correct clinical indication at 
the moment. The IFD with their main aim as the treat-
ment of  the root of  the pathological condition (instability) 
have a restricted range of  clinical indications and their 
use can definitely be a source both for the patient and 
the surgeon. It is important to underline that these im-
plants must not become a trend but only a weapon in the 
surgeon’s hands and, as with every weapon, is extremely 
dangerous in wrong hands. So the spinal surgeon is the 
only one who can decide when to use it and must know 
in detail the effects of  this weapon to use it correctly with 
no damage for the patient. 
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Abstract
Tumoral calcinosis (TC) has long been a controversial 
clinico-pathological entity. Its pathogenesis and genetic 
background have been gradually unravelled since its 
first description in 1943. According to the presence or 
absence of an underlying calcifying disease process, TC 
has been divided into primary and secondary variet-
ies. Two subtypes of the primary variety exist; a hyper-
phosphatemic type with familial basis represented by 
mutations in GalNAc transferase 3 gene (GALNT3 ), 
KLOTHO  or Fibroblast growth factor 23 (FGF23 ) genes, 
and a normo-phosphatemic type with growing evidence 
of underlying familial base represented by mutation in 
SAMD9  gene. The secondary variety is mainly associ-
ated with chronic renal failure and the resulting sec-
ondary or tertiary hyperparathyroidism. Diagnosis of TC 
relies on typical radiographic features (on plain radio-
graphs and computed tomography) and the biochemi-
cal profile. Magnetic resonance imaging can be done 
in difficult cases, and scintigraphy reflects the disease 
activity. Treatment is mainly surgical for the primary va-
riety; however, a stage-oriented conservative approach 
using phosphate binders, phosphate restricted diets 

and acetazolamide should be considered before the 
surgical approach is pursued due to the high rate of re-
currences and complications after surgical intervention. 
Medical treatment is the mainstay for treatment of the 
secondary variety, with failure warranting subtotal or 
total parathyroidectomy. Surgical intervention in these 
patients should be kept as a last resort.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tumoral calcinosis; Primary; Secondary; Cal-
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Core tip: This review of literature on tumoral calcinosis, 
describes the current understanding of the pathogen-
esis and classifications of this relatively rare clinico-
pathological entity. It discusses the different current 
diagnostic modalities and treatment options.
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INTRODUCTION
Tumoral calcinosis (TC) is a rare clinical and histopatho-
logic syndrome characterized by calcium salt deposition 
in different peri-articular soft tissue regions[1,2]. It mainly 
manifests in childhood or adolescence as painless, firm, 
tumour-like masses around the joints that may lead to 
joint function limitations specially when large in size[1,3,4].

Regions most commonly involved by this pathology 
are soft tissues of  peri-articular upper limb (shoulder and 
elbow) and hip regions. Still; spinal[5-7], temporo-man-
dibular joint[8,9], metacarpals/metatarsals[10], and popliteal 
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space[11] involvement has also been reported.

HISTORICAL REVIEW
The term “tumoral calcinosis” was first stated by Inclan 
et al[3] in 1943 for a disease characterized by large juxta-
articular lobular calcified masses without visceral or skin 
calcifications in patients showing normal serum calcium 
and phosphorus levels. The characteristic pathological 
features of  these lesions were the presence of  multiple 
cysts filled with calcified deposits lined by histiocytes, gi-
ant cells, and xanthomatous histiocytes. Earlier, Giard[12] 
and Duret[13] reported a similar condition in the Euro-
pean medical literature in 1898 and 1899, respectively. 
This disease process was a subject of  Teutschlaender[14,15] 
studies from 1930 to 1950, known as the Teutschlaender 
disease in the European literature by that time[16].

Since its first description by Inclan et al[3], the term 
tumoral calcinosis has been widely used in the literature 
and has been sometimes broadened to include other con-
ditions resulting in similar clinico-pathologic features, or 
even imprecisely used to describe any massive collection 
of  peri-articular calcifications[17]. In this article, we are 
aiming at reviewing pathogenesis of  the disease and the 
current diagnostic and treatment options.

ETIOLOGY, PATHOGENESIS AND 
CLASSIFICATION
Etiology of  TC remains uncertain despite the several 
theories that have been proposed. In 1996, Smack et al[18], 
retrospectively reviewed 122 cases of  TC ending in a 
proposed pathogenesis-based classification as follows: (1) 
Primary normo-phosphatemic TC. Normo-calcemia and 
normo-phoshpatemia are the hallmark of  this entity. The 
majority of  patients present before the 2nd decade of  life 
and almost half  of  them live in tropical or subtropical 
regions. It is usually characterized by solitary calcifica-
tions. Although Smack et al[18], mentioned that there was 
no evident familial pattern in this entity, recent literature 
showed growing evidence of  familial basis for this type 
of  pathology, involving mutations in the gene encoding 
for SAMD9 protein[19]; (2) Primary hyper-phosphatemic 
TC. Normo-calcemia and hyper-phosphatemia are the 
hallmark of  this entity. This type usually presents dur-
ing the first and second decades[17,20] with predominance 
in people of  African descent (some authors suggested 
confining the term TC to this variety)[17]. Genetic pre-
disposition is a feature of  this type of  TC where hyper-
phosphatemia arises due to reduced urinary phosphate 
excretion caused by recessive mutations in GalNAc 
transferase 3 gene, GALNT3, and KLOTHO, that causes 
the inactivation of  FGF23, a phosphoturic hormone[21-24]; 
and (3) Secondary TC. Chronic renal failure (CRF) is the 
most common identifiable condition in this entity. 

The histology of  the TC lesions in these 3 groups is 
identical. The reason behind this similarity has not yet 

been resolved[25]. This classification although bringing 
clarity to the diagnosis of  TC and being widely propagat-
ed in the literature is still facing some debates[17] including 
the dissociation between the lesion and it’s underlying 
etiology resulting from dealing with the term as a clinico-
pathological description rather than a separate disease 
entity as described by Inclan et al[3]. 

Although Smack et al[18] described this classification as 
a pathogenesis based one, they actually classified the con-
dition according to the presence or absence of  underlying 
disease associated with calcification and the biochemical 
profile of  the patients rather than actual pathogenesis of  
the lesions. 

A stepwise approach to the pathogenesis of  TC le-
sions has been proposed[26]. Although this approach has 
been described for the familial type of  TC, it has been 
later enlarged to contain the other types of  this pathol-
ogy as a common pathway, which eventually results in the 
formation of  the characteristic TC lesions[25] as follows: 
(1) Minimal repetitive trauma leading to hemorrhages in 
the peri-articular tissue initiating a foamy histiocytic re-
sponse. Traumatic Injury preceding the development of  
TC lesions has been frequently reported specially in the 
normo-phosphatemic variety[18]. Trauma in the form of  
chronic pressure has also been accused[27]. The presence 
of  hemosiderin pigment near TC lesions fortifies this 
theory[28]; and (2) A reparative process is initiated which 
together with friction forces, lead towards neobursae 
formation. However, an interplay between multifactorial 
calcification process and collagenolysis due to proteolytic 
enzymes produced from disintegrating histiocytes pre-
vents functional bursae and bone formation. This results 
in the characteristic lesions of  TC, representing the active 
stage of  the process[26].

This multifactorial calcification is initiated by elevated 
calcium phosphorus product with hyper-phosphatemia as 
the overwhelming component. This hyper-phosphatemia 
can be explained by genetic mutations in the FGF23, 
GALNT3 or KLOTHO gene resulting in inactivation of  
the phosphaturic protein FGF23 in the primary hyper-
phosphatemic variety. In the secondary type, this hyper-
phosphatemic state is explained by the association with 
secondary hyperparathyroidism resulting from CRF. On 
the other hand, in the primary normo-phosphatemic 
variety, transient hyper-phosphatemia is the proposed 
mechanism. This transient hyper-phosphatemia is either 
produced locally due to tissue injury leading to release 
of  phosphate from injured cells into extracellular space 
specially when injury involves muscles (main phosphate 
store in soft tissue), or induced by excessive oral or rectal 
use of  a phosphate-saline laxatives[25,29]. This hypothesis 
still needs to be augmented. Figure 1 shows a schematic 
illustration of  the pathogenesis of  the different types of  
TC.

Finally, calcified debris fills the loculi leading to bone 
formation with arrest of  bursae forming activity and 
decline in collagenolysis activity, ending in fibrosis that 
surrounds the TC lesions. Here, the lesions become rela-
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tively quiescent[26].

DIAGNOSIS AND DIFFERENTIAL 
DIAGNOSIS
Diagnosis of  TC involves differentiating the condition 
from its mimics and further classifying it into one of  the 
aforementioned categories.

Patients with TC usually present with multiple or soli-
tary swellings related to the joints, discomfort, pain, and 
joint movement limitation[28,30] most commonly affecting 
the hip, elbow, shoulder, foot, and wrist[17]. Growth of  
such lesions is mostly slow and progressive in nature over 
several years[31]. Sometimes, ulceration of  the overlying 
skin occurs with superadded secondary infection[32,33]. 
Huge bilateral cases of  TC though rare, have been de-
scribed in the literature[34].

Diagnosis of  TC is mainly based on imaging mo-
dalities. Plain radiographs show the typical appearance of  
amorphous, multilobulated and cystic calcifications in a 
peri-articular location[17]. Computed tomography helps in 
determining the extent and relations of  individual lesions, 
and as a guide for surgical planning. It usually shows 
cystic loculi with fluid-fluid levels caused by calcium lay-
ering giving rise to “the sedimentation sign”[35]. In other 
instances, the lesion may appear homogenous denoting 
decreased activity in the quiescent stage[36,37]. Erosion or 
osseous destruction by adjacent soft-tissue masses is con-
sistently absent; another hallmark of  this pathology[17]. 
Magnetic resonance imaging shows inhomogeneous high 
signal intensity on T2-weighted sequences with two pat-
terns frequently observed; diffuse lower-signal-intensity 
pattern, or nodular pattern with alternating areas of  high 
signal intensity and signal void. The lesions appear in-
homogeneous with low-signal intensity on T1-weighted 
sequences[37].

Scintigraphy using radiolabeled phosphate com-
pounds (technetium-99m methylene diphosphonate) is 

of  great value in detecting multiple lesions, newly-form-
ing lesions, bone marrow affection, and for monitoring 
therapy reflecting the activity of  the lesions. Ultrasonog-
raphy can also be of  value in detecting loculated fluid 
collections, thus helping in determining the disease activ-
ity[17,37,38].

Other conditions including calcinosis universalis, cal-
cinosis circumscripta, calcific tendonitis, synovial osteo-
chondromatosis, synovial sarcoma, osteosarcoma, myosi-
tis ossificans, tophaceous gout, and calcific myonecrosis 
can confuse both the radiologists and the clinicians re-
garding the nature of  these lesions. This can be resolved 
through combining typical radiological features of  TC 
with the serum biochemical profile (including serum cal-
cium level, serum phosphorus levels, renal function tests , 
serum parathormone level and 1,25-dihydroxy-vitamin D 
levels)[17,38]. Detailed family, drug and past history should 
also be obtained.

It should be emphasized that connective tissue dis-
eases should be excluded before settling the diagnosis as 
primary TC specially in the setting of  normal calcium 
and phosphorus levels. This can be achieved with a nega-
tive antinuclear, anti-Smith, anti-centromere and anti-
scleroderma antibodies profile[17].

Although biopsy is better avoided for fear of  infec-
tion[34]. It may still be done in difficult cases to settle the 
diagnosis[39]. Histopathological examination of  TC lesions 
after biopsy or surgical excision shows certain character-
istic morphologic features differentiating it from other 
calcifying processes. This includes formation of  the char-
acteristic compartments, which contain liquid chalky con-
tent together with calcifications. Such compartmentalized 
configuration frequently remains even in the quiescent 
stage[25].

TREATMENT MODALITIES
Treatment of  TC should be tailored according to the type 
of  the lesion, stage of  the pathology together with the 
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Figure 1  Schematic diagram showing pathogenesis of 
different types of tumoral calcinosis. HPTC: Hyperphos-
phatemic tumoral calcinosis; NPTC: Normo-phosphatemic TC; 
CRF: Chronic renal failure; GALNT3: GalNAc transferase 3 
gene; FGF23: Fibroblast growth factor 23.
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site, size and relations of  the lesion, as well as symptoms 
of  the patient.

Considering the primary variety, primary treatment is 
early surgical excision[40]. However, the high rate of  recur-
rence warrants repeated excisions[2,33]. During surgery, TC 
lesions show a cystic nature with white and yellow chalky 
material formed by calcium hydroxyapatite crystals, cal-
cium carbonate and calcium phosphate[18]. The presence 
of  a hyper-vascular region beyond the periphery of  the 
calcified mass as proven by angiography raises the pos-
sibility that a wider surgical resection margin may lead to 
fewer recurrences. Confirmation of  this theory is how-
ever, still needed[41]. Slavin et al[26], reported that immobi-
lization after resection may also have a role in decreasing 
new lesion formation in the adjacent tissues. 

Huge lesions may require extensive surgical excision 
and reconstruction[42]. Relations to important neurovas-
cular structures may be challenging, resulting mostly in 
partial excision and rapid recurrence. However, partial 
excision of  large symptomatic lesions can be helpful pro-
viding significant pain relief[43,44]. Indications for surgical 
excision also include recurrent infection, ulceration, and 
functional impairment[34,45]. 

According to a literature review done by King et al[45], 
surgical complications of  TC excision include postopera-
tive prolonged drainage which can lead to delayed wound 
healing and sinus tract formation, secondary infections 
caused by chronic wound problems specially with ex-
tensive disease or incomplete resection, and recurrence, 
which is frequent after incomplete excision and usually 
has a faster rate of  growth. 

Medical treatment through phosphate depletion (di-
etary deprivation of  phosphorus and phosphate binding 

chelating agents such as oral aluminium hydroxide has 
shown variable success rates in both normo- and hyper-
phosphatemic cases[10,33,46]. The combination with acet-
azolamide to induce phosphaturia may have a valuable 
synergistic effect in lowering hyper-phosphatemia[47,48]. 
In-view of  the high rate of  recurrence after surgical exci-
sion, medical treatment in the primary variety could be 
reasonably considered before the surgical approach, espe-
cially in the hyper-phosphatemic entity.

From a pathogenetic point of  view, medical treatment 
during the active stage maybe superior to surgery which 
is usually doomed with recurrence in this stage. On the 
other hand, surgical treatment may be more effective in 
the relatively quiescent stage where encapsulation occurs 
and hinders the ion exchange process leading to failure 
of  phosphate depletion treatment[26]. Some authors advo-
cate a combination therapy that includes surgical excision 
and medical treatment as a necessity in some resistant 
cases[49,50]. Alternative treatment modalities including the 
administration of  steroids, diphosphonates, or calcito-
nin and radiation therapy have not proven to be effec-
tive[2,3,51-53].

On the other hand, treatment of  secondary TC (end 
stage renal disease-related, hemodialysis-related TC) is 
mainly medical. Surgical excision is associated with more 
profound complications (infection, fistula formation) 
aggravated by the patient medical condition, together 
with the persistence of  the etiology[34]. Surgical inter-
ventions or biopsies should be kept as a last resort in 
these patients. Medical treatment includes calcium and 
phosphorus restricted diets, dialysates, and phosphate 
binders (except aluminium containing binders). Several 
other medical treatments including Vinpocetine, Sodium 
thiosulfate, intravenous Pamidronate, have been used in 
treatment of  the secondary variety of  TC with variable 
success rates[54-58]. 

Given the underlying secondary or tertiary hyperpara-
thyroidism in most of  these patients, subtotal or total 
parathyroidectomy is the next logical step in the setting 
of  medical treatment failure. This approach has demon-
strated significant response[59-61]. Kidney transplantation 
may also be considered. Figure 2 shows a schematic dia-
gram of  the diagnostic and treatment approach for TC.

CONCLUSION
In view of  growing understanding of  the pathogenesis 
of  TC and evidence of  the familial origin in the normo-
phosphatemic, an agreement regarding the clinico-path-
ological entities to which the term TC should be coined 
should be sought. Such an agreement may necessitate 
preserving the term for the familial type of  the condition 
including its two variants after exclusion of  underlying 
disease process, or at least limiting the secondary variant 
to conditions sharing the same pathogenesis on ultra-
structural level. This should be propagated to radiologists, 
clinicians and pathologists in order to avoid a misleading 
imprecise diagnosis. The exact diagnosis of  TC relies on 
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Figure 2  Schematic diagram showing the diagnostic and treatment ap-
proach for tumoral calcinosis. TC: Tumoral calcinosis.
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typical radiologic features and biochemical profile, with 
the exclusion of  connective tissue diseases. Treatment 
plans should be tailored to individual cases. Generally, 
conservative treatment is better considered prior to the 
surgical approach in primary patients, reserving surgical 
excision to patients with disabling symptoms. In second-
ary cases, medical treatment in the mainstay. Treatment 
failure warrants parathyroidectomy, and surgical excision 
should be the last resort in these cases.
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Abstract
The prevalence of type 2 diabetes mellitus (T2DM) has 
risen in recent decades, and cardiovascular disease 
remains the leading cause of death in this population. 
Several clinical trials have demonstrated the benefit 
of tight control of risk factors on the incidence and 
mortality of cardiovascular disease. However, in clinical 
practice, few patients achieve the therapeutic goals. 
The current diagnostic procedures for subclinical car-
diovascular disease in T2DM patients have not been 
shown to improve prognosis or mortality, probably be-
cause they do not categorize cardiovascular risk. Thus, 
clinical practice guidelines do not systematically recom-
mend screening for subclinical atherosclerosis in these 
patients, although it is known that patients with extra-
coronary atherosclerosis, microangiopathy and poorly-
controlled cardiovascular risk factors are at high risk for 
cardiovascular disease. Improvements in the reliability 
of diagnostic tests, with fewer side effects and better 
cost efficiency, may better help to stratify cardiovascu-
lar risk in this group of patients, and further evaluation 

on this topic should be considered. 
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Core tip: The prevalence of type 2 diabetes mellitus 
(T2DM) has risen in recent decades, and cardiovascu-
lar disease remains the leading cause of death in this 
population. Several clinical trials have demonstrated the 
benefit of tight control of risk factors on the incidence 
and mortality of cardiovascular disease. The current 
diagnostic procedures for subclinical cardiovascular 
disease in T2DM patients have not been shown to im-
prove prognosis or mortality, probably because they 
do not categorize cardiovascular risk. Improvements in 
the reliability of diagnostic tests, with fewer side effects 
and better cost efficiency, may better help to stratify 
cardiovascular risk in this group of patients, and further 
evaluation on this topic should be considered.
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INTRODUCTION
The prevalence of  type 2 diabetes mellitus (T2DM) is 
rising dramatically in industrialized countries[1]. Accord-
ing to the National Health and Nutritional Examination 
Survey, 19.7 million Americans had diagnosed diabetes, 
representing 8.3% of  the adult population, and an ad-
ditional 8.2 million were undiagnosed[2]. In Europe, 
population studies report a T2DM prevalence of  13.8%, 
although many cases are undiagnosed[3]. Cardiovascular 
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disease is the leading cause of  mortality and morbidity 
in this specific population and is responsible for most of  
the increased health care costs[4]. Traditionally, T2DM has 
been considered a coronary risk equivalent[5]. Although 
this topic is the subject of  debate[6-10], there is unanimous 
agreement that strict control of  cardiovascular risk fac-
tors in T2DM patients reduces the incidence of  cardio-
vascular disease[11].

T2DM is often associated with several other cardio-
vascular risk factors. Therefore, cardiovascular prevention 
in these patients should be multifactorial. Studies assess-
ing the impact of  multifactorial risk factor intervention 
obtained substantial improvements compared with those 
evaluating single risk factor interventions[12,13]. 

The effectiveness of  a multifactorial intervention was 
demonstrated in the Steno-2 study, where patients with 
T2DM and microalbuminuria were randomized to inten-
sive or conventional multifactorial intervention over 7.8 
years. A target-driven, long-term, intensified intervention 
aimed at multiple risk factors, particularly through low-
density lipoprotein (LDL) cholesterol lowering and blood 
pressure control, achieved a 50% reduction in vascular 
events in this specific population[11].

In addition, many of  the benefits of  controlling risk 
factors in patients with T2DM disappear when control 
ceases, at a similar rate as the benefits   are obtained[13-15]. 
For example, in the UKPDS study, patients with newly-
diagnosed T2DM who presented an increase in blood 
pressure levels during follow-up almost immediately had 
an increase in the risk of  cardiovascular episodes[14]. Fur-
thermore, intravascular ultrasound studies have shown 
that coronary atherosclerosis regression is more difficult 
to attain in patients with diabetes than in those without[16], 
and therefore prevention and early treatment of  the dis-
ease are essential.

The proportion of  patients achieving therapeutic 
goals in cardiovascular risk factors in clinical practice[17] 
is very low, mainly in those at high cardiovascular risk, as 
is the case of  patients with T2DM. In this respect, only 
28% of  T2DM patients reach a blood pressure level < 
140/90 mm  Hg, and 22% less than 130/90 mmHg. Of  
greater concern is the fact that among known hyperten-
sive patients, 40% did not follow a specific therapeutic 
strategy. Regarding lipid goals, only 35% of  T2DM 
patients reached on LDL cholesterol concentration be-
low 100 mg/dL. Another alarming fact is that 62% of  
patients requiring lipid-lowering therapy do not receive 
pharmacologic treatment[18]. 

Given the poor risk factor control in clinical practice, 
it is essential to evaluate strategies for early diagnosis of  
cardiovascular disease in T2DM patients, especially since 
the disease is often asymptomatic and has worse progno-
sis in these subjects than in non-diabetics[19]. A substantial 
percentage of  patients with T2DM have silent myocardial 
ischemia, and these patients are at greater risk for car-
diovascular events[20]. Therefore, the diagnosis of  silent 
coronary disease may help to identify subjects at very 
high risk and consequently aid the implementation of  

more aggressive risk reduction strategies in this subgroup 
of  patients.

Recent American Diabetes Association (ADA) guide-
lines[17] recommend only advanced or invasive cardiac 
tests in the presence of  typical or atypical symptoms or 
abnormal baseline electrocardiogram (ECG). The ratio-
nale for not indicating screening tests in asymptomatic 
patients at high cardiovascular risk is simply because 
these patients are already supposed to be being treated 
to attain strict metabolic goals, although as previously 
stated, this is not so in the majority of  cases[18]. Moreover, 
we must take into account that technologic progress ren-
ders diagnostic techniques increasingly sensitive and less 
invasive and thus their applicability may vary in the short-
mid term. Therefore, we considered it of  interest to carry 
out a review of  factors that may predispose to silent car-
diovascular disease in T2DM and of  diagnostic tests that 
can be considered in selected cases.

RISK FACTORS FOR CARDIOVASCULAR 
DISEASE IN T2DM PATIENTS
The expert consensus published by the ADA in 2007[21] 
defines asymptomatic T2DM patients as being at high 
risk for myocardial ischemia if  they display any of  the 
characteristics shown in Tables 1 and 2.

Evidence of other atherosclerotic vascular disease
Atherosclerosis is a systemic process, and patients with 
T2DM have a greater atherosclerotic burden at any level 
of  the arterial tree[22,23]; therefore, involvement of  only 
one vascular territory is highly unlikely.

Screening for peripheral arterial disease (PAD) is 
widely accepted and has been extensively implemented in 
clinical practice. Thus, patients diagnosed with T2DM re-
quire an annual evaluation of  their feet, including inspec-
tion, examination of  sensitivity and palpation of  pedal 
pulses and a questionnaire addressed to identify intermit-
tent claudication. Periodic determination of  the ankle-
brachial index is also recommended[17]. Ninety per cent of  
patients with established PAD have coronary atheroscle-
rosis on angiography[24]. In accordance with this observa-
tion, the presence of  PAD is a predictor of  symptomatic 
coronary artery disease, with a relative risk of  6.6 (95%CI: 
2.9-15)[25]. Studies in patients who have suffered a stroke 
showed an 18%-38% prevalence of  asymptomatic heart 
disease[26-28]. Thus, patients with extra-coronary athero-
sclerosis are at high risk of  coronary involvement, and 
therefore screening strategies should be considered along 
with aggressive treatment of  cardiovascular risk factors.

Microalbuminuria
Microalbuminuria and chronic kidney disease are clearly 
associated with cardiovascular disease. The incidence 
of  coronary heart disease or cardiac death 5 years after 
kidney failure diagnosis is 40%[29], and the age-adjusted 
hazard ratio for the development of  coronary heart dis-
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ease is 1.66 (95%CI: 1.24-1.92) when microalbuminuria 
is present, and may rise to 2.84 (95%CI: 1.80-4.46) in 
the case of  macroalbuminuria[30]. Although the patho-
physiologic explanation for this association is not fully 
understood, factors associated with the development of  
microalbuminuria or renal failure, such as a nocturnal rise 
in blood pressure, increased lipoprotein(a) and homo-
cysteine levels or elevation of  inflammatory markers and 
insulin resistance could play a role.

In any event, multiple observational studies con-
firmed this association, and thus patients with T2DM and 
any renal impairment stage should be considered at high 
risk for asymptomatic coronary artery disease.

ECG
Baseline ECG is a rapid, cheap, simple and accessible 
method of  screening for coronary heart disease. The 
finding of  pathologic Q waves, ST-segment changes or 
left bundle branch block requires further testing to evalu-
ate coronary artery disease in these patients, who should 
no longer be classified as “asymptomatic”. Unfortunately, 
the number of  cases detected with a baseline ECG alone 
is very low.

The exercise stress test is widely available in most hos-
pitals and provides useful information regarding the ST-
segment abnormalities suggestive of  ischemia, although it 
does not constitute a very powerful marker of  prevalent 
or incident coronary heart disease[28,31]. In patients with 
T2DM, sensitivity for detecting coronary artery disease is 
47% and specificity 81%[32]. In addition to low sensitivity, 
the exercise stress test may have a limited role in diabetic 
patients who are typically deconditioned, overweight and 
possibly ataxic from peripheral neuropathy. In some stud-
ies, over 50% of  subjects are not able to complete the 
exercise stress test[33].

Exercise capacity is probably a more relevant fac-
tor, since decreased exercise capacity has been linked to 
increased mortality and cardiovascular events in healthy 
people[34] and in patients with T2DM, with an odds ratio 
for coronary heart disease of  2.21 (95%CI: 1.41-3.46)[35].

Autonomic neuropathy
Systematic screening for autonomic neuropathy at the 
time of  T2DM diagnosis[17] is recommended; however, it 
is probably the most underdiagnosed chronic complica-
tion of  diabetes. It is usually associated with other micro-
vascular complications such as retinopathy or nephropa-
thy, and its major clinical manifestations include resting 
tachycardia, exercise intolerance, orthostatic hypotension, 
constipation, gastroparesis, erectile dysfunction, sudorip-
arous dysfunction and hypoglycemia unawareness. In pa-
tients with at least one microvascular complication it may 
be indicated to perform a Valsalva or deep breathing test 
to assess the presence of  cardiac autonomic neuropathy.

Since 1962, it has been assumed that patients with 
T2DM may have coronary episodes with few or no 
symptoms, and this has been attributed, at least in part, 
to possible cardiac denervation due to neuropathy[36]. 
As previously mentioned, the presence of  diabetic auto-
nomic neuropathy is a significant predictor of  coronary 
ischemia[37]; conversely, between 65% and 92% of  dia-
betic patients with myocardial ischemia have autonomic 
neuropathy[38,39]. Thus, in all T2DM patients, but espe-
cially those with other cardiovascular risk factors, it is 
important to perform routine screening for autonomic 
neuropathy. Patients with diabetic autonomic neuropathy 
should undergo cardiac evaluation before initiating more 
intense physical activity than their usual.

Retinopathy
As in other microangiopathic complications, the presence 
of  retinopathy is also related to the incidence of  coro-
nary artery disease in these patients[40,41]. In this regard, 
after adjusting for age, body mass index, waist circumfer-
ence, smoking status, lipids, glycosylated hemoglobin, 
T2DM duration and treatment, the odds ratio for the 
development of  heart disease was 3.75 (95%CI: 2.0-7.4) 
in men and 3.81 (95%CI: 2.2-7.3) in women with prolif-
erative retinopathy or who had received laser therapy[41]. 
Statistical significance was also maintained after adjust-
ment for the presence of  hypertension and nephropathy. 
In accordance with these results, the relative risk for the 
prevalence of  symptomatic coronary artery disease in 
patients with established retinopathy was 1.98 (95%CI: 
1.44-2.74)[42].
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Table 1  Clinical characteristics of diabetic patients with 
increased risk of coronary heart disease

Evidence of other atherosclerotic vascular disease
Renal disease
Abnormal resting electrocardiogram
Diabetes complications including autonomic neuropathy
Age > 45 yr
Male sex
Traditional risk factors 
  Blood pressure
  Dyslipidemia
  Smoking
  Inactivity
  Abdominal obesity
Novel cardiac risk factors 
  C-reactive protein
  Homocysteine
  Lipoprotein(a)

Table 2  Key messages

Cardiovascular disease is the leading cause of mortality in patients 
with T2DM
Control of cardiovascular risk factors has been shown to significantly 
reduce the incidence of cardiovascular disease in T2DM patients
Control level of cardiovascular risk factors in patients with T2DM in 
clinical practice is poor
Systematic screening of cardiovascular disease has not been shown to 
improve the prognosis of patients with T2DM
In patients with atypical symptoms or ECG abnormalities, cardiovascular 
disease screening is warranted

T2DM: Type 2 diabetes mellitus; ECG: Electrocardiogram.
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Traditional risk factors
Typically, patients with T2DM have other classic associ-
ated cardiovascular risk factors such as hypertension or 
dyslipidemia which increase their cardiovascular risk. 
Therapeutic intervention for these factors contributes to 
a reduction in vascular risk[11]; however, previous studies 
demonstrated that in clinical practice it is very difficult to 
achieve the therapeutic goals for these risk factors recom-
mended by clinical guidelines[18].

On the other hand, previous studies suggested that 
traditional cardiac risk factors are not associated with ab-
normal stress tests in asymptomatic diabetic patients[37]. 
The Detection of  Ischemia in Asymptomatic Diabetics 
(DIAD) study concluded that markedly abnormal myo-
cardial perfusion results occurred with equal frequency 
among patients with two or more and less than two risk 
factors.Thus, the presence or absence of  major cardiovas-
cular risk factors is not a suitable parameter to determine 
which T2DM patients require screening for asymptom-
atic coronary artery disease.

SCREENING TESTS
No validated algorithm for the screening of  asymptom-
atic coronary artery disease in T2DM patients has been 
established. In this respect, choice of  the diagnostic pro-
cedure will depend on the available scientific evidence, 
experience in each center and degree of  coronary heart 
disease suspicion, based on the variables mentioned pre-
viously. The scientific evidence on the available diagnostic 
procedures for coronary heart disease: echocardiography, 
myocardial perfusion imaging and computed tomography 
for coronary calcium, will be reviewed.

Echocardiography
Resting echocardiogram is not routinely recommended 
in normotensive patients since its sensitivity and specific-
ity for coronary heart disease detection are low[43]. Severe 
changes in contractility are more typical of  the acute 
phase of  myocardial infarction; moreover, segmental wall 
abnormalities do not exclusively constitute an ischemic 
etiology, since they may also be present in patients with 
non-ischemic heart diseases.

Therefore, resting or stress echocardiography after 
exercise or dobutamine is not routinely recommended in 
asymptomatic T2DM patients since no studies have pro-
vided data on its benefits. The usefulness of  this test is 
limited to patients with known coronary heart disease   to 
assess reversible ischemia, myocardial viability and risk 
stratification.

Myocardial perfusion imaging
Single-photon emission computed tomography after 
exercise or pharmacologic administration is one of  the 
most widely performed screening tests in asymptomatic 
T2DM patients. The presence of  a fixed or reversible 
perfusion defect is associated with a three-fold increased 
risk for cardiovascular episodes in patients over 60 years 
of  age[44]. In the DIAD study, participants with type 

2 diabetes and no symptoms of  CAD were randomly 
assigned to be screened with adenosine-stress radio-
nuclide myocardial perfusion imaging (MPI) or not to 
be screened and be prospectively followed for a mean 
period of  5 years. Patients with a normal/low-risk scan 
showed an annual cardiovascular event incidence of  0.4% 
compared with 2.4% in those with a moderate to large 
perfusion defect[45]. Therefore, if  the benefits of  this 
test, which is minimally invasive and of  acceptable cost 
are considered, it should probably be recommended as a 
first-line diagnostic procedure for silent myocardial isch-
emia in T2DM patients.

Computed tomography
The use of  Multi-detector computed tomography (CT) 
as a noninvasive assessment of  the coronary artery tree 
is becoming more frequent in addition to angiographic 
methods in patients with or without T2DM diabetes who 
have had an acute myocardial infarction.

In asymptomatic patients or in those with mild symp-
toms the assessment of  coronary artery calcium (CAC) 
is most commonly used, which is a specific marker of  
atherosclerosis. It can be visualized and measured non-
invasively by computed tomography. The quantity of  
calcium within coronary arteries is typically scored as the 
area affected on the scan, multiplied by a weighting factor 
depending on the Hounsfield unit density of  the calcium 
deposits[46]. Given the radiation exposure, careful patient 
selection for this test is mandatory. Coronary calcification 
in men < 40 years of  age and in women < 50 years of  
age is infrequent; therefore, CT scanning is generally not 
recommended in these age groups. Several studies have 
shown the coronary artery calcium score to be valuable 
in identifying patients at high risk of  inducible myocardial 
ischemia[47,48]. These studies consistently observed that the 
likelihood of  ischemia in patients with a calcium score 
≤ 100 is negligible, whereas the probability of  inducible 
ischemia in those with a score of  ≥ 400 is relatively high, 
even in oligoasymptomatic patients[49]. 

The presence of  CAC is predictive for future cardio-
vascular events in both asymptomatic diabetic individuals 
and in nondiabetic subjects. However, for every increase 
in CAC, there is a greater increase in the mortality rate 
for diabetic than for nondiabetic subjects[50]. Moreover, 
diabetic patients with low CAC scores (Agatston Score ≤ 
10) had a low prevalence of  inducible myocardial ischemia 
and a low cardiovascular event rate[49,50]. Therefore, assess-
ment of  CAC might be useful in identifying diabetic indi-
viduals with a low risk of  silent myocardial ischemia. Nev-
ertheless, the use of  CAC scoring for risk stratification in 
asymptomatic diabetic patients is not currently endorsed 
by the ADA recommendations[17] since there is insufficient 
evidence of  the long-term benefits of  early diagnosis. 

CAN EARLY DIAGNOSIS OF 
CARDIOVASCULAR DISEASE IMPROVE 
CARDIOVASCULAR OUTCOMES? 
Despite all this evidence, the possible benefits of  early 
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detection of  cardiovascular disease in asymptomatic 
T2DM patients have not been confirmed in randomized 
trials. In the DIAD study, the cardiac event rates were 
not significantly reduced by MPI screening for myocar-
dial ischemia[45]. Additionally, observational studies have 
shown that, on occasions, alterations in the coronary 
arteries of  these patients can become spontaneously re-
versible[51]. Finally, studies comparing intensive medical 
treatment with revascularization procedures showed simi-
lar results[52,53]. Therefore, from a clinical and cost-benefit 
point-of-view, there is not enough evidence at present to 
recommend screening in these patients. 

However, it should be taken into account that these 
studies were conducted in asymptomatic patients diag-
nosed early with cardiovascular disease. Therefore, both 
patient compliance and the intensity of  monitoring by 
the physician were higher than those observed in real 
life, and this fact may have influenced the results. On the 
other hand, the DIAD study found a six-fold increased 
incidence of  cardiac events in patients with moderate to 
large perfusion defects compared to those with a nor-
mal/low-risk scan[45], which supports the hypothesis that 
screening for asymptomatic coronary disease can be use-
ful even though the low prevalence could have influenced 
the statistical power to demonstrate the possible benefits, 
including cost-benefit.

DIAGNOSTIC STRATEGY
In the absence of  categorical scientific evidence to date, 
the sequence of  tests to be performed in high-risk pa-
tients is not established. In this sense, after performing a 
baseline ECG, the availability of  technical and financial 
resources, and experience in each center can play a role 
in choosing the most appropriate diagnostic manage-
ment. Overall, the most common recommendation is to 
start with a resting ECG and then a myocardial perfusion 
imaging by SPECT, although the increasingly widespread 
and cheap use of  multi-detector CT can change this trend 
in the coming years.

CONCLUSION
Systematic screening for cardiovascular disease in asymp-
tomatic patients with T2DM is not recommended since 
there is insufficient evidence at present that the benefits 
of  early detection outweigh the costs and side effects of  
the different diagnostic tests. However, as mentioned pre-
viously, this situation may change in the near future given 
the advances in reliability and efficiency of  the different 
diagnostic tests.

Professionals responsible for the medical care of  
patients with T2DM should focus on optimizing the con-
trol of  cardiovascular risk factors and evaluate, only in se-
lected cases, the need to further investigate the presence 
of  cardiovascular disease.
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Abstract
Diffuse idiopathic skeletal hyperostosis (DISH) is a non-
inflammatory disease characterized by calcification and 
ossification of soft tissues, mainly enthesis and spinal 
ligaments. The clinical presentation primarily includes 
spinal involvement-induced pain and range of motion. 
Although rare, life-threatening gastrointestinal, respi-
ratory or neurological events or severe morbidity due 
to bone compression on the adjacent structures may 
develop. There is a limited amount of data on DISH-
related events in the literature. In recent years, comor-
bid metabolic disorders are of great interest in patients 
with DISH. The early diagnosis of these conditions as 
well as rare entities allows an effective multidisciplinary 
approach for the treatment of DISH. In this article, we 
review extraskeletal symptoms and associated comor-
bidities in patients with DISH.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diffuse idiopathic skeletal hyperostosis; 
Swallowing; Respiratory symptoms; Neurological symp-
toms; Comorbidities

Core tip: Although diffuse idiopathic skeletal hyper-
ostosis (DISH)-related skeletal symptoms are well-

established, limited data on extraskeletal signs and 
comorbidities are available. In this article, we review 
extraskeletal symptoms and associated comorbidities in 
patients with DISH in the light of the literature.

Terzi R. Extraskeletal symptoms and comorbidities of dif-
fuse idiopathic skeletal hyperostosis. World J Clin Cases 
2014; 2(9): 422-425  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i9/422.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i9.422

INTRODUCTION
Diffuse idiopathic skeletal hyperostosis (DISH) is a non-
inflammatory disease characterized by calcification and 
ossification of  soft tissues such as ligaments, tendons 
and fasciae with an unknown etiology[1]. The prevalence 
which increases with age[1] has been reported to be 2.8% 
and 2.6% in men and women aged ≥ 40 years, respec-
tively[2]. The diagnosis is based on the presence of  in-
volvement of  at least four contiguous thoracic vertebral 
segments, preservation of  intervertebral disc spaces, and 
the absence of  apophyseal joint degeneration or sacro-
iliac inflammatory changes[3].

Clinical manifestations of  the disease vary depending 
on the involvement site. It may also present asymptom-
atically. The axial skeleton is the most commonly affected 
site at 70%. Thoracic involvement is the most common 
manifestation of  DISH, while the cervical spine is mini-
mally involved[4,5]. In addition, DISH is not limited to 
axial skeleton involvement. Other anatomical structures 
affected by the disease include the pelvis, patella, calca-
neus bone or olecranon[5]. The majority of  symptoms oc-
curs due to altered biomechanics of  the skeleton, leading 
to pain, stiffness and restricted range of  motion (ROM) 
of  the axial or peripheral joints. Moreover, respiratory, 
gastrointestinal and neurological symptoms may develop 
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due to bone compression of  the adjacent structures[6,7]. 
The incidence of  metabolic disorders, such as metabolic 
syndrome, diabetes and obesity, has been reported to 
be increased in patients with DISH[8]. Therefore, it is of  
the utmost importance that symptoms other than pain 
and limited ROM and comorbidities should be identified 
and a multisystemic therapy should be tailored for each 
patient. In this article, we review extraskeletal symptoms 
and associated comorbidities in patients with DISH.

SWALLOWING AND RESPIRATORY 
SYMPTOMS
Cervical involvement has been reported to be 75% in 
patients with DISH[9]. Cervical osteophytes are usually 
asymptomatic[10]. The swallowing function is primarily af-
fected in cases of  symptomatic manifestations. The size 
and location of  the bone spurs may vary. In the presence 
of  upper cervical spine involvement (C3-4), laryngeal 
functions are mostly affected[11]. However, spasm or ob-
struction of  the esophageal sphincter may occur in the 
presence of  distal involvement[12]. McCaffrey showed that 
there was no relationship between the size of  the bone 
spurs and severity of  the symptoms[13]. Dysphagia is the 
most common complaint in these patients. Dysphagia 
typically results from esophageal compression by the 
osteophytes exerting a mass effect[14], recurrent laryn-
geal nerve injury-related neuropathy[15], and esophageal 
fibrosis and inflammation secondary to osteophyte irrita-
tion[16]. As the incidence of  DISH increases with age, dys-
phagia should be considered particularly in the elderly[17].

Furthermore, tracheal compression of  the giant 
osteophytes may lead to acute or progressive airway ob-
struction. Caminos et al[18] reported a case admitted with 
acute onset respiratory failure and diagnosed with DISH. 
The patient suffered from shortness of  breath in the 
supine position. Cervical lateral X-ray revealed a large 
osteophyte which compressed the trachea. The authors 
concluded that DISH should be kept in mind particularly 
in elderly patients with unexplained respiratory distress[18]. 
In another study, Nelson et al[19] reported three cases 
requiring tracheotomy due to acute airway obstruction. 
Gokce et al[20] also described a case of  DISH with postop-
erative stridor and respiratory distress due to cricoaryte-
noid joint fixation and right vocal cord paresis following 
total knee arthroplasty. Respiratory distress was reported 
to be induced by venous compression, nerve compres-
sion, cricoarytenoid joint fixation, post-cricoid ulceration 
and edema[21].

In a study including 204 patients with DISH between 
1980 and 2009, Verlaan et al[8] reported dysphagia and 
airway obstruction in the study population. However, 
the authors found no relationship between age and the 
degree of  dysphagia or airway obstruction. One or more 
of  the imaging studies including cervical X-ray, barium 
swallow, computed tomography (CT), laryngoscopy and 
magnetic resonance imaging (MRI) were performed.

As DISH is mostly seen in the elderly, endoscopic in-

spection of  the upper gastrointestinal system is critical in 
the differential diagnosis of  malignancies. However, cau-
tion should be exercised during endoscopy with a gentle 
pressure. Otherwise, iatrogenic pharyngoesophageal per-
foration may occur[22]. Non-surgical treatments include 
dietary modification (fluid and soft food intake), anti-
reflux medications, gastroprotectants and percutaneous 
endoscopic gastrostomy tube placement[8]. On the other 
hand, surgical treatment options are anterolateral, lateral 
or transpharyngeal resection of  the ossification. Also, 
spinal decompression, discectomy and spinal fusion are 
additional surgical procedures. There are no statistically 
significant differences in the sex, duration of  symptoms, 
and the number of  affected vertebrae between surgically 
and non-surgically treated patients[8]. However, a higher 
number of  younger patients with severe symptoms were 
primarily operated on. Respiratory and swallowing func-
tions were improved in most patients following surgery[8].

NEUROLOGICAL SYMPTOMS
Neurological symptoms which are rarely seen include 
decreased flexibility of  the spine and narrowed spinal 
canal-related myelopathy due to anterior and posterior 
longitudinal ligament calcification[23]. Myelopathy is often 
associated with narrowing of  the lower cervical vertebral 
canal[23]. Lumbar spinal canal stenosis was also reported 
in the literature[24]. The craniocervical junction is rarely 
involved. It is mainly caused by atlantoaxial dislocation 
or pseudoarthrosis between the spinal process of  the 
axis and the posterior tubercle of  the atlas[25]. In addition, 
there is a case of  DISH with retro-odontoid pseudotu-
mor-induced progressive myelopathy in the literature[26]. 
Retro-odontoid pseudotumors can be defined as lesions 
caused by inflammatory granulation or reactive soft tissue 
hypertrophy from chronic atlantoaxial subluxation. These 
patients may present with post-traumatic neurological 
symptoms[26]. Eser et al[27] described a surgically-treated 
case of  central cord syndrome after a minor trauma. The 
patient had no cervical dislocation or fracture. However, 
MRI demonstrated spinal cord edema and myelomalasic 
segments. Koizumi et al[28] reported another case of  my-
elopathy due to multilevel cervical canal stenosis. Such 
patients may suffer from spinal fractures and neurological 
deficit after a minor trauma. These fractures can be easily 
overlooked since they progress to a neurological deficit 
over time with a limited initial clinical presentation. This 
can be attributed to the fact that the mortality rate of  
DISH patients with spinal fractures has been reported 
to be nearly 20%[29]. Vengust et al[30] reported a case of  
DISH in whom post-trauma fracture dislocation devel-
oped at the third and fourth cervical vertebrae. Respira-
tory failure was triggered by vocal cord paralysis due to 
laryngeal nerve entrapment at six months[30].

In addition to neurological complications, the inci-
dence of  stroke was reported to be increased in patients 
with DISH[31]. In a study including a total of  90 patients, 
45 with DISH and 45 with cervical spondylosis, MRI 
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revealed a higher incidence of  infarction in patients with 
DISH. Magnetic resonance angiography also showed a 
higher incidence of  major cerebral artery stenosis and oc-
clusion in these patients. Based on these data, the authors 
concluded that patients with DISH had an increased risk 
for stroke as well[31]. In another report, a 53-year-old case 
with DISH was admitted with motor and sensory poly-
neuropathy[32]. It was associated with the metabolic distur-
bance in this patient population. Moreover, another case 
with DISH presenting with thoracic outlet syndrome-
associated findings is available in the literature[33].

MISCELLANEOUS SYMPTOMS
Other symptoms of  DISH include dysphonia, weight 
loss, odynophagia, reflux disease, snoring, aphonia, chok-
ing, pharyngeal perforation, difficult intubation and aspi-
ration pneumonia[8].

DIFFUSE IDIOPATHIC SKELETAL HY-
PEROSTOSIS-ASSOCIATED METABOLIC 
COMORBIDITIES
The relationship between DISH and metabolic status has 
been shown. The incidence of  DISH is higher in patients 
with diabetes, hypertension, hyperlipidemia, hyperinsu-
linemia, metabolic syndrome or obesity[34]. Vezyroglo et 
al[35] determined that metabolic abnormalities occurred 
in 70% of  patients diagnosed with DISH and 45% in 
the control group. Hyperlipidemia and hyperuricemia 
associated with diabetes have been found frequently in 
patients diagnosed with DISH. Combined metabolic 
features of  diabetes mellitus and dyslipidemia, diabetes 
mellitus and hyperuricemia, or diabetes mellitus and dys-
lipidemia and hyperuricemia were shown to be the main 
risk factor for DISH[35]. Mader[35] reported that patients 
diagnosed with DISH have a higher metabolic syndrome 
rate than the control group. Eckertova et al[36] reported 
that non-esterified fatty acids, insulinogenic index and 
insulin/C-peptide ratio decrease in patients diagnosed 
with nondiabetic  DISH. These patients have identified 
impaired pancreatic beta-cell stimulation and increased 
hepatic insulin extraction. Eckertova et al[36] suggested 
that if  these conditions persist for a long time, it might 
lead to a decreased ability of  insulin to maintain a normal 
serum glucose level and consequently to insulin resistance 
which is highly prevalent in symptomatic DISH patients.

DIFFUSE IDIOPATHIC SKELETAL HYPER-
OSTOSIS-ASSOCIATED CARDIOVASCU-
LAR COMORBIDITIES
It has been reported that hypertension, atrial fibrilla-
tion, left ventricular hypertrophy and peripheral arterial 
disease increased[10,37,38] in patients diagnosed with DISH. 
Mader et al[16] reported that the 10 year coronary heart 

disease risk of  patients with DISH is significantly higher 
than the control group. Zincarell et al[39] suggest that 
DISH prevalence was found to be 30.3% in patients with 
severe cardiovascular disease. A lot of  studies reported 
that DISH carries a risk for stroke and cerebrovascular 
diseases.
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Abstract
Endoscopic retrograde cholangiopancreatography 
(ERCP) is an endoscopic procedure with high frequency 
of accidental symptoms, and particularly some patients 
who develop and aggravate pancreatitis due to the pro-
cedure may need treatment of surgery or die. Various 
attempts were performed so far to prevent post-ERCP 
pancreatitis, however, it is impossible to completely 
prevent pancreatitis at this time because there are vari-
ous factors for occurrence of post-ERCP pancreatitis. 
One of the most frequent causes of post-ERCP pancre-
atitis is considered to be congestion of pancreatic juice 
associated with duodenal papilledema after examina-
tion or treatment. Recently it is often reported that use 
of a pancreatic duct stent may prevent occurrence of 
pancreatitis which occurs because of an increased inner 
pressure of the pancreatic duct caused by congestion 
of pancreatic juice associated with duodenal papill-
edema. However, there are some patients who develop 
pancreatitis even if treated with the pancreatic duct 
stent, thus further clarification of the pathology and ad-
vancement of the prophylactic method will be needed. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic retrograde cholangiopancrea-

tography; Post-endoscopic retrograde cholangiopan-
creatography pancreatitis; Pancreatic duct stent; Pan-
creatic stenting

Core tip: There are some patients who can avoid occur-
rence of post-endoscopic retrograde cholangiopancrea-
tography pancreatitis (ERCP) pancreatitis by pancreatic 
duct stenting. However, it is impossible to prevent all 
post-ERCP pancreatitides by pancreatic duct stenting, 
and further examination will be needed. 
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography 
(ERCP) plays a very important role in diagnosis and 
treatment for pancreatic and biliary tract diseases. Post-
ERCP pancreatitis is the early accidental symptom which 
occurs most frequently after ERCP. Although its frequen-
cy differs depending on the treated patients, procedure 
performed, definition of  pancreatitis, or the investigation 
method, it is generally reported to occur in about 4.5% 
of  treated patients based on the results of  the large scale 
prospective studies[1-7] (Table 1). Although many cases of  
post-ERCP pancreatitis are alleviated by admission and 
treatment for a few days, some are aggravated, and about 
0.04% need surgery and about 0.03% die[1,2,4,5]. Prophy-
laxis of  post-ERCP pancreatitis is the great task which 
has not been resolved yet since introduction of  ERCP, 
and various attempts have been performed. As one of  
such attempts, pancreatic duct stent is used to prevent 
occurrence of  pancreatitis caused by duodenal papillede-
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ma due to the procedure, and its usefulness is frequently 
reported. In this article, we will describe the usefulness 
and problems of  pancreatic duct stenting aiming at pro-
phylaxis of  post-ERCP pancreatitis. 

PATHOGENIC MECHANISM OF POST-
ERCP PANCREATITIS
Post-ERCP pancreatitis is considered to occur due to 
various factors. The factors are broadly classified into 
five categories: (1) Increased inner pressure of  the pan-
creatic duct by congestion of  pancreatic juice caused by 
postoperative papilledema; (2) Mechanical irritation such 
as damaged pancreatic duct due to deep insertion of  
the catheter into the pancreatic duct or insertion of  the 
device such as the guidewire; (3) Hydrostatic injury such 
as increased inner pressure of  the pancreatic duct due to 
frequent pancreatography, manometry, or reflux water of  
pancreatoscopy; (4) Chemical injury due to infusion of  
the contrast medium or intestinal juice into the pancreatic 
duct; and (5) Thermal injury due to papilledema by radio-
frequency radiation or thermal damages of  the pancreas 
itself. Among them, one of  the most frequent causes may 
be congestion of  pancreatic juice associated with pap-
illedema after examination or treatment[1,4,8]. There is a 
mechanism that congestion of  pancreatic juice increases 
viscosity of  pancreatic juice, aggravates obstruction of  
discharge of  pancreatic juice, decreases the outflow of  
pancreatic juice into the small intestine, and promotes se-

cretion of  pancreatic juice from the pancreatic acinar cell 
through increased cholecystokinin production. Through 
these processes, congestion of  pancreatic juice is further 
aggravated, and eventually brings about activation of  
trypsinogen into trypsin within the acinar cell, and devel-
ops pancreatitis[8].  

REPORT ON PANCREATIC DUCT 
STENTING TO PREVENT POST-ERCP 
PANCREATITIS
Although the pathogenic mechanism of  post-ERCP 
pancreatitis has not been sufficiently clarified, various 
factors may be involved[1-6]. One of  the pathogenic mech-
anisms of  post-ERCP pancreatitis includes obstruction 
of  discharge of  pancreatic juice caused by papilledema 
or spasm of  the sphincter of  Oddi associated with the 
procedure. In order to regulate the passage of  pancre-
atic juice for prophylaxis of  post-ERCP pancreatitis, 
the pancreatic duct stent is used (Figure 1). Past articles 
comparing the pancreatic duct stenting group and non-
pancreatic duct stenting group for prophylaxis of  post-
ERCP pancreatitis are shown[8-26] (Table 2). Review by 
RCT revealed that five of  eight articles describe that 
post-ERCP pancreatitis occurred less in the stenting 
group with significant difference. Of  other eleven ar-
ticles, five articles describe that post-ERCP pancreatitis 
occurred less in the stenting group with significant differ-
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ence. In seven articles of  nine articles without significant 
difference, incidence of  pancreatitis tends to be low in 
the pancreatic duct stenting group, thus pancreatic duct 
stenting is considered useful for prophylaxis of  post-ER-
CP pancreatitis. Interestingly, as reported by Tsuchiya et 
al[18], even if  p-value of  incidence of  pancreatitis does not 
reach the value with significant difference, amylase value 
has become significantly low after ERCP in the stenting 
group. According to the review by Tsuchiya et al[18], there 
were significantly less patients with abdominal pain in the 
stenting group, and there were no serious patients, which 
may be the effect of  stenting. In addition, in the review 
of  Sakai et al[23], incidence of  abdominal pain and post-
operative amylase value are significantly low in the pan-
creatic duct stenting group, which is validly thought to be 
the effect of  the pancreatic duct stent, taking into con-
sideration that the background factors of  both groups do 
not vary. 

INDICATION AND PROBLEMS OF 
PROPHYLACTIC PANCREATIC DUCT 
STENT
The risk factors of  post-ERCP pancreatitis include young 
female, history of  post-ERCP pancreatitis, recurrent 
pancreatitis, sphincter of  Oddi dysfunction (SOD), and 
uncomplicated chronic pancreatitis as patient factors, 
and difficulty in insertion into the biliary duct, pancrea-
tography, incision of  the opening of  the pancreatic duct, 
endoscopic papillary balloon dilation, and precut papil-
lotomy as procedure factors[1-6] . However, it is hard to 
say it necessary to perform pancreatic duct stenting for 
all these patients, and it is necessary to select candidate 
patients for pancreatic duct stenting. Since pancreatic 
duct stenting regulates the passage of  pancreatic juice, 
occurrence of  occlusive pancreatitis is expected to be 
prevented. The procedure to indicate pancreatic duct 
stenting based on the past reports or theoretical thought 
includes: (1) Pancreatic duct guidewire-indwelling method 
or implementation of  precut papillotomy from the open-
ing of  the pancreatic duct in patients with difficulty in 
insertion into the biliary duct, which may lead to papill-

edema[20,22,23,25]; (2) After endoscopic removal of  duodenal 
papilla[17]; (3) Endoscopic sphincterotomy for SOD [13]; (4) 
Invasive procedure against pancreas such as the cytologi-
cal diagnosis of  pancreatic juice or biopsy of  the pancre-
atic duct; and (5) Indwelling of  the thick biliary duct stent 
instead of  endoscopic sphincterotomy. 

As for whether it is necessary to indwell the pancre-
atic duct stent in young females who are identified as the 
risk factor of  post-ERCP pancreatitis or in patients with 
history of  post-ERCP pancreatitis when there is no er-
roneous pancreatography or erroneous insertion of  the 
guidewire, currently there is no clear evidence. Prophylax-
is of  pancreatitis by pancreatic duct stenting is frequently 
reported for patients with difficulty in insertion into the 
biliary duct. According to the past report, pancreatic duct 
stenting leads to less incidence of  pancreatitis[20,22,23,25], 
which is a good indication when considering to regulate 
the passage of  pancreatic juice. However, discussion will 
be needed as to indication of  pancreatic duct stenting in 
patients with difficulty in insertion into the biliary duct. 
It may be possible to perform pancreatic duct stenting in 
the comparatively stable situation in patients who under-
went erroneous pancreatography or erroneous insertion 
of  the guidewire into the pancreatic duct or in patients 
who underwent pancreatic duct guidewire-indwelling 
method which is the procedure performed by indwelling 
the guidewire in the pancreatic duct of  patients with dif-
ficulty in inserting into the biliary duct. However, there 
remain patients with difficulty in pancreatic duct stenting. 
We give an example that in the case of  patients who un-
derwent pancreatography and had difficulty in advancing 
the guidewire caudally due to flexion or stenosis of  the 
pancreatic duct or patients with difficulty in cannulation 
both into the biliary duct and pancreatic duct, although 
insertion into the biliary duct has become possible 
through precut papillotomy, it is still difficult to identify 
the opening of  the pancreatic duct. If  approach to the 
pancreatic duct in such patients for pancreatic duct stent-
ing is attempted and failed, a possibility to induce or ag-
gravate pancreatitis becomes high. Thus, discussion may 
be still needed as to timing or subjects or implementation 
judgment of  pancreatic duct stenting in the patients with 
difficulty in insertion into the biliary duct. 

What stent should be used is examined. Currently, 
there is no definite information regarding material qual-
ity, diameter, length, or shape of  the stent. The stent is 
used only for drainage of  the papillary edge, thus it is not 
always necessary to use a long stent, and those 3-4 cm in 
length are often used[18-26]. The stent with the flap in one 
duodenal side having no flap within the pancreatic duct 
(Figure 2) or one with the pig tail in the duodenal side 
having no flap within the pancreatic duct is expected to 
be spontaneously dislodged later after being indwelled. 
The stent with the flap in the pancreatic duct side is un-
likely to deviate or be aberrant after stenting, however, it 
is necessary to perform endoscopy for removal several 
days later (Figure 3). Although currently it is difficult to 
set the strict term, if  the pancreatic duct spontaneous dis-
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Table 1  Frequency of post-endoscopic retrograde 
cholangiopancreatography pancreatitis n (%)

Ref. No. of 
patients

Post-ERCP 
pancreatitis

Surgery Death

Freeman et al[1], 1996 2347 127 (5.4) 3 1
Loperfido et al[2], 1998 2769   36 (1.3) 2 1
Masci et al[3], 2001 2444   44 (1.8) - 0
Freeman et al[4],2001 1963 131 (6.7) 1 1
Cheng et al[5], 2006 1115 168 (15.1) - 1
Wang et al[6], 2009 2691 116 (4.3) 0 0
Sakai et al[7], 2013 720   14 (1.9) 0 0
Total 14049 636 (4.5) 6 (0.04) 4 (0.03)

ERCP: Endoscopic retrograde cholangiopancreatography pancreatitis.
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lodgement stent indwelled is not spontaneously dislodged 
for a long time after stenting, there is a possibility that the 
stent is aberrant within the pancreatic duct, or pancre-
atitis occurs due to stent occlusion. Therefore, it should 
be endoscopically removed similarly to the pancreatic 
duct stent with the flap within in the pancreatic duct. It 
is important that the stent fits the shape of  the pancre-
atic duct, and in the case of  Z-shape pancreatic duct it 
is better to perform stenting beyond flexion depending 
on the case, and a long stent 7cm or greater is used in 
some cases. However, the longer stent tends to straddle 
the flexed portion of  the pancreatic duct at the pancreas 
head, thus the stent made of  the flexible material with 
high tracking ability is needed. The shorter spontaneous 
dislodgement stent less than 3cm may be dislodged after 
the procedure, thus attention should be paid. As for stent 
diameter, although the thicker stent gives impression of  
excellent drainage efficiency, to the contrary, such a stent 

blocks the thinner branches of  the pancreatic duct caus-
ing pancreatitis, or it is suggested that the stent itself  may 
give mechanical irritation to the pancreatic duct[27]. For 
the thin stent with a diameter of  3Fr. or 4Fr., 0.018-0.025 
inch guidewires are available[27]. Therefore, the guidewire 
has no resilience in inserting the pancreatic duct stent, 
and its insertion is difficult in some cases. Hereinafter 
multi-center RCTs on what pancreatic duct stent should 
be used is expected to be performed. 

Furthermore, there is a problem that pancreatic duct 
stent should be inserted into what patients by doctors 
with what experience. Most of  reports so far are per-
formed in the expert centers, and even in such facilities, 
failure rate of  insertion of  the pancreatic duct stent is 
reported to be 5%-10%[9,13,28]. Freeman reported that 
failure of  insertion of  the pancreatic duct stent is very 
dangerous, and two thirds of  patients develop moder-
ate to severe pancreatitis[29]. Thus, Fazel et al[15] described 
that insertion of  the pancreatic duct stent for prophylaxis 
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Table 2  Pathogenic frequency of post-endoscopic retrograde cholangiopancreatography pancreatitis in the pancreatic duct stenting 
group and the non-pancreatic duct stenting group

Ref. No. of patients Study design No-stent (%) Stent group (%) P -value

Smithline et al[8], 1993 93 RCT 18 14 0.299
Tarnasky et al[9], 1998 80 RCT 26 7 0.03
Elton et al[10], 1998 194 Retrospective c.c. 12.5 0.7 < 0.003
Vandervoot et al[11], 1999 42 Prospective c.c. 28.1 0 0.08
Aizawa et al[12], 2001 40 Retrospective c.c. 6 0 0.11
Fogel et al[13], 2002 436 Retrospective c.c. 28.2 13.5 < 0.05
Norton et al[14], 2002 28 Retrospective c.c. 11.1 20 > 0.05
Fazel et al[15], 2002 76 RCT 28 5 < 0.05
Freeman et al[16], 2004 225 Prospective c.c. 66.7 14.4 0.06
Catalano et al[17], 2004 103 Retrospective c.c. 16.7 3.3 0.1
Tsuchiya et al[18], 2007 64 RCT 12.5 3.1 > 0.05
Sofuni et al[19], 2007 201 RCT 13.6 3.2 0.019
Ito et al[20], 2008 113 Retrospective c.c. 22 4.7 0.01
Harada et al[21], 2010 121 Retrospective c.c. 5.2 12.7 0.21
Ito et al[22], 2010 70 RCT 23 2.9 0.0096
Sakai et al[23], 2011 55 Retrospective c.c. 25 0 0.03
Sofuni et al[24], 2011 425 RCT 14.6 9.4 0.076
Sakai et al[25], 2011 198 Retrospective c.c. 11.1 3 0.049
Kawaguchi et al[26], 2012 120 RCT 13.3 1.7 0.03

RCT: Randomized controlled trial; C.C.: Case controlled study; ERCP: Endoscopic retrograde cholangiopancreatography pancreatitis.

Figure 2  Pancreatic duct stent with the flap in one duodenal side having 
no flap within the pancreatic duct (Pancreatic duct stent: Geenen®-COOK): 
Spontaneous dislodgement type.

Figure 3  Pancreatic duct stent with the flap in the pancreatic duct side 
(Pancreatic duct stent Zimmon®-COOK).
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of  post-ERCP pancreatitis should not be performed by 
doctors with less experience. Since pancreatitis, when be-
ing aggravated, may lead to fatal subsequence, pancreatic 
duct stenting should be performed by doctors with suf-
ficient experience, and even the doctors with sufficient 
experience should perform with sufficient attention for 
stenting. 

CONCLUSION
In order to prevent post-ERCP pancreatitis, pancreatic 
duct stenting is considered useful. However, there are 
patients who fail to prevent post-ERCP pancreatitis. De-
velopment of  complete prophylactic methods of  post-
ERCP pancreatitis is expected in the future.
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Abstract
For patients with metastatic or locally advanced eye-
lid and periocular carcinoma not amenable to surgical 
excision, targeted therapies have shown efficacy with 
better tolerability compared to cytotoxic chemotherapy. 
Overexpression of epithelial growth factor receptor was 
found in squamous cell carcinomas. Vismodegib tar-
gets the mutation in the hedgehog pathway identified 
in basal cell carcinoma and basal cell nevus syndrome. 
Targeted therapies provide a novel and potentially ef-
fective treatment alternative for patients with eyelid 
carcinoma not amendable for surgery, including those 
with metastatic, locally advanced disease, advanced 
age, and significant comorbidities. High cost, need for 
long-term treatment, and toxicity are relative limita-
tions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Vismodegib; Periocular basal cell carcino-

ma; Sonic hedgehog; Epithelial growth factor receptor 
inhibition; Periocular squamous cell carcinoma

Core tip: Targeted therapies provide a novel and poten-
tially effective treatment alternative for patients with 
eyelid carcinoma not amendable for surgery, including 
those with metastatic, locally advanced disease, ad-
vanced age, and significant comorbidities. High cost, 
need for long-term treatment, and toxicity are relative 
limitations.
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INTRODUCTION
Eyelid malignancies have been reported with yearly inci-
dence as high as 15.7 cases per 100000 individuals in the 
United States[1]. The most common type of  eyelid carci-
noma is basal cell carcinoma (BCC), accounting for 86% 
to 96% of  all cases, followed by squamous cell carcinoma 
(SCC), 3.4% to 12.6%, sebaceous carcinoma (SebCa), 
0.6% to 10.2%, and melanoma, less than 1%[1-3]. Distant 
metastasis from eyelid carcinoma is not common, report-
ed in up to 6% of  squamous cell carcinoma[4]. Further-
more, the integrity of  the eyelids are essential for protec-
tion and function of  the globe making locally advanced 
disease difficult if  not impossible to resect completely 
without disruption of  globe function.

Traditional cytotoxic chemotherapy for treatment of  
metastatic or unresectable disease targets all rapidly divid-
ing cells, whether cancerous or not. This results in an un-
favorable toxicity profile. With the discovery of  the com-
mon mutations in BCC and SCC, drug therapies targeted 
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against these mutations can potentially block only the 
growth of  cancer cells and thus lead to less wide spread 
toxicity. In addition, many of  these targeted therapies are 
administered orally rather than by the intravenous route. 
The ease of  administration and lower toxicity generates 
momentous interest in these new classes of  drugs. 

EGFR INHIBITION IN SQUAMOUS CELL 
CARCINOMA
Epithelial growth factor receptor (EGFR), also known as 
HER-1 or ErbB-1, is a transmembrane protein with an 
extracellular receptor domain for multiple ligands, includ-
ing EGF, TGF-alpha and epiregulin, and an intracellular 
kinase domain with tyrosine autophosphorylation site[5]. 
Upon activation, the EGFR forms homodimer with 
another EGFR or heterodimer with another ErbB fam-
ily receptor. Multiple pathways can be activated by these 
dimer formations, including RAS/RAF/MEK/MAPK, 
PI3K/AKT and STAT. The resultant effect of  EGFR 
activation in both normal and malignant human skin is 
severe epidermal disorganization and invasion[6].

Squamous cell carcinoma has been shown to have 
overexpression of  EGFR. In a series of  13 metastatic 
SCC of  the skin, all showed strong expression of  EGFR 
whereas normal skin close to the tumor had weak EGFR 
expression that was limited to the basal layer of  the 
epidermis[7]. EGFR overexpression has been found in 
up to 78% (25 of  32) of  cutaneous SCC cells and 62% 
(13 of  21) of  actinic keratoses (AKs)[8]. In conjunctival 
SCC, EGFR had either moderate or strong expression 
of  EGFR on all (5 out of  5) epithelial cell of  conjunc-
tiva[9]. Furthermore, EGFR numerical aberration was 
found 77% (27 out of  35) SCC and 52% (13 out of  25) 
of  AKs[8]. Analysis of  3 lymph nodes of  metastatic SCC 
all showed amplification of  7p12-13, location of  EGFR 
gene[10]. 

EGFR expression level is also shown to be associated 
with metastasis in 45 cases of  head and neck SCC[11]. In 
25 cases without metastasis, only 9 (36%) showed strong 
expression for EGFR, compared to 11 of  14 cases (79%) 
with metastasis[11].

EFFICACY OF EGFR INHIBITORS
Cetuximab (C225, Erbitux) is a chimeric mouse-human 
IgG1 monoclonal antibody that primarily competitively 
inhibits EGF binding at the same affinity as the natural 
ligand[12]. It was approved for use by the Food and Drug 
Administration (FDA) on March 1, 2006 for locally or 
regionally advanced head and neck cancer SCC (HN-
SCC) in combination with radiation therapy or as single 
agent for recurrent or metastatic HNSCC after failing 
platinum-based therapy. It was the first EGFR inhibitor 
studied in clinical trials and to be approved by FDA. In 
vivo study with A431 model epidermoid carcinoma cells 
had shown that even in the presence of  EGF, cetuximab 

completely inhibits the activation of  EGFR[13]. It is also 
able to induce dimerization of  EGFR and down regula-
tion and further activation by ligands[14]. In a phase 2 
study of  36 patients with unresectable (locally advanced 
or metastatic) SCC of  the skin with confirmed strong or 
moderate expression of  EGFR in the primary tumor, the 
overall tumor response rate was 69% (95%CI: 52%-84%) 
base on intent-to-treat and 81% (95%CI: 63%-93%) base 
on actual treatment received[15]. Cetuximab was given as 
an intravenous infusion at 400 mg/m2 dose followed by 
weekly 1-hour infusion at a dose of  250 mg/m2. The 
median number of  infusion received during the 48-week 
study was 15 (range 1 to 47 infusions)[15]. There is cur-
rently no published study on the effect of  cetuximab 
compared to or in combination with standard cytotoxic 
chemotherapy. However, in a study of  424 head and neck 
squamous cell carcinoma (HNSCC) randomized to high 
dose radiation with or without cetuximab has shown 
superior median survival (54 mo vs 28 mo) with the addi-
tion of  cetuximab[16].

Gefitinib (ZD1839, Iressa) was the first orally ad-
ministered EGFR inhibitor shown to selectively inhibit 
EGFR tyrosine kinase activity through blockage of  au-
tophosphorylation[17]. Gefitinib was approved in 2003 as 
monotherapy for non-small cell lung cancer (NSCLC), 
but the approval was amended to only in patients who 
had previously benefited from the drug due to lack of  
survival benefit especially when compared to erlotinib. 
In vitro incubation of  gefitinib with EGF and cutaneous 
SCC cells showed a dose-dependent reduction in EGFR 
and MAPK phosphorylation between IC50 of  0.02 and 
0.2 μm[18]. In 22 patients with locally aggressive or recur-
rent cutaneous SCC, neoadjuvant use of  gefitinib 250 mg 
per day showed overall response rate of  45.5% (95%CI: 
24.4%-67.8%) and 2-year overall survival of  72.1% 
(95%CI: 55.4%-93.9%)[19]. Of  the 4 patients who showed 
complete response in this study, all were alive and were 
disease free at last follow-up[19]. In addition, 3 of  these 4 
patients with complete response showed pathologic com-
plete response with no evidence of  SCC in their resected 
surgical tissue[19]. There is currently only 1 case report 
of  use of  gefitinib as primary treatment for metastatic 
cutaneous SCC of  the foot showed maintained clinical 
response for 30 mo and an additional 12 mo with the ad-
dition of  sirolimus[20].

Erlotinib (OSI-744, Tarceva) is similar to gefitinib in 
that it inhibits EGFR activity through reduction of  au-
tophosphorylation causing cell cycle arrest at G1 phase; 
however, it does this through competitive inhibition with 
ATP[21]. FDA first approved its use on November 18, 
2004, for treatment of  patients with locally advanced 
or metastatic NSCLC after failure of  at lease one prior 
chemotherapy regimen. It was later approved for use in 
locally advanced or metastatic pancreatic carcinoma in 
combination with gemcitabine and most recently as first-
line therapy for metastatic NSCLC in the presence of  
EGFR mutation. To our knowledge the use of  erlotinib 
in cutaneous SCC has only been investigated in one phase 
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1 study of  erlotinib plus radiation therapy after surgical 
resection. The 2-year overall survival was 65% with me-
dian time to recurrence of  10.5mo (range 1 to 14 mo) in 
the 15 Stage III cutaneous SCC patients included in this 
study[22]. Palliative treatment of  metastatic cutaneous SCC 
with erlotinib has been reported in multiple case reports 
with initial tumor response[23-25]. In phase 2 studies of  
locally advanced HNSCC, the addition of  erlotinib to 
cisplatin and 70Gy of  radiation showed improved clinical 
response rate, 52% compared to 40%, however, this was 
not statistically significant, P = 0.08[26].

USE OF EGFR INHIBITORS FOR ORBITAL 
AND PERIORBITAL SCC
EGFR expression has been shown in 5 patients with con-
junctival SCC as moderate or strongly expressed in both 
in situ and invasive components of  SCC[9]. In contrast, 
study of  periocular sebaceous carcinoma showed lower 
intensity of  EGFR expression with only 2 (11%) of  19 
patients showing 3+ intensity of  staining[27].

Our group has also reported good clinical and ra-
diological tumor response to EGFR inhibitors in three 
patients who presented with locally advanced cutaneous 
SCC of  the periocular skin with orbital extension[25, 28]. 
Two of  the three patients were treated with cetuximab at 
the standard dosage of  400 mg/m2 followed by 250 mg/
m2 weekly and the third was treated with erlotinib 150 mg 
daily. One of  the patients treated with cetuximab had in-
volvement in the cavernous sinus, Meckel’s cave, trigemi-
nal tract and infraorbital nerve and showed improvement 
in motility and sensation after 4 weeks of  treatment. This 
patient’s tumor was also analyzed for 182 cancer-related 
genes and found to have EGFR P753S mutation along 
with CDKN2A mutation, MYC amplication and TP53 
mutation[28].

SIDE EFFECTS OF EGFR INHIBITORS
The most common side effect of  EGFR inhibitors is 
skin toxicity in the form of  an acne-like rash, papular 
and/or pustular follicular eruption, in 32% to 78% of  
patient with a median time to onset of  14 d[7, 19]. Interest-
ingly, the presence rash as a side effect during treatment 
was significantly correlated with higher overall response 
rate, median overall survival and progression-free sur-
vival in patients treated with erlotinib for NSCLC[29]. 
The lower incidence of  acne-like rash with gefitinib is 
believed to be due to its attenuation instead of  complete 
blockage of  EGFR tyrosine kinase. Instead, toxicity from 
gefitinib is most commonly diarrhea and fatigue before 
rash[19]. Erlotinib is also associated with mucositis (87%), 
esophagitis (40%)[22], and ocular side effects including tri-
chomegaly leading to corneal ulceration[30], conjunctivitis 
and ectropion[31]. Discontinuation of  EGFR inhibitors 
due to toxicity varied from 9% with gefitinib[19], 11% in 
cetuximab[7], and 13% in erlotinib[22].

COST OF EGFR INHIBITORS
Cetuximab costs from $2.94 per milligram in Switzerland 
to $6.73 per milligram in the United States[32]. At the dos-
age used in the phase 2 clinical trials, the cost would be 
approximately $28000/m2 or for an average white male 
the cost of  the course of  cetuximab would be approxi-
mately $37500. Cetuximab is approved in Europe and 
Asia, specifically Japan, and available in central and south 
America as well. In comparison, Iressa costs on average 
$79 per 250 mg tablet[33] and Tarceva cost on average $100 
per 150 mg tablet[34], or cost of  $2370 and $3000 per 
month, respectively. Iressa and Tarceva are both available 
in Europe and Asia in addition to the United States.

PTCH1 GENE AND BASAL CELL 
CARCINOMA
Basal cell carcinoma (BCC) has been linked to disrup-
tion in the Hedgehog (Hh) signaling cascade, a pathway 
important during embryogenesis but normally inactive 
in the adult[35, 36]. Patched-1 (Ptch-1) is a transmembrane 
receptor that normally has inhibitory effects on down-
stream receptor Smoothened (Smo)[37]. When Ptch-1 is 
activated, upon binding by Hh protein, the constitutive 
inhibition on Smo is reversed and produces angiogenesis 
and cellular proliferation in tumorigenesis[38]. Specifically, 
expression of  the downstream product GLI1 in basal 
cells is proposed to induce formation of  BCC[39]. Muta-
tions both in PTCH-1 and Smo have been identified in 
basal cell nevus syndrome and sporadic basal cell carcino-
mas[35,36,40,41]. Additionally, continued signaling of  the Hh 
pathway is needed for sustained growth of  established 
BCCs in the mouse model[42]. 

INHIBITION OF HEDGEHOG PATHWAY IN 
BCC
Vismodegib (GDC-0449, Erivedge) is a first-in-class 
small molecule oral Hh signaling pathway inhibitor ap-
proved January 2012 for the treatment of  locally ad-
vanced or metastatic BCC. Vismodegib directly binds to 
and inhibits Smo[43]. Vismodegib’s inhibition at this point 
in the cascade prevents formation of  GLI1 and there-
fore targets BCCs related to both constitutively activated 
Smo mutations and mutations in the upstream PTCH-1. 
Hedgehog gene expression was reduced by 90% at 1 
month after vismodegib treatment in in vivo studies[44]. 
Biopsy samples from patients treated with vismodegib 
showed decrease in GLI1 expression by more than two 
folds after treatment compared to baseline[45].

At a dose of  150mg daily, vismodegib has shown 
no dose-limiting toxicities in Phase 1 trials[43,45,46]. Initial 
Phase I trial of  68 patients with advanced BCC and me-
dulloblastoma compared doses of  150 mg/d to 270 mg/
d and 540 mg/d and demonstrated no increase in steady 
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state plasma concentrations associated with vismodegib 
efficacy with higher doses[43,45]. In the cohort of  patients 
from the phase I trial, overall response was shown in 
18/33 patients (55%) with locally advanced or metastatic 
BCC, 2/18 demonstrating complete response and 16/18 
demonstrating partial response[45]. 

A phase 2 trial of  33 patients with metastatic BCC 
and 63 patients with locally advanced BCC also showed 
tumor response when given 150 mg of  vismodegib daily 
for a mean duration of  10 mo[47]. Investigators found a 
30% objective response rate in the group with metastatic 
basal-cell carcinoma as defined by a decrease of  30% or 
more in the dimension or complete resolution of  ulcer-
ation. The overall objective response rate in the group 
with locally advanced BCC was 43% with 21% of  these 
patients demonstrating a complete response. By indepen-
dent review, none of  patients in the metastatic cohort 
had complete response, 10 (30%) patients had partial 
response and disease progression was noted in 1 (3%) 
patient with metastatic disease. 

Vismodegib has also demonstrated promise in treat-
ment of  basal-cell nevus syndrome. Tang et al[44] dem-
onstrated reduction of  existing BCC tumor burden and 
prevention of  new BCC in patients with basal-cell nevus 
syndrome. The vismodegib treatment group had a per-
patient average rate of  2 per year while the placebo group 
had a rate of  29 per patient per year. The investigators 
also found a greater decrease (-65%) in the size of  ex-
isting basal cell carcinomas in the vismodegib group 
compared to the placebo group (-11%). There was no 
progression of  tumors in the treatment group during vis-
modegib administration and no signs of  resistance to the 
drug during the study. The response was so significant in 
the treatment arm that the DSMB (Data Safety Monitor-
ing Board) discontinued the study after the first interim 
analysis. Biopsies sampled from sites of  flat-appearing, 
clinically-regressed basal cell lesions showed residual tu-
mor in 1/6 samples (17%)[44]. Although discontinuation 
of  vismodegib led to expected return of  BCC at original 
sites, significant decrease in the incidence of  new surgi-

cally eligible BCCs was noted even after cessation for sev-
eral mo; 0.69 new lesions per month in the treated group 
compared to 2.4 per month in the placebo group. 

VISMODEGIB FOR ADVANCED 
PERIOCULAR BCC
The use of  vismodegib specifically for periocular BCC 
was first reported in a review by Yin et al [48] in which 
some of  the patients treated with vismodegib in our 
practice at MD Anderson Cancer Center were high-
lighted. In this report, a 30-year-old male patient with 
advanced basal cell nevus syndrome and numerous large 
BCCs throughout his periocular and facial region includ-
ing all four eyelids, experienced near complete resolution 
of  his periocular lesions after 16 wk of  treatment with 
durable response during the more than 2 years of  follow-
up. Subsequently Gill et al[49] highlighted the results of  
vismodegib in 7 patients with advanced periocular or or-
bital BCC for a mean duration of  11 wk. With the study’s 
mean follow-up duration of  7.3 mo, two out of  seven pa-
tients (29%) had complete regression, 2 out of  7 patients 
(29%) had partial clinical regression greater than 80%, 
and 2 out of  7 patients had partial clinical regression less 
than 35%, and 1 patient progressed. 

The histologic effects of  vismodegib on a single case 
of  periocular BCC was demonstrated by Kahana et al[50] 
in a patient with recurrent orbital BCC. After 5 mo of  
vismodegib, the patient opted for surgical excision due to 
drug side effects. The surgical specimen showed lack of  
Ki-67 expression, a marker for proliferation, and mitotic 
index < 1%.

The use of  vismodegib in the periocular region can 
yield impressive responses in patients with locally ad-
vanced disease that would otherwise need major disfigur-
ing surgery such as orbital exenteration or would experi-
ence loss of  major parts of  their face during surgical 
resection. An example of  impressive response in a recent 
such patient in our practice is shown in Figure 1. 
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Figure 1  A 55 year-old man with locally advanced neglected basal cell carcinoma. A-B: The lesion involves the left lateral canthus, upper and lower eyelids, left 
temple and midface; C: After 29 wk of vismodegib 150 mg daily, there is significant resolution of clinically visible tumor. The only surgical intervention that the patient 
had undergone at this point was reconstructive surgery to repair the left lower lid cicatricial ectropion via a lateral tarsal strip procedure, a lateral tarsorrhaphy and full-
thickness skin graft.
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SIDE EFFECTS OF VISMODEGIB
Adverse reactions to vismodegib of  any grade are report-
ed in 86% to 100% of  patients during treatment[46,47,49]. 
The most common adverse events associated with vis-
modegib use are mild to moderate nausea, alopecia, dys-
geusia, anorexia, and muscle spasms[44-47] In the phase I 
trial by Tang et al[44] 27% of  patients receiving vismodegib 
had stopped the drug due to these averse events by 8 
mo, increasing to 54% cessation a year later. Resolution 
of  dysgeusia, muscle cramps and regrowth of  hair was 
noted within 3 mo after cessation of  therapy. No serious 
adverse events or dose-limiting toxicities have been ob-
served with the recommended 150 mg dosage[43,46].

COST OF VISMODEGIB
The cost of  vismodegib (Erivedge) is set by Genetech at 
$7500 monthly or $250 per capsule[51]. Besides the United 
States, vismodegib is also approved in Switzerland, 
United Kingdom, the EU, Australia, Israel, South Korea, 
Mexico and Ecuador.

CONCLUSION
The treatment of  surgically unresectable eyelid and peri-
ocular carcinoma is no longer limited to radical disfigur-
ing surgery or the use of  high dose radiation therapy 
with its feared ocular toxicity. The use of  drugs that 
target sonic hedgehog or EGFR pathways for advanced 
cutaneous carcinomas of  the periorbital region should be 
viewed as palliative but can be associated with long-term 
and durable response and may be an option for older in-
dividuals who would otherwise need radical surgery with 
significant morbidity. Although specific published data on 
use of  these agents for eyelid or periocular carcinomas 
are currently limited to few case reports, these relatively 
new drugs should be further studied for their efficacy 
in locally advanced BCC or SCC of  periocular region. 
Correlation of  response to mutational profile of  each 
tumor would be intriguing and should be further evalu-
ated. These newly available treatments should be consid-
ered only in patients with locally advanced unresectable 
or metastatic disease, multiple tumors, advanced age or 
multiple comorbidities.  Future treatment strategies to de-
crease the duration of  treatment with Hedgehog inhibi-
tors or EGFR inhibitors and the use of  these drugs in 
the neoadjuvant setting before surgery may be interesting 
to explore as a means of  decreasing morbidity associated 
with periocular surgery. 
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Abstract 
AIM: To study a service model that enables a clinic to 
be open to all members of the community, irrespective 
of their ability to pay.

METHODS: Sampling methodology was used to gather 
information in two phases, with the city of Indore as 
the target region. In the first phase, dental profession-
als were surveyed to gather the cost of the facility, land 
and equipment and the cost of sustaining the practice. 
In the second phase, the residents of Indore were sur-
veyed to collect information regarding their oral health 
problems and their expenditure for the same. Assessing 
the current situation, the questions to answer are relat-
ed to the issues of dental health care access problems 
and the resources required, human and financial.

RESULTS: (1) People younger than 20 years of age 
form a large proportion (43%) of the population of the 
city and also a large proportion (54%) of people who 
visit dental clinics; (2) Dental caries are commonly 

found in the population younger than 20 years of age 
and mobile teeth in those older than 50 years of age; 
(3) Dental caries and mobile teeth are almost equally 
found in people of the age group 20-50 years old; (4) 
A significantly large proportion of those older than 50 
years old have had all their teeth extracted; and (5) A 
significantly large proportion of the 20-30 years of age 
group has had no teeth extracted.

CONCLUSION: The model which we propose works 
well for low income patients; however, it places a lot 
of extra burden on the higher income group. A lot of 
effort can be put into generating revenue from other 
sources, including events and donations. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dental clinic; Dentist; Dental health; Popu-
lation; Dental treatment

Core tip: One of the primary reasons for the challenges 
faced by dental health care in a developing country 
like India is that when primary health care systems 
were being implemented, dental health care was not 
included. Also, although expenditure on health care 
systems form a significant percentage of the gross do-
mestic product (nearly 5%), it is very small compared 
to the total population of the country. On top of that, 
the amount of money spent on dental health care is 
less compared to some other nations. This has left 
dental health care in India far behind other health ser-
vices. The following are some of the challenges faced 
by dental health care in India: (1) expensive treatment; 
(2) imbalanced distribution of clinics; (3) unawareness; 
(4) skewed population to dentist ratio; and (5) chang-
ing disease pattern and treatment needs. People in 
developing regions suffer from different types of dental 
diseases, which are curable with treatment but not af-
fordable by most people. In this study, a service model 
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was developed that enables a clinic to be open to all 
members of the community, irrespective of their ability 
to pay.

Sugandhi A, Mangal B, Mishra AK, Sethia B. To explore and de-
velop a model to maintain and build upon a dental clinic open for 
all in developing regions, with a primary focus on India. World 
J Clin Cases 2014; 2(9): 439-447  Available from: URL: http://
www.wjgnet.com/2307-8960/full/v2/i9/439.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i9.439

INTRODUCTION
In developing nations such as India, 70% of  people live 
in rural areas and nearly 35% of  population is below pov-
erty line. In 2004-2005, around 39 million (30.6 and 8.4 
million in rural and urban areas, respectively) of  Indians 
fell into poverty as a result of  out of  pocket expenditures 
each year[1,2]. People do not have funds for eating, let 
alone dental and other medical health care. The impact 
of  health expenditures are greater in rural areas and in 
poorer states where a greater proportion of  the popula-
tion live near the poverty line[2]. The total expenditure on 
health was estimated to be 4.13% of  the gross domestic 
product (GDP) in 2008-2009, with public expenditure 
on health at 1.10% of  the share of  GDP[3]. Private ex-
penditures on health have remained high over the last 
decade[4]. A greater proportion of  resources are directed 
towards urban-based services and higher level services, 
with 29.2% of  public expenditures (both central and 
state) allocated to urban allopathic services compared to 
11.8% of  public expenditures allocated to rural allopathic 
services in 2004-2005. This imbalanced allocation is com-
pounded by the private sector’s bias toward higher level 
curative services which, determined by market forces, 
tends to be centered in wealthier urban areas[5]. Most 
public health facilities lack efficiency, are understaffed and 
have poorly maintained or outdated medical equipment. 
In addition to the lack of  funds and poor infrastructure, 
India faces a shortage of  medical staff  for these facilities, 
especially in rural regions where access to medical care is 
limited. Thus, it is important to build a model clinic that 
does not attempt to segregate the poor but is open to all 
with a sliding-fee schedule to make dental care affordable 
for the poor and uninsured.  

What do we mean by developing regions?
Development of  a country is measured with the help of  
statistical indexes, such as per capita income (GDP), life 
expectancy, the rate of  literacy, educational attainment, 
etc. The UN developed the Human Development Index 
(HDI)[6], a standard mean of  measuring human develop-
ment. Thus, it helps to determine whether a country is a 
developed, developing or underdeveloped country. 

A developing country has a low standard of  demo-
cratic government, industrialization, social programs and 

human rights guarantees. In other words, it can be said 
that a developing country has an undeveloped or devel-
oping industrial base and an inconsistent varying HDI. 
However, countries that have more advanced economies 
than other developing nations but have not fully demon-
strated the signs of  a developed country are called newly 
industrialized countries. Countries that have sustained 
good economic growth over a long period of  time and 
have a good economic potential are termed emerging 
markets. India falls under this category of  big emerging 
markets, the target of  this study. 

Why India
Over the years, the Indian economy has grown a lot but 
differences between the rich and poor have widened. In 
India, the government and private sector provide health 
care jointly. The poor who were not able to afford expen-
sive medical treatment earlier are still not able to afford 
it. Since oral health care is still in the developing stage in 
India, it is expensive compared to other medical treat-
ments, putting it out of  the reach of  the common man. 
Private sector hospitals are primarily motivated by profit, 
thus leaving a majority of  population unattended to 
with public health institutions as the only hope for such 
underprivileged people. Since these people form a large 
chunk of  the Indian population (over 35%), the cost of  
treatment becomes all the more important. 

Challenges to dental health care in India
One of  the primary reasons for the challenges faced by 
dental health care in India is that when primary health 
care systems were being implemented, dental health care 
was not included. Also, although expenditure on health 
care systems forms a significant percentage of  the GDP 
(nearly 5%), it is very small compared to the total popu-
lation of  the country. On top of  that, the amount of  
money spent on dental health care is much less compared 
to some other nations. This has left dental health care in 
India far behind other health services. The following are 
some of  the challenges faced by dental health care in In-
dia.

Expensive treatment: The increasing cost of  oral 
healthcare that is paid as “out of  pocket” payments 
makes oral healthcare unaffordable for a growing number 
of  people. The number of  people who could not seek 
oral care because of  a lack of  money increased signifi-
cantly between 1986 and 1995 and the proportion of  
people unable to afford basic oral healthcare has doubled 
in the last decade. Over 20 million Indians are pushed be-
low the poverty line every year because of  the effect of  
out of  pocket spending on health care[7].

Imbalanced distribution of  clinics: In India, up to 
80% of  the population lives in rural areas without any 
access to dental health care[8]. Community oriented health 
programs are seldom found in rural areas. For any type 
of  dental health care, they need to go to urban areas, thus 
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compounding the cost of  treatment, which makes them 
unwilling to go for treatment.

Unawareness: It has been found that 30% of  popula-
tion were unaware of  the ideal ways of  avoiding tooth 
decay, gum diseases and oral cancer[9]. Only a small num-
ber of  people go to a dentist on a regular basis or even in 
a medical emergency.

Skewed population to dentist ratio: The current dentist 
to population ratio in India is 1:10000[10] in urban and 1: 
2.5 lakh in rural areas[11]. This is a significant improvement 
from the 1980s when it was 1:80000. However, with the 
geographical imbalance of  the situation of  dental colleges, 
the ratio varies significantly in rural and urban areas. 

Changing disease pattern and treatment needs: 
The effectiveness of  preventive dentistry is leading to a 
change in the disease pattern as well as people becom-
ing more aware and concerned about dental health care. 
Although this number is small it is increasing, thus it has 
led to a decrease in demand for tooth extraction to an 
increase in demand for conservative modalities, such as 
root canal treatment. This puts a lot of  pressure on an 
already stressed out system to introduce different special-
izations in postgraduate courses. 

Fundamental causes of high cost of treatment
The cost of  treatment is one of  the major concerns of  
the Indian population, forcing them to avoid treatment 
if  at all possible.  The following are some of  the major 
reasons for the high cost of  dental treatment in India: 
(1) a skewed dentist to population ratio, leading to a high 
demand for care; (2) rapidly changing technology and the 
cost to keep up with it; (3) more remuneration for quali-
fied professionals; (4) high demand for better care; and (5) 
a large aging population needing special attention.

Objectives of the study
Primary objective: The primary objective is to explore 

and develop a model to maintain and build upon a dental 
clinic open for all in the developing regions, with a pri-
mary focus on India.

Secondary objective: The secondary objectives are: 
to study the challenges in dental health care in India; to 
study the cost of  setting up and maintaining a dental 
health care clinic; to study the common dental ailments 
prevailing in Indian patients; and to study the needs of  
different types of  patients.

MATERIALS AND METHODS
Methodology
The underlying challenge to our study was to understand 
how to achieve a balance between providing dental care 
to low income patients and financial stability of  the clinic. 
Thus, factors that affect patient care revenue, including 
the start-up and maintenance cost, needed to be assessed. 
This sequence of  steps was followed to achieve this goal:  
(1) in assessing the current situation, the questions related 
to dental health care access problems and human and 
financial resources required need to be answered; and (2) 
the need to envision the desired solution and define what 
is to be achieved.

All our studies and surveys were carried out in the city 
of  Indore, the most populous city in Madhya Pradesh, 
with a population of  about 3600000[12]. Its population 
is a mix of  low and high income. Although there are no 
specific data regarding the income of  people in Indore, 
a survey of  the population of  Madhya Pradesh indicated 
that 38% of  the urban population[13] lives below the pov-
erty line. Thus, assuming that this data can be extended 
to the population in Indore, this number is a significantly 
large proportion of  the population. There are four den-
tal colleges and several public and private dental clinics 
around the city. 

How do we assess the needs for such a clinic?
As a first step, the needs of  a dental clinic were deter-
mined. The assessment considered the following factors: 
(1) population demographics: collecting information re-
garding poverty, age and insurance is helpful to provide a 
perspective about the underlying population as dental dis-
parities occur in many population subgroups. This infor-
mation is available in the 2001 census of  India[14] (Table 1); 
(2) dental needs of  the target population; (3) accessibility 
of  current dental care resources for the target population, 
including availability and utilization of  public and private 
dental care units; and (4) community perceptions of  the 
need for dental care resources.

In order to determine the dental needs of  the people 
of  Indore and status of  the current dental health care 
in the city, a survey at four medical hospitals and several 
dental clinics was conducted to collect responses from 40 
dentists across the city. The survey included a question-
naire (Table 2) to be filled in by the dentist. 

The survey was carried out to identify the dental 
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Table 1  Demographics of Indore

Variable n (%)

Population
  Total 2465827 (-)
     Males 1289352 (53)
     Females 1176475 (47)
  Rural   735464 (29.7)
     Males   379624 (15.3)
     Females   355840 (14.4)
  Urban 1730363 (70.3)
     Males   909728 (36.9)
     Females   820635 (33.4)
Age Distribution
  < 10 yr   538943 (21.8)
  10-20 yr   524116 (21.2)
  20-30 yr   460948 (18.6)
  30-50 yr   625071 (25.3)
  > 50 yr   309070 (12.5)
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health care needs and problems of  different age groups 
and to identify the minimum level of  care needed to be 
provided at the clinic. 

The following section summarizes the results of  the 
survey.

RESULTS
Tables 3-6 and Figures 1-2 contain an average of  the re-
sponses received from various sources for questions 1–7 
in the survey (Table 2). The results from the data are: (1) 
people < 20 years of  age form a large proportion (43%) 

of  the population of  the city and a large proportion (54%) 
of  the people who visit dental clinics; (2) dental caries is 
the most widespread dental disease (or ailment) faced by 
the population < 20 years of  age; (3) mobile teeth is the 
most wide spread disease (or ailment) faced by the popu-
lation > 50 years of  age; (4) dental caries and mobile teeth 
are almost equally found in people in the 20-50 years of  
age group and together they form the most widespread 
disease (or ailment) in the age group; (5) A significantly 
large proportion of  the > 50 years age group has had all 
their teeth extracted; and (6) a significantly large propor-
tion of  the 20-30 years age group had no teeth extracted.

Based on these results, the following level of  service 
to be provided at the clinic was identified.

Basic oral health care service
Services are provided early in the disease process which 
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Table 2  Questionnaire to determine health care status and 
needs

Age group %

1 Percentage distribution of different age groups that have visited the 
dentist in the previous year 
  < 10 yr
  10-20 yr
  20-30 yr
  30-50 yr
  > 50 yr
2 Percentage distribution of different age groups needing dental 
treatment according to urgency of need
  < 10 yr
  10-20 yr
  20-30 yr
  30-50 yr
  > 50 yr
3 Percentage distribution of children < 20 yr of age with the following 
diseases or dental ailments
  Caries
  Mobile teeth
  Gums pyorrhea
  Pulpal infection
  Others
4 Percentage distribution of people between 20-50 yr of age with the 
following diseases or dental ailments
  Caries
  Mobile teeth
  Gums pyorrhea
  Pulpal infection
  Others
5 Percentage distribution of people above 50 yr of age with the 
following diseases or dental ailments
  Caries
  Mobile teeth
  Gums pyorrhea
  Pulpal infection 
  Others 
6 Percentage of different age groups who had all their teeth
 extracted
  < 10 yr
  10-20 yr
  20-30 yr
  30-50 yr
  > 50 yr
7 Percentage of different age groups who had no teeth extracted
  < 10 yr
  10-20 yr
  20-30 yr
  30-50 yr
  > 50 yr

Table 3  Percentage distribution by age of people visiting the dentist

Age group %

< 10 yr 23
10-20 yr 31
20-30 yr 19
30-50 yr 16
> 50 yr 11

Table 4  Percentage distribution by age of people needing 
dental treatment according to urgency of need

Age group %

< 10 yr 15
10-20 yr 24
20-30 yr 13
30-50 yr 19
> 50 yr 29

Table 5  Percentage distribution

Disease %

Children < 20 yrs of age with the following diseases or dental ailments
  Caries 61
  Mobile teeth 20
  Gums pyorrhea   4
  Pulpal infection 12
  Others   3
People between 20-50 yrs of age with the following diseases or dental 
ailments
  Caries 34
  Mobile teeth 25
  Gums pyorrhea 18
  Pulpal infection 23
  Others 10
People above 50 yrs of age with the following diseases or dental ailments
  Caries 24
  Mobile teeth 59
  Gums pyorrhea   3
  Pulpal infection  12
  Others   2
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limits the disease from progressing further. These include 
diagnostic procedures, simple restoration of  diseased 
teeth, early treatment of  periodontal disease and many 
surgical procedures needed to treat oral pathologies.

Preventive oral health services
These include the services which prevent the onset of  
the dental disease process.

Methodology for expenses of a dental clinic
The next step was to estimate the expenses of  a dental 
clinic. We conducted another survey (Table 7) to estimate 
start up and operational cost of  a dental clinic. This sur-
vey was conducted with the suppliers for each of  these 

commodities to determine the costs and dentists were 
asked about average operational costs. Table 8 summa-
rizes the result of  the expense survey.

The equipment reserve fund is the money set apart 
for buying expensive equipment in the future. The list 
of  essential dental equipment (Table 9) was determined 
from a list of  the supplies and instruments from a dental 
clinic in Indore. As well as these dental instruments and 
supplies, a dental chair is also present at the clinic. 

Methodology for revenue from all source
In order to design a sliding fee model, the expected rev-
enue from the clinic should be known in order to be able 
to sustain the clinic. Thus, a survey was conducted (Table 
10) to determine the revenue from the clinic from sourc-
es at all the hospitals and clinics where the first survey 
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Table 6  Percentage of different age groups

Age group %

Different age groups who had all their teeth extracted
  < 10 yr   3
  10-20 yr   4 
  20-30 yr   3
  30-50 yr   7
  > 50 yr 42
Different age groups who had no teeth extracted
  < 10 yr 21
  10-20 yr 33
  20-30 yr 67
  30-50 yr   8
  > 50 yr   2

Caries
Mobile teeth
Gums pyoreha
Pulpal infection
Others

Figure 2 Percentage distribution. A: Percentage distribution of children < 
20 year of age with the following diseases or dental ailments; B: Percentage 
distribution of people between 20-50 years of age with the following diseases or 
dental ailments; C: Percentage distribution of people over 50 years of age with 
the following diseases or dental ailments.

A

B

< 10 years
10-20 years
20-30 years
30-50 years
> 50 years

< 10 years
10-20 years
20-30 years
30-50 years
> 50 years

Figure 1  Percentage distribution by age. A: Percentage distribution by age 
of people visiting the dentist; B: Percentage distribution by age of people need-
ing dental treatment according to urgency of need.

A

B

Caries
Mobile teeth
Gums pyoreha
Pulpal infection
Others

Caries
Mobile teeth
Gums pyoreha
Pulpal infection
Others

C
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was conducted. Table 11 contains the results of  dental 
clinic revenue survey. 

Do we need a mobile or fixed dental clinic?
While calculating the expense of  a clinic, we observed 
that the initial cost of  starting the clinic was a major 
component (nearly 66%). Thus, the question was asked 
if  it was necessary to have a fixed dental clinic or if  a 
mobile clinic was sufficient, thus reducing the initial start-
up cost. Mobile clinics are used to serve small pockets of  
patients scattered over a geographic area. The greatest 
advantage of  such a clinic is that initial cost of  setup is 
low but the future cost of  maintenance is high and the 
life of  a mobile facility is shorter than a fixed facility. One 
of  the aims of  the open-to-all clinic is to provide care to 
as many people as possible so as to maximize the reve-
nue, which would be otherwise difficult in a mobile clinic. 
Thus, it makes more sense to have a fixed facility that can 
serve a large number of  people. 

How to determine the patient charges?
Once we had determined the expenses and revenue of  
a dental clinic had been determined, the next step was 
to develop a sliding fee model for patient charges, which 
was our initial goal. However, to build such a model we 
still needed information such as the average number 
patients from different income groups who visit dental 
clinics (Table 12). Another survey was conducted to de-
termine this and the results are presented in Table 13. 

After gathering all the relevant data, a sliding fee 
model that can be used for a dental clinic in India was de-
veloped. Figure 3 shows a graph from the G20 report[15] 
on poverty and inequality, showing the distribution of  
population and their income. It can be seen that less than 
one-fifth of  the population lies below the two dollar (Rs. 
100) line and around 1% lies below the one dollar (Rs. 
50) line. The maximum percentage of  the population 
earns close to Rs. 300-350 (per day). 

The per visit charge for patients was determined, 
which was taken as the basis for providing a discount to 
the low income group. This had to be greater than the 
average per visit charge we estimated from our survey in 
order to sustain the clinic financially. The extra amount 
of  money being charged to the high income group will 
help to subsidize the fees for the low income group. The 
population was then divided into five different groups on 
the basis of  their income: (1) low income group, earning 
< Rs. 100/d; (2) lower-middle income group, earning > 
Rs. 100 but < Rs. 300/d; (3) middle income group, earn-
ing > Rs. 300 but < Rs. 400/d; (4) higher-middle income 
group, earning > Rs. 400 but < Rs. 1000/d; and (5) high-
er income group, earning > Rs. 1000/d.

Well off  patients (including the higher middle and 
higher income group) constitute a significant proportion 
of  the population that visits dental clinics (Table 13) and 
is nearly thrice as large as the low income patients that 
visit dental clinics. So, in order to provide X% discount to 
the lower income group, X /3% more is charged to the 
higher income group. The baseline charge of  Rs. 400 per 
visit is fixed. It was estimated that the low income group 
would form approximately 10% of  the total patients, 
lower middle income group nearly 16%, middle income 
nearly 35%, higher middle income nearly 22% and higher 
income nearly 17% of  the total population. Discounts 
are now provided to various income groups (Table 14).

The bottom line in establishing various discounts is 
that the weighted sum of  the discount and proportion of  
the population that group forms should not be negative 
if  the clinic is to be sustained financially. The sliding fee 
schedule is used by totaling the full fees, multiplying the 
discount factor and subtracting to determine the charge 
to the patient. Note that the negative discount for the 
higher income group means that they have an extra fee 
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Table 7  Questionnaire to determine expense of a dental 
clinic

Expense Cost

Start-up costs
Construction (or remodeling cost)
Dental equipment cost (including supplies and instruments)
Furniture
Record filling system
Phone / intercom system
Computer / data / billing
Operating Expenses
Dental assistant
Billing Clerk (or Secretary or Receptionist)
Clinical supplies
Office supplies
Equipment maintenance 
Housekeeping
Laundry
Communications
Equipment reserve fund

Table 8  Result of dental clinic expenses survey

Expense Cost

Start-up costs
Construction (or remodeling cost) Rs. 1205000
Dental equipment cost (including supplies and 
instruments)

Rs. 924500

Furniture Rs. 45900
Record filling system Rs. 12500
Phone /intercom system Rs. 9300
Computer/data/billing Rs. 35200
Total start-up costs Rs. 2232400
Operating expenses
Dentist Rs. 750000
Dental assistant Rs. 24000
Billing clerk (or secretary or receptionist) Rs. 5000
Clinical supplies Rs. 107900
Office supplies Rs. 12500
Equipment maintenance Rs. 21400
Housekeeping Rs. 13600
Laundry Rs. 26700
Communications Rs. 24000
Equipment reserve fund Rs. 10000
Total operating expenses Rs. 995100
Total expenses Rs. 3227500

Sugandhi A et al . Dental clinic in developing regions
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compared to the other income groups. There are fees for 
cases that would not be discounted in the case of  a very 
high cost of  treatment to the higher income group or 
giving a very large discount to a lower income group. 

DISCUSSION
These dental clinics address dental access problems and 
barriers in several ways and should be distributed through-
out the state in urban and rural locations. They will serve 
communities for many years and maintain adequate hours 
of  practice. Such dental clinics provide the most common 
dental services and, when additional services are needed, 
referrals to dental colleges are made. The clinic treated 
low income patients living below the poverty line at a very 

low cost and also treated low middle and middle income 
group patients with a sufficient discount. Because most 
of  the clinics are located within facilities that provide oral 
health care service at very low cost, especially for the low 
income group, patients might perceive them as being more 
accessible and familiar. This assistance and familiarity will 
reduce important nonfinancial access barriers. These den-
tal clinics will offer a variety of  oral health outreach and 
educational programs designed to reach broader groups 
and expand the oral health message, possibly preventing 
further dental problems.
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Figure 3  Income distribution in India

Table 11  Result of dental clinic revenue survey

Source Income

Patient care revenue
Patient care revenue – self pay Rs. 866050
Patient care revenue – insurance Rs. 166450
Patient care revenue – total Rs. 1032500
Donations and other sources 
Individual donations Rs. 9000
Corporate donations Rs. 13000
Events Rs. 6000
Donations – total Rs. 28000
Total revenue (all sources) Rs. 1060500

Table 12  Questionnaire to determine patient visits at a 
dental clinic

Variable Value

Patient Visits
Total number of patient visits: 
Well off patients1

Low income patients2

Patients with insurance
Per patient visit charge

1Well off patients are way above the poverty line and have no money con-
straints on the cost of treatment; 2low income patients are either below the 
poverty line or belong to a middle class that cannot afford expensive treat-
ment.

Table 13  Summary of patient visit survey

Variable Value %

Patient visits1

Total number of patient visits: 3550
Well off patients2 2610 74%
Low income patients3 940 26%
Patients with insurance 284 8%
Per visit patient charge 350 -

1All visits are expressed per year; 2Well off patients are way above the 
poverty line and do not have any money constraints on the cost of treat-
ment; 3Low income patients are either below the poverty line or belong to 
a middle class that cannot afford expensive treatment.

Sugandhi A et al . Dental clinic in developing regions

Table 10  Questionnaire to determine revenue of a dental 
clinic

Source Income

Patient care revenue - self pay
Patient care revenue - insurance
Patient care revenue - total
Donations and other sources 
Individual donations
Corporate donations
Events



In this study, it was found that the middle and higher 
income group constituted a significant portion of  the 
population who visit the dental clinic, about thrice as 
large as the low income group, according to the result of  
survey given in Table 13. So, by giving 1/3% of  discount 
to low income group, a better oral health service is pro-
vided for them (Table 14). The almost 75% discount to 
the low income group and 50% discount to lower middle 
income group allows problem free thinking in approach-
ing oral health care. A slightly higher fee is charged to pa-
tients with insurance to increase revenue and reduce the 
burden on the higher income group patients. The study 
limitations are that the higher income group is charged 
an extra fee compared to other income groups. 

One of  the important aims of  developing such a clin-
ic was to provide dental care to low income populations 
who have poor access to health care. However, it should 
not be forgotten that a clinic is of  no use if  it cannot 
keep its door open. The more inclusive a clinic seeks to 
be in providing access, the greater the risk of  operating 
in the red because of  uncompensated care. By the same 
token, the more a clinic limits uncompensated care, the 
greater its risk of  limiting access to dental care for people 
with low income. Thus, it is always important to achieve 
a balance between the two. The model which we have 
proposed in Table 14 works well for low income patients 
in terms of  providing them dental care at low and afford-
able cost; however, it places a lot of  extra burden on the 
higher income group, which may not be acceptable to 
them. In this case, effort can be put into generating rev-
enue from other sources, including events and donations. 

COMMENTS
Background
This model has been used to open a dental clinic in a developing region in In-
dia, providing access irrespective of the patient’s ability to pay. So far, however, 
no such survey has taken place before opening a dental clinic in which both 
lower income and higher income group are considered.
Research frontiers 
The model given is good for giving dental care at low and affordable cost to 
the low income group but it places an extra burden on the higher income group 
which may not be acceptable to them.
Innovation and breakthroughs
This is a pioneering study in which the authors used sampling methodology for 

a survey conducted in two phases. The first phase was to ascertain the cost of 
the facility, land and equipment and the cost of sustaining the practice. In the 
second phase, a survey of the residents of Indore was carried out to collect 
information regarding their oral health problems and their expenditure for the 
same.
Applications
In developing regions like India, this model may have success for people with 
low income and the extra burden on the higher income group can be distributed 
by generating funds by events and donations.
Terminology
GDP: Gross Domestic Product; HDI: Human Development Index. 
Peer review
The paper is acceptable in its current form.
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Table 14  Discounts to different income groups

Income group Discount

Lower income 75%
Lower-middle income 50%
Middle income 12.50%
Higher-middle income 0%
Higher income -75%
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Abstract
AIM: To investigate the relationship between upper 
esophageal sphincter abnormalities achalasia treatment 

METHODS: We performed a retrospective study of 41 
consecutive patients referred for high resolution esoph-
ageal manometry with a final manometric diagnosis of 
achalasia. Patients were sub-divided by presence or ab-
sence of Upper esophageal sphincter (UES) abnormali-
ty, and clinical and manometric profiles were compared. 
Correlation between UES abnormality and sub-type (i.e. , 
hypertensive, hypotensive or impaired relaxation) and a 
number of variables, including qualitative treatment re-
sponse, achalasia sub-type, co-morbid medical illness, 
psychiatric illness, surgical history, dominant presenting 

symptom, treatment type, age and gender were also 
evaluated.

RESULTS: Among all 41 patients, 24 (58.54%) had a 
UES abnormality present. There were no significant dif-
ferences between the groups in terms of age, gender 
or any other clinical or demographic profiles. Among 
those with UES abnormalities, the majority were ei-
ther hypertensive (41.67%) or had impaired relax-
ation (37.5%) as compared to hypotensive (20.83%), 
although this did not reach statistical significance (P  
= 0.42). There was no specific association between 
treatment response and treatment type received; how-
ever, there was a significant association between UES 
abnormalities and treatment response. In patients with 
achalasia and concomitant UES abnormalities, 87.5% 
had poor treatment response, while only 12.5% had fa-
vorable response. In contrast, in patients with achalasia 
and no UES abnormalities, the majority (78.57%) had 
good treatment response, as compared to 21.43% with 
poor treatment response (P  = 0.0001). After controlling 
for achalasia sub-type, those with UES abnormality had 
26 times greater odds of poor treatment response than 
those with no UES abnormality (P  = 0.009). Similarly, 
after controlling for treatment type, those with UES 
abnormality had 13.9 times greater odds of poor treat-
ment response compared to those with no UES abnor-
mality (P  = 0.017).

CONCLUSION: The presence of UES abnormalities in 
patients with achalasia significantly predicted poorer 
treatment response as compared to those with normal 
UES function. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Upper esophageal sphincter (UES) abnormalities in 
patients with achalasia significantly predicted poorer 
treatment response as compared to those with normal 
UES function, irrespective of the type of treatment re-
ceived or achalasia sub-type. We believe this finding 
is novel and represents an opportunity to more fully 
characterize upper esophageal sphincter pathology in a 
clinical context.

Mathews SC, Ciarleglio M, Chavez YH, Clarke JO, Stein E, Ro-
land BC. Upper esophageal sphincter abnormalities are strongly 
predictive of treatment response in patients with achalasia. World 
J Clin Cases 2014; 2(9): 448-454  Available from: URL: http://
www.wjgnet.com/2307-8960/full/v2/i9/448.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i9.448

INTRODUCTION
Esophageal manometry has primarily been used to evalu-
ate disorders of  the esophageal body and lower esopha-
geal sphincter. The introduction of  high resolution 
esophageal manometry (HREM) has allowed the addi-
tional ability to assess the function of  the upper esopha-
geal sphincter (UES). While a wide spectrum of  abnor-
malities such as alterations of  resting UES pressures and 
impaired relaxation have been described in association 
with various motility disorders, the current Chicago Clas-
sification for manometric disorders[1] does not comment 
on UES findings. In addition, these abnormalities are 
often interpreted as incidental findings with no clearly 
defined clinical significance[2]. 

Manometric abnormalities of  the UES have been 
documented in numerous settings, including as a function 
of  aging[3-6]. They have also been reported in association 
with specific motility disorders and symptoms includ-
ing achalasia[7-10], dysphagia[11-13], Parkinson’s disease[14-16], 
oculopharyngeal muscular dystrophy[17], cricopharyngeal 
bar[18], globus[19], Zenker’s diverticulum[20], and scleroder-
ma[21]. However, the relationship and role of  UES abnor-
malities in the context of  motility disorders, specifically 
achalasia, remain unclear. While prior studies have dem-
onstrated manometric UES abnormalities in achalasia[7-10], 
its clinical relevance and effects on therapeutic outcomes 
has not been fully characterized and remains poorly un-
derstood[22].

We hypothesized that UES abnormalities in associa-
tion with achalasia may have significant clinical impli-
cations and may be useful as a predictor of  treatment 
response. The primary aim of  this study was therefore to 
assess the frequency and type of  UES abnormalities in 
patients referred for HREM with a manometric diagnosis 
of  achalasia. The secondary aims were to further char-
acterize the correlation of  specific UES abnormalities 
with achalasia sub-type and clinical characteristics and to 
additionally assess for differences in treatment response 
based on the presence or absence of  UES abnormality.

MATERIALS AND METHODS
Subjects and study protocol
We performed a retrospective study of  consecutive pa-
tients from October 2011 to November 2012 who under-
went high resolution esophageal manometry at the Johns 
Hopkins Center for Neurogastroenterology and were 
subsequently diagnosed with Achalasia (Type Ⅰ, Ⅱ, or Ⅲ) 
defined as based per the current Chicago Classification. 
Patients with a manometric diagnosis that was consistent 
with achalasia were subsequently sub-divided into those 
with normal and abnormal UES function. Primary indi-
cations for HREM in these patients included dysphagia, 
atypical chest pain, cough, belching, globus, regurgitation, 
nausea and vomiting. The study protocol was approved 
by the John Hopkins University School of  Medicine 
Institutional Review Board (IRB). Our protocol was in 
compliance with the Health Insurance Portability and Ac-
countability Act (HIPAA).  

Manometric protocol
Manometric studies were performed with the patients in 
the supine position after a minimum 6 h fasting period. 
A solid-state high-resolution manometer was used for all 
data collection (ManoScan360 High Resolution Manom-
etry System, Sierra Scientific Instruments, and Los Ange-
les, CA). The manometric catheter has an outer diameter 
of  4 mm and 36 circumferential pressure sensors spaced 
1 cm apart. The system is calibrated to record pressures 
between -20 and 600 mmHg, with fidelity of  2 mmHg. 
The catheter was positioned so that at least 2 distal sen-
sors were in the stomach and 2 proximal sensors were lo-
cated above the UES. The manometric protocol included 
a 5-min baseline recording, followed by 10 wet swallows 
of  5 cc water.

Manometric data analysis
All manometry studies were analyzed using ManoView 
software (Sierra Scientific Instruments) and were appropriate-
ly corrected for thermal sensitivity of  the pressure-sens-
ing elements using thermal compensation. The esopha-
geal pressure topography plot of  each swallow in the 
HRM study was subsequently analyzed based on the cur-
rent Chicago Classification scheme[1]. Sub-classification 
of  achalasia was defined based on the scheme put forth 
by Pandolfino et al[23] after the introduction of  Chicago 
Classification: Type Ⅰ representing classic achalasia with 
minimal esophageal contractility and low intraesophageal 
pressure, type Ⅱ representing absent peristalsis and pane-
sophageal pressure elevations, and type Ⅲ representing 
lumen-obliterating esophageal spasm.

Definition of UES pressure and abnormalities 
UES pressures were measured throughout the study prior 
to each of  the 10 wet swallows and abnormalities re-
corded included: hypotensive upper esophageal sphincter 
pressure, hypertensive upper esophageal sphincter pres-
sure, and impaired UES relaxation. UES resting pressure 
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during the first 5 min of  the study (while establishing the 
baseline), was excluded from our study.  While there is 
some discrepancy in the literature regarding normal UES 
baseline values, normal ranges   were established based on 
a prior study that sought the UES pressures in 73 healthy 
subjects. The normal range was defined by the 5th and /
or 95th percentile value of  the parameters found[24]. Based 
on these values, our patients were divided into those with 
normal UES function and abnormal function including: 
impaired UES relaxation (residual pressure > 12 mmHg), 
hypertensive resting UES pressure (> 104 mmHg), and 
hypotensive resting UES pressure (< 34 mmHg). While 
there is currently no well-established normal range for 
UES pressure, for the purposes of  this study, we used 
the normal ranges (as referenced above) put forth by 
GIVEN imaging for their high resolution esophageal ma-
nometry ManoView software (Sierra Scientific Instruments).  

The frequency of  UES abnormalities and sub-type of  
UES abnormality present (e.g., hypotensive, hypertensive, 
or impaired relaxation) was evaluated in this population 
of  patients with achalasia. Additionally, we looked at the 
association between sub-types of  achalasia (e.g., Ⅰ, Ⅱ, 
or Ⅲ) and the presence of  specific UES abnormalities. 
In addition, clinical and demographic profiles were also 
examined and correlated with type of  UES abnormality 
present including dominant presenting symptom, age, 
gender, race, co-morbid medical illness, psychiatric illness, 
and surgical history. 

Lastly, we sought to determine whether or not the 
presence of  an UES abnormality was predictive of  either 
treatment received or treatment response in our patient 
population.  Types of  treatment included: endoscopic 
pneumatic dilation (PD), targeted endoscopic botulinum 
toxin (Botox) injections to the lower esophageal sphinc-
ter, medical therapy (e.g., calcium channel blockers), 
Surgical myotomy with fundoplication, and Per Oral En-
doscopic Myotomy (POEM).  The majority of  patients 
underwent surgical (e.g., Heller myotomy) or endoscopic 
myotomy (e.g., POEM) for definitive treatment. Only 
those patients deemed “higher risk” for invasive proce-
dures were treated with PD, pharmacotherapy or LES 
botox injections. All treatment decisions were made by 
the primary gastroenterologist who evaluated the patient 
and discussed treatment options which each individual at 
the time of  a clinical office visit.  Also of  note, individual 
therapeutic options were decided by the gastroenterolo-
gist and patient independent of  the presence of  a UES 
abnormality on their manometry study. 

Treatment response was defined qualitatively by pa-
tients as being either “favorable” or “poor,” as based 
on significant improvement in post-treatment dyspha-
gia rates and other primary associated symptoms (e.g., 
regurgitation, weight loss, chest pain)  with satisfactory 
improvement in symptoms and/or Eckardt score. This 
response was assessed in each individual patient by a 
gastroenterologist during a clinical office visit. A single 
gastroenterologist subsequently reviewed charts to docu-
ment outcome data; this individual was blinded to the 

presence or absence of  UES abnormalities.

Statistical analysis 
Counts and percentages are reported.  Fisher’s exact test 
was used to investigate the association between pres-
ence of  UES abnormality and categorical variables of  
interest. Age was compared using a two-sample t-test. A 
multivariate logistic regression model was used to assess 
the relationship between presence of  UES abnormality 
and treatment response, while controlling for the type of  
achalasia, given that Type Ⅱ achalasia is known to have 
the best treatment response.  Two-sided P-values ≤ 0.05 
were considered statistically significant. All analyses were 
conducted using SAS v. 9.3 (SAS Institute; Cary, NC).

RESULTS
A total of  41 patients with a diagnosis of  achalasia were 
identified during the study period, of  which 24 (58.5%) 
had an upper esophageal sphincter abnormality present 
on their HREM. There were no significant differences 
between the groups in terms of  age or gender. When 
comparing individuals with no UES abnormality to indi-
viduals with UES abnormality, there were no significant 
differences in terms of  age or gender [mean age 55.81 vs 
53.32 (P = 0.6492) and 53.94% male vs 50.00% respec-
tively (P = 1.0000)]  

Among those patients with UES dysfunction present, 
the majority of  those with abnormalities had a hyperten-
sive basal UES pressure (41.67%) followed by impaired 
UES relaxation (37.5%) and a hypotensive basal UES 
pressure (20.83%). Patients with achalasia were also sig-
nificantly more likely to have either a hypertensive UES 
resting pressure or have impaired UES relaxation as 
compared to having low UES basal pressures (20.83% vs 
79.17%, P = 0.004). 

The majority of  our cohort with UES abnormalities 
had type Ⅱ achalasia (Type Ⅱ 65% vs Type Ⅰ 20 % vs 
Type Ⅲ 15%), which was also the case in patients with no 
UES abnormalities (Type Ⅱ 56.25% vs Type Ⅰ 18.75% 
vs Type Ⅲ 25%). There was no significant association 
seen between sub-type of  achalasia and the presence or 
absence of  UES abnormality (P = 0.8916).There was no 
significant association between type of  achalasia and sub-
type of  UES abnormality (e.g., hypertensive, hypotensive, 
or impaired relaxation, p = 0.3345) (Table 1). 

There were no significant differences observed be-
tween presence or absence of  UES abnormality and type 
of  treatment that patients received (e.g., endoscopic dila-
tation, endoscopic Botulinum toxin injections, medical 
therapy, POEM, or surgical myotomy) (P = 0.40). Similar-
ly, there was no association when examining therapeutic 
treatment response when each treatment was compared 
individually (endoscopic dilatation, P = 0.69; endoscopic 
Botox, P = 0.63; medical therapy, p = 0.21; POEM, p = 
1.00; surgical myotomy, P = 0.08). Additionally, there was 
no association between type of  UES abnormality and 
specific treatment type of  received (P = 0.79) (Table 2).
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With respect to treatment response, patients with 
achalasia and a UES abnormality present had a signifi-
cantly poorer treatment response as compared to those 
with no UES abnormality present. Specifically, in patients 
with achalasia and a concomitant UES abnormality, 
87.5% rated their treatment response as poor, while only 
12.5% rated it favorable (P < 0.0001). In contrast, in 
patients with achalasia and no UES abnormality present, 
only 21.43% reported a poor treatment response while  
the majority (78.57%) rated it favorable (P = 0.0001) 
(Table 3). However, individual UES abnormality type was 
not significantly associated with treatment response (P 
= 0.70).  In addition, after controlling for achalasia sub-
type, those with UES abnormality had a 26 times greater 
odds of  poor treatment response than those with no 
UES abnormality (P = 0.0099). Similarly, after controlling 
for treatment type, those with a UES abnormality present 
had a 13.9 times greater odds of  poor treatment response 
compared to those without (P = 0.0173). There was no 
significant relationship observed when comparing treat-
ment response with achalasia sub-type (P = 0.2163).

There was no significant association between initial 
dominant symptom presentation (dysphagia, chest pain, 
GERD, globus sensation, hiccups, or “other” dominant 
symptom) and presence or absence of  UES abnormality 
(P = 0.87). Similarly, when examining these symptoms in-
dividually, there was no association between presence of  
UES abnormalities with any primary symptoms (dyspha-
gia, P = 0.7289; chest pain, P = 1.000; GERD, P = 0.5598; 
globus sensation, P = 1.000; hiccups, P = 1.0000; other 
dominant symptom, P = 1.000). 

The relationship between underlying medical co-mor-
bidities with presence of  absence of  UES abnormalities 
was also assessed, and no significant associations were 
observed (diabetes, P = 0.2072; scleroderma, P = 1.0000; 
asthma, P = 1.0000; stroke, P = 0.4146; dementia, P = 
0.4146; gastroparesis, P = 1.0000; achalasia, P = 0.4328). 
Additionally, we found no association between psychiatric 
disorders and presence or absence of  UES abnormalities 
(psychiatric disorders, P = 0.7364; depression, P = 1.0000; 
anxiety, P = 0.6293; other psychiatric disorders [including 
bipolar disorder and schizophrenia], P = 1.0000). There 
was also no significant association observed between his-
tory of  prior esophageal or other relevant surgeries and 
presence or absence of  UES abnormality (History of  
any prior surgery, P = 0.752; larynx surgery, P = 1.0000; 

esophageal surgery, P = 0.3725; spine surgery, P = 0.5024; 
all additional surgeries, P = 1.0000).  

DISCUSSION
The pathophysiology of  disorders affecting the upper 
esophageal sphincter is incompletely understood.  The 
advent of  solid state, high resolution esophageal manom-
etry has improved our understanding and ability to evalu-
ate the UES and pharyngeal region.  In the present study, 
upper esophageal sphincter abnormalities were not only 
a frequent finding in patients with achalasia, but addition-
ally were useful in predicting treatment response. The as-
sociation of  UES abnormalities with treatment response 
remained even after adjusting for type of  treatment re-
ceived. Interestingly, among patients with achalasia, UES 
abnormalities were more common than normal UES 
function in this population.  Further, the presence of  
UES abnormalities in patients with achalasia significantly 
predicted poorer treatment response when compared 
to those with normal UES function, irrespective of  the 
type of  treatment received or the sub-type of  achalasia 
that was being treated. Similar to prior studies, the pres-
ent study also demonstrated that in patients with UES 
abnormalities, Type Ⅱ achalasia was the most common 
sub-type[24-26]; however, there was no association observed 
between sub-type of  achalasia and presence of  UES dys-
function.

Malhi-Chowla et al[22] previously reported that UES 
abnormalities are a common incidental finding on mano-
metric studies, even in the absence of  abnormal radio-
graphic signs or upper esophageal sphincter symptoms. 
These authors concluded that routine UES manometry 
with esophageal manometry was therefore not always 
useful, particularly when UES dysfunction was not sus-
pected clinically. In contrast to their findings, with our 
assessment of  clinical outcomes in a large group of  
patients with achalasia, the present study provides di-
rect evidence that UES abnormalities may be clinically 
relevant, specifically in predicting treatment response in 
individuals with achalasia. As a result, our findings sug-
gest a direct association between UES dysfunction and 
poorer outcomes in this patient population, and further 
provide support for careful manometic UES evaluation 
even when a motility disorder with a predominantly lower 
esophageal pathology (i.e., achalasia) is suspected. 

The finding that UES abnormalities in achalasia is 
strongly predictive of  poorer treatment response suggests 
that this sub-population with UES dysfunction may have 
more severe disease with potentially more extensive and 
further proximal esophageal involvement. While prior 
studies have suggested that UES abnormalities appear to 
be associated with achalasia and other esophageal motil-
ity disorders[11-21], none of  those studies directly assessed 
clinical significance or response to treatment. 

Better treatment response in patients with type Ⅱ 
achalasia has been well described in several studies[26-28]. 
It is additionally well known that patients with type Ⅲ 
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Table 1  Distribution of upper esophageal sphincter abnormality 
by achalasia sub-type

Type of 
achalasia

UES abnormality P -value

Hypertensive 
(%)

Hypotensive 
(%)

Impaired relaxation 
(%)

Type Ⅰ 22.22 50 0.00 0.3345
Type Ⅱ 55.56 50 85.71
Type Ⅲ 22.22   0 14.29

UES: Upper esophageal sphincter.
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achalasia have the worst response to all therapies. How-
ever, even after controlling for type of  achalasia, our 
results still demonstrated that treatment response was 
significantly better in all types of  achalasia without UES 
abnormalities as compared to patients with concurrent 
achalasia and UES dysfunction.  In other words, UES 
dysfunction appeared to independently predict treatment 
failure and normal UES function independently predicted 
better treatment response, irregardless of  achalasia sub-
type.

UES dysfunction in achalasia has previously been 
described, specifically with impaired UES relaxation re-
ported as the most common abnormality among patients 
with achalasia. Yoneyama et al[10] compared the UES 
manometric characteristics of  15 patients with diagnosis 
of  achalasia as compared to 10 healthy volunteers and 
concluded that UES relaxation in patients with achalasia 
is incomplete. In the present study, we found a very high 
frequency of  concomitant UES abnormalities among 
patients with achalasia (54%). Further, these individuals 
with UES abnormalities were more likely to have either 
impairment of  UES relaxation or a hypertensive resting 
pressure as compared to being hypotensive. Although 
achalasia classically spares striated muscle, both prior lit-
erature and the results of  the present study demonstrate 
a high frequency of  upper esophageal sphincter involve-
ment in this specific patient population.

In exploring what may account for this finding, it 
is plausible that increased UES pressure represents a 
compensatory or protective effect toward inadequate 
esophageal clearance in achalasia. Prior studies have also 
reported a reflexive hypertensive upper esophageal rest-
ing pressures after intraesophageal distension[29]. These 
investigators proposed that this may be a result of  the 
UES serving as a dynamic barrier to esophagopharyn-
geal reflux and subsequent bronchial aspiration. Another 

possibility is that a neural feedback mechanism exists be-
tween UES relaxation and tension in the esophageal wall, 
such that increased resting pressure in the esophageal 
body transmits directly to the UES. 

A paradoxical increase in UES pressure may also re-
sult from the loss of  inhibitory neurons more proximally 
in patients with achalasia who may have more extensive 
esophageal involvement. A subset of  patients with acha-
lasia may also have more significant vagal involvement 
with Wallerian degeneration in the vagal fibers that sup-
ply the esophagus.  In this context, the presence or sever-
ity of  UES abnormalities may potentially be useful as a 
predictor to treatment response in achalasia.  It is also 
possible that UES dysfunction in achalasia is simply a 
reflection of  more severe disease and may reverse with 
treatment.  In fact, prior studies have demonstrated that 
UES abnormalities disappear after pneumatic dilation[13], 
suggesting that reversal of  UES dysfunction may be used 
as one of  the predictors of  treatment response.  Lastly, 
although it is generally believed that the upper third of  
the esophagus, is composed primarily of  striated muscle, 
this may not necessarily be the case in all individuals. In-
terestingly, in one autopsy study, smooth muscle fibers in 
the circular muscle up to the level of  the upper esopha-
geal sphincter were found in 45% of  specimens[30]. 

Our study is the first to directly report on the poten-
tial clinical significance of  UES abnormalities in treat-
ment outcome in patients with achalasia; however, the 
authors acknowledge that there were significant limita-
tions to the present study.  First, this was a retrospective 
analysis which inherently limits the ability to draw caus-
ative conclusions. However, given the limited literature 
on UES abnormalities and clinical outcomes in patients 
with achalasia, it adds significant value in identifying key 
areas of  further study in a larger, prospective evaluation. 
Another limitation is that treatment response was based 
on subjective evaluation by the patient of  improvement 
in primary symptoms (and Eckardt scores were not as-
sessed in all patients), which was collected by chart review 
based on the assessment of  the clinical provider. A more 
objective measure such as a pre and post-treatment Eck-
ardt score, barium esophogram, or repeat manometric 
study would have provided more objective outcome data; 
however, this was not possible given the retrospective 
nature of  the study. In addition, further correlation with 
presence or resolution of  UES abnormality post proce-
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Table 2  Type of treatment received based on upper esophageal sphincter abnormality sub-type

Treatment UES abnormality P -value

Hypertensive (%) Hypotensive (%) Impaired relaxation (%)

Pneumatic dilatation   0 25 11.11 0.3967
Endoscopic botox treatment 25   0 22.22
Medical therapy   0   0 22.22
POEM   12.5   0 11.11
Surgical myotomy   62.5 75 33.33

UES: Upper esophageal sphincter.

Table 3  Treatment response based on presence of upper 
esophageal sphincter abnormality

Treatment response No UES abnormality UES abnormality P -value

Favorable 78.57% 12.50% < 0.0001
Poor 21.43% 87.50%

UES: Upper esophageal sphincter.
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dure would have been ideal, but this was not feasible in 
this retrospective setting. Nevertheless, our subjective 
measure was able to reliably demonstrate a significant 
clinical difference.   It is also important to note that this 
study took place at a tertiary care/motility referral cen-
ter. Consequently, the results of  this study may not be as 
generalizable to the general patient population. However, 
the demographics and presentation profile of  our pa-
tient population appear largely similar to those in non-
academic settings.  Lastly, given that UES findings are not 
routinely reported on esophageal manometry studies and 
not formally included in any manometry classification 
systems at this time, it is likely that some studies that were 
interpreted as “normal,” actually had UES abnormalities 
present. Thus, this study may even under-represent the 
true frequency of  UES dysfunction among patients with 
achalasia.

In conclusion, our study illustrates that upper esopha-
geal sphincter abnormalities in patients with achalasia 
have significant value in predicting treatment outcome. 
Our findings not only suggest a direct association be-
tween UES dysfunction and poorer outcomes in this 
population, but additionally provide support for mano-
metic UES evaluation in all patients referred for HREM 
in whom an esophageal motility is suspected. Further, 
large scale studies are needed to determine whether spe-
cific UES abnormalities have additional prognostic value 
and may also clarify the underlying pathophysiologic 
mechanism driving the poorer outcomes seen in our 
study.  Prospective evaluation is also needed to further 
delineate the underlying mechanism and natural history 
of  UES dysfunction in achalasia in order to optimize 
therapeutic treatment modalities. 
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Abstract
Calcification of the pericardium is a relatively rare find-
ing and often has an uncertain etiology. Incidental 
findings of pericardial calcification may increase due to 
widespread application of cardiac computed tomogra-
phy for the assessment of coronary atherosclerosis in 
the appropriate clinical setting using coronary artery 
calcium scoring and/or coronary angiography. Pericar-
dial calcification alone is asymptomatic and is neither 
necessary nor sufficient for the diagnosis of pericar-
dial constriction. Its presence may suggest of diffused 
pericardial scarring and consequently, its pathological 
involvement with pericardial constriction. Calcification 
of the pericardium must be evaluated with full clinical 
knowledge to facilitate an accurate diagnosis and an 
appropriate therapy when required. Our objective is to 
present a case of asymptomatic pericardial calcification 
and to discuss the importance of its clinical implica-
tions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Pericardial calcification is rare but may be 
found more often due to the widespread use of cardiac 
computed tomography for the assessment of coronary 
atherosclerosis. Pericardial calcification can be seen in 
the absence of constrictive physiology and therefore, it 
should be evaluated with full clinical knowledge.
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INTRODUCTION
Calcification of  the pericardium is relatively rare and 
often has an uncertain etiology[1]. Incidental findings of  
pericardial calcification may increase in the asymptomatic 
subjects due to the widespread use of  cardiac computed 
tomography for coronary artery calcium scoring (CACS) 
with and without contrast cardiac computed tomography 
angiography (CCTA) for the assessment of  coronary ath-
erosclerosis. Although detecting pericardial calcification 
may have important clinical implication for confirming 
the diagnosis of  constrictive pericarditis, its presence 
should be evaluated with full clinical knowledge to fa-
cilitate an accurate diagnosis and an appropriate medical 
management when it is required. Avoiding inaccurate 
diagnosis of  constrictive pericarditis based only on the 
presence of  calcium in an asymptomatic subject relieves 
patient’s concern and prevents unnecessary, expensive 
diagnostic testing. 

CASE REPORT
A 58-year-old Caucasian man with hypertension, hy-
perlipidemia but nonsmoker, and no remarkable his-
tory of  heart disease, presented to cardiology clinic for 
cardiovascular risk assessment. He denied chest pain, 



shortness of  breath, palpitation, or dyspnea on exertion. 
He weighed 97 kg with a body mass index (BMI) of  29 
kg/m2. Physical examination revealed a blood pressure 
of  138/85 mmHg, pulse of  59 bpm, and respiration rate 
of  16 breaths per minute. Lungs were clear to ausculta-
tion. There was no jugular venous distention. Normal 
heart sounds, no S3 or S4, no murmurs, and no rubs.  No 
hepatomegaly or extremity edema. Electrocardiography 
(ECG) showed sinus bradycardia with a heart rate of  59 
bpm and RSR’ in V1 (Figure 1). Due to his intermediate 
cardiovascular risk, he underwent non-contrast cardiac 
computed tomography for CACS for further risk stratifi-
cation, which showed a low Agatston score of  25.5. This 
study also revealed an incidental finding of  moderate 
pericardial calcification, mostly involving the anterior and 
inferobasal portion of  the pericardium with no pericar-
dial effusion (Figure 2). Transthoracic echocardiogram 
showed grade Ⅱ left ventricular diastolic dysfunction 
with pseudonormalization pattern, normal valves and 
normal biventricular size and systolic function. Exercise 
ECG stress testing demonstrated no evidence of  exer-
cise-induced myocardial ischemia at adequate heart rate, 
achieving 13 metabolic equivalents. 

DISCUSSION
Calcium deposit does not form in a healthy pericardium, 
but tends to be prominent in the fibrous and scarring 

pericardium in response to inflammation[1]. Historically, 
tuberculosis pericarditis is frequently reported as the 
primary cause of  pericardial calcification. More recent 
cases of  pericardial calcifications have been thought to be 
“idiopathic” and are likely to represent a sequelae of  viral 
pericarditis. Other major known causes include trauma, 
cardiac surgery, radiation, connective tissue diseases and 
malignancy[2]. 

Pericardial calcification alone is asymptomatic. Signs 
and symptoms are secondary to associate processes such 
as constrictive pericarditis, which is typically insidious in 
onset and develops weeks to decades after an episode 
of  pericarditis or chest trauma[3]. Patient usually present 
with  signs and symptoms of  right heart failure or low 
cardiac output including hepatomegaly, ascites, bilateral 
leg edema, exertion dyspnea, orthopnea, fatigue, elevated 
JVP, hepatojugular reflux, Kussmaul’s sign, and pulsus 
paradoxus[2,3]. 

Evaluating patients with symptomatic pericardial cal-
cification or a high suspicion of  constrictive pericarditis 
may involve multiple imaging modalities. Electrocardio-
gram may show decreased QRS voltage and flattened 
T waves[2]. On chest radiographs, calcification may be 
seen as curvilinear opacities follow expected pericardial 
contour located predominantly over right atrium and 
ventricle, diaphragmatic surface, and atrioventricular 
grooves[4,5]. Computed tomography (CT) scan is useful 
to define pericardial disease and to distinguish coronary, 
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Figure 1  Electrocardiogram showed sinus bradycardia 
with a heart rate of 59 bpm and RSR’ in V1.

A B

Figure 2  Non-contrast cardiac computed tomography for coronary artery calcium scoring showed moderate pericardial calcification mostly involving an-
terior (A) and inferobasal (B) portion of the pericardium.



pericardial, myocardial, and intraluminal calcification. 
In many cases of  constrictive pericarditis, CCTA signs 
of  pericardial constriction will be presented and help 
to confirm the diagnosis. This includes global or focal 
pericardial thickening (> 4 mm) or calcification, tube-like 
configuration of  ventricles, narrowing of  atrioventricular 
groove, and sinuous appearance of  the intraventricular 
septum[6]. CCTA scan may also shows enlargement of  
atriums, and enlargement of  SVC (> the diameter of  
descending aorta) and IVC (> twice the diameter of  
descending aorta)[6]. Magnetic resonance imaging can ac-
curately demonstrates pericardial thickening and provides 
additional functional analysis of  constrictive physiology. 
Similarly, echocardiogram may demonstrate pericardial 
thickening or echogenic shadowing from calcium, and 
an enlargement of  one or both atrium, IVC and hepatic 
veins[3]. Respiratory variation of  ≥ 25% of  early mitral 
inflow velocity is a well-recognized echocardiographic 
feature of  constrictive pericarditis, which does not ex-
hibits in those with restrictive cardiomyopathy[7]. Right 
heart catheterization (RHC) provides documentation of  
the hemodynamics of  constrictive physiology and assists 
in discriminating between constrictive pericarditis and 
restrictive cardiomyopathy. RHC demonstrates preserved 
x descent and a prominent y descent, elevated right atrial 
pressure and right ventricular end diastolic pressure. Left 
atrial and left ventricular pressures are usually elevated. 
The equalization of  diastolic pressures of  all chambers 
(within less than 5 mmHg) with impaired diastolic filling 
pattern is a hallmark of  constrictive physiology[3]. In our 
case, pericardial calcification was discovered inciden-
tally without imaging findings suggestive of  constrictive 
physiology. An example illustrating respiratory variation 
of  mitral and tricuspid inflow velocity of  a patient with 
constrictive pericarditis is shown in Figure 3.

The 2010 Appropriate Use Criteria for Cardiac Com-
puted Tomography found that CACS use is appropriate 
in asymptomatic, intermediate-risk CHD patients, and 
this unanimous advocacy by the American College of  
Cardiology Foundation could have a significant impact 

on therapeutic decision-making and intervention[8].  In 
our case, pericardial calcification was discovered inciden-
tally on non-contrast cardiac CT for CACS for further 
coronary artery risk stratification. Our patient has an in 
intermediate 10-year risk (17%) for hard CHD events 
such as myocardial infarction and CHD death, using the 
Framingham risk scoring[9]. As detailed in the 2010 ACC/
AHA Guideline for assessment of  cardiovascular risk in 
asymptomatic adults, CACS use is appropriate for evalu-
ating this patient’s elevated risk for future cardiovascular 
events[10]. Ultimately, the goal of  our assessment is to re-
fine targeted preventative efforts based on patient risk.

Although detecting and recognizing pericardial calcifi-
cation on chest radiography and other imaging modalities 
such as CT, and echocardiography may have important 
clinical implications, it requires further investigations and 
multimodal cardiac imaging in expediting the diagnosis. 
Pericardial calcification is thought to occur after extensive 
scarring of  the pericardium, and the fibrotic change in 
the pericardium may produce pericardial constriction. 
However, asymptomatic pericardial calcifications may be 
increasingly encountered by the use of  cardiac computed 
tomography[1,11]. In a study of  1812 consecutive patients 
underwent electron-beam tomography for CACS, Hu-
nold et al[12] found that approximately 1% (17/1812) had 
pericardial calcification without sign of  pericardial con-
striction on the echocardiogram. Approximately 30% of  
patients with calcified pericardium may have signs and 
symptoms of  constrictive pericarditis, and up to 50% of  
patients with constrictive pericarditis demonstrate peri-
cardial calcification on plain chest radiographs[1,5]. Hence, 
the absence of  calcification does not exclude constrictive 
pericarditis.

Due to the increase use of  CACS and CCTA for the 
assessment of  coronary atherosclerosis, incidental find-
ings of  pericardial calcification may become increasingly 
apparent, with or without significant clinical implications. 
The presence of  pericardial calcification may suggest of  
diffused pericardial scarring and raises concerns for sec-
ondary associated processes and complications such as 
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Figure 3  Apical four chamber view of transthoracic echocardiogram and pulse wave Doppler’s recording. A: Tricuspid valve inflow in a patient with constrictive 
pericarditis; B: Mitral valve inflow in a patient with constrictive pericarditis. Note with inspiration, the E-wave velocity of mitral valve inflow decreases significantly. This 
reflects the hemodynamic changes in constrictive pericarditis, resulting from the lack of intrathoracic pressure transmission to the cardiac chambers and the exagger-
ated ventricular interdependence.
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pericardial constriction.  However, a thickened pericardi-
um or calcification per se is not diagnostic of  constrictive 
pericarditis. Pericardial constriction can occur without 
pericardial thickening or calcification, and calcification 
can be seen in the absence of  constrictive physiology. If  
constriction is strongly suggested on clinical contexts, it 
should only be undertaken after careful consideration to 
establish or exclude the diagnosis. Calcification of  the 
pericardium must be evaluated with full clinical knowl-
edge to facilitate an accurate diagnosis and an appropriate 
therapy when required. 

COMMENTS
Case characteristics
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cardial calcification.
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Pericardial calcification with and without constrictive pericarditis.
Treatment
Monitoring for signs and symptoms of pericardial constrictions is sufficient for 
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Related reports
Incidental pericardial calcification is rare but may become more apparent due to 
the widespread application of cardiac computed tomography.
Experiences and lessons
Calcification of the pericardium must be evaluated with full clinical knowledge to 
facilitate an accurate diagnosis and an appropriate therapy when required.
Peer review
Pericardial calcification is an occasional finding in patients undergoing comput-
ed tomography (CT) scan for coronary artery assessment or calcium score. Its 
clinical meaning remains unsettled and unless causing pericardial constriction, 
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Abstract
Iliopsoas abscess (IPA) is an uncommon infection. The 
clinical presentation is usually insidious. Most patients 
present with nonspecific symptoms, leading to difficulty 
in prompt and accurate diagnosis. Delay in diagnosis 
can lead to complications, such as sepsis and death. 
Tattooing has become more popular over the recent 
years and has been associated with tattooing-related 
and blood-borne infections. We present two related 
cases of methicillin-resistant Staphylococcus aureus IPA 
after tattooing and review the epidemiology, etiology, 
clinical features, and management of IPA.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Iliopsoas abscess; Methicillin-resistant 
Staphylococcus aureus; Intravenous drug abuse; Tat-
tooing; Primary iliopsoas abscess; Secondary iliopsoas 
abscess

Core tip: Iliopsoas abscess (IPA), a collection of pus in 
the iliopsoas compartment, is classified as primary or 
secondary depending on the source of infection. While 
immunocompromise and intravenous drug abuse are 
the most common known risk factors for primary IPA, 
tattooing may represent a novel risk factor as well. 
We present two related cases of methicillin-resistant 

Staphylococcus aureus IPA after tattooing and review 
the epidemiology, etiology, clinical features, and man-
agement of IPA. Maintaining a high clinical suspicion for 
this condition in patients with risk factors is important 
for prompt and accurate diagnosis and prevention of 
complications, such as sepsis and death. 

Gulati S, Jain A, Sattari M. Tattooing: A potential novel risk fac-
tor for iliopsoas abscess. World J Clin Cases 2014; 2(9): 459-462  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i9/459.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i9.459

INTRODUCTION
Iliopsoas abscess (IPA) is a collection of  pus in the ilio-
psoas compartment[1]. The unique anatomy of  the psoas 
muscle predisposes it to infections by both direct exten-
sion and hematogenous spread[2]. The close proximity of  
the psoas muscle to sigmoid colon, jejunum, appendix, 
ureters, aorta, renal pelvis, pancreas, iliac lymph nodes, 
and spine makes it susceptible to contiguous spread of  
infections from these organs[3]. The abundant vascular 
supply of  the muscle predisposes it to hematogenous 
spread of  infections from occult sites[4]. The insidious 
onset and occult characteristics of  IPAs can cause diag-
nostic delays and result in high mortality and morbidity[2]. 

CASE REPORT
A 48-year-old female with past medical history of  gas-
troesophageal reflux disease and migraines presented 
with 4 d of  abdominal and back pain, dysuria, nausea, 
and vomiting. She denied alcohol use, but admitted to 
cigarettes (34 pack-years) and previous intravenous (IV) 
drugs (most recent use 2 mo prior to presentation). Vitals 
included temperature of  98.3 degrees Fahrenheit, heart 
rate 103 beats per minute, blood pressure 138/84 mmHg, 
and respiratory rate 28 per minute. Physical exam was un-
remarkable. Laboratory data revealed a white blood cell 
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count (WBC) of  34.6 × 103 cells per microliter, 92.8% 
neutrophils, 2% bands, hemoglobin of  12.4 g per decili-
ter, sodium of  135 mmol per liter, chloride of  97 mmol 
per liter, blood urea nitrogen (BUN) of  19 mg per deci-
liter, AST of  53 IU per liter, and ALT of  42 IU per liter. 
Urinalysis revealed cloudy urine with pH of  5.5, specific 
gravity of  > 1.030, > 25 squamous epithelial cells, 11-17 
WBC, 9-15 red blood cells, moderate bacteria, positive 
nitrites, negative leukocyte esterase, 2+ bilirubin, and 
3+ urine protein, blood, and ketones. Urine toxicology 
screen was positive only for tricyclic antidepressants. Vi-
ral hepatitis panel was positive for Hepatitis C antibody. 
Human immunodeficiency virus (HIV) serology was 
negative. Initial blood gram stain revealed gram positive 
cocci in clusters, blood cultures grew methicillin-resistant 
Staphylococcus aureus (MRSA), and urine culture remained 
negative. Vancomycin was initiated.

Transthoracic echocardiogram did not show evidence 
of  endocarditis. Computed tomography (CT) of  abdo-
men and pelvis with IV contrast revealed abscess forma-
tion in the left posterior paraspinal muscles with retro-
peritoneal extension along the left iliopsoas and pelvis 
(Figure 1). Follow-up magnetic resonance imaging (MRI) 
of  lumbar spine with and without contrast showed epidu-
ral abscess spanning the lumbar spine along the anterior 
epidural compartment (from T12 to S1), a small epidural 
abscess in the left posterolateral epidural compartment 
in the sacrum, left psoas abscess, left retroperitoneal ab-
scess, left paraspinal abscess, a tiny intra psoas abscess on 

the right, and inflammatory changes in the right posterior 
paraspinal muscles without an associated abscess (Figure 
1). Neurosurgery did not recommend surgical interven-
tion. Interventional radiology performed CT-guided 
aspiration of  the left paraspinal and left psoas abscesses, 
draining 14 and 15 milliliters of  purulent material, which 
grew MRSA.

Interestingly, patient’s husband was also admitted to 
the same hospital at the same time and diagnosed with 
IPA due to MRSA. Our patient gave further history that 
her husband had used the same ink and equipment to 
tattoo his own arm and her back (Figure 2). Shortly af-
terwards, he had developed a superficial infection at his 
tattoo site which resolved prior to admission. Of  note, 
comparison of  MRSA isolated from our patient and 
her husband revealed identical sensitivities to antibiot-
ics, suggesting the same strain (Table 1). Our patient was 
eventually discharged with outpatient IV antibiotics. At 
discharge, she was stable and afebrile with negative blood 
cultures and normal WBC.

DISCUSSION
IPA is an uncommon infection[5]. There are two types of  
IPA: primary and secondary[2]. Primary IPAs are caused 
by hematogenous or lymphatic spread of  bacteria, usually 
from occult distant sources[4]. While Staphylococcus aureus 
is responsible for the majority of  primary IPAs[6], infec-
tions from other organisms such as Streptococci, Escherichia 
coli, Enterobacter, and Salmonella have also been reported[7,8]. 

Risk factors for primary IPAs include IV drug use 
(IVDU), HIV/acquired immune deficiency syndrome, 
active malignancy, diabetes mellitus, receipt of  steroids or 
chemotherapy, and renal failure[2,5]. Secondary IPAs result 
from local extension of  adjacent sources of  infection[5]. 
Risk factors for secondary IPAs include inflammatory or 
neoplastic diseases of  the bowel, kidney, and spine, such 
as crohn’s disease, appendicitis, spinal pathology, trauma, 
or instrumentation in the groin, lumbar, or hip areas[3,4]. 
While secondary IPAs caused by Staphylococcus aureus have 
been reported[5], they are thought to be predominantly 
caused by enteric organisms, such as Escherichia coli, En-
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Figure 1  Above: left iliopsoas abscess on contrast-enhanced computed 
tomography scan, below: epidural abscess on magnetic resonance imag-
ing.

Figure 2  Home-made tattoo placed on the patient’s back by her husband 
with shared equipment.

Left lliopsoas abscess

Epidural abscess



terobacter, Klebsiella, Streptococcus, Bacteroides, and Salmonella[3]. 
The clinical presentation of  IPA is often variable. 

Symptoms are non-specific and include pain in back, 
abdomen, flank, hip, or thigh, as well as fever, limp, mal-
aise, nausea, weight loss, and lump in the groin[2]. These 
unusual clinical features and subacute or chronic nature 
of  symptoms may lead to delay in diagnosis[9]. Laboratory 
investigations may reveal leukocytosis, anemia, elevations 
in C-reactive protein, erythrocyte sedimentation rate, and 
BUN, as well as positive blood cultures[8,10]. While CT is 
considered the gold standard for definitive diagnosis[11], 
use of  MRI has also been advocated because of  better 
discrimination of  soft tissues and the ability to visualize 
the abscess wall and surrounding structures without an 
intravenous contrast medium[12,13]. Characteristic radio-
graphic features include focal hypodense lesion(s) within 
the psoas muscle, presence of  gas within the muscle, and 
CT enhancement of  the rim of  the abscess with con-
trast[11]. In addition to confirming diagnosis of  an IPA, 
imaging studies can demonstrate co-existing causative 
retro- or intra-peritoneal disease in secondary IPA[11]. 

Once IPA is diagnosed, treatment involves the use of  
appropriate antibiotics and drainage of  the abscess[2]. If  
primary IPA is suspected, antibiotics with staphylococcal 
coverage should be selected[14]. In secondary IPA, broad 
spectrum antibiotics with both aerobic and anaerobic 
coverage should be considered[15]. Antibiotic therapy can 
subsequently be tailored to the results of  the abscess 
fluid culture and sensitivity. Drainage of  the abscess may 
be done percutaneously or surgically[2]. CT -guided percu-
taneous drainage is less invasive and has been proposed 
as the draining method of  choice[16]. Surgical interven-
tion for drainage can be considered in cases of  failure of  
percutaneous drainage, multiloculated abscesses, inability 
or contraindication to undergo percutaneous drainage, or 

presence of  surgical indication for another intra-abdomi-
nal pathology[2,17]. 

In our patient, radiological investigations led to the di-
agnosis, which was later confirmed by microbiological re-
ports. While our patient was diagnosed with primary IPA, 
she did not have evidence of  associated risk factors, such 
as HIV or active malignancy. Both she and her husband 
denied IVDU in the previous two months. Interestingly, 
there has been a previous case report of  a patient devel-
oping IPA two months after cessation of  IVDU[6]. How-
ever, our patient and her husband also reported sharing 
the same equipment for home-made tattoos. The identi-
cal antibiotic sensitivities of  both patients’ MRSA strain 
as well as the reported superficial infection of  husband’
s tattoo site prior to developing IPA suggest that tattoo-
ing might have been the etiology of  IPA development in 
these 2 cases. While the temporal relationship as well as 
biological plausibility makes this a possibility, we cannot 
confirm a causal relationship since we did not phenotype 
the MRSA strains or obtain environmental sampling (e.g., 
culture of  the tattooing equipment). 

This potential risk factor for IPA is important to rec-
ognize as tattooing has become more popular over the 
recent years. In 2012, 21% of  adults in the United States 
had one or more tattoos, compared to 14% in 2008[18]. 
There have been reports of  outbreaks of  tattooing-
related infections, including mycobacterial and MRSA 
infections from contaminated ink[18-20]. Tattooing is also 
associated with blood-borne infections such as Hepatitis 
C, independent of  IVDU or blood transfusions prior to 
1992[20]. It is conceivable that tattooing with potentially 
contaminated equipment caused transient bacteremia in 
our patient and her husband, leading to MRSA IPA. To 
our knowledge, IPA secondary to tattooing has not been 
reported in the literature. This case report demonstrates 
importance of  recognition of  tattooing as a possible risk 
factor for IPA, which along with maintaining a high clini-
cal suspicion and meticulous clinical examination, can 
lead to prompt diagnosis, timely initiation of  treatment, 
and reduction of  morbidity and mortality.

COMMENTS
Case characteristics
A 48-year-old female presented with abdominal and back pain, nausea, and 
vomiting. Physical exam revealed fever, tachycardia, and tachypnea. 
Differential diagnosis 
An inflammatory or infectious process involving the gastrointestinal (e.g., chole-
cystitis) or genitourinary system (e.g., pyelonephritis). 
Laboratory diagnosis
Labs were only remarkable for leukocytosis, elevated BUN, mild transaminitis, 
and abnormal urinalysis. 
Imaging diagnosis
Computed tomography (CT) of abdomen and pelvis with IV contrast revealed 
iliopsoas abscess (IPA). CT-guided aspiration of the IPA drained purulent 
material, which grew methicillin-resistant Staphylococcus aureus. Patient was 
treated successfully with a prolonged course of intravenous vancomycin.
Peer review
Very well documented. Excellent diagnostic approach and treatment. Important 
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Table 1  Antibiotic sensitivities of methicillin-resistant 
staphylococcus aureus isolated from iliopsoas abscesses of 
both the wife (Patient 1) and the husband (Patient 2) reveal 
identical strains

Antibiotic Patient 1 Patient 2

Ciprofloxacin Resistant Resistant
Clindamycin Sensitive Sensitive
Daptomycin Sensitive Sensitive
Erythromycin Resistant Resistant
Gentamicin Sensitive Sensitive
Inducible Clindamycin Sensitive Sensitive
Levofloxacin Intermediate Intermediate
Linezolid Sensitive Sensitive
Minocycline Sensitive Sensitive
Moxifloxacin Sensitive Sensitive
Oxacillin Resistant Resistant
Penicillin Resistant Resistant
Rifampin Sensitive Sensitive
Synercid Sensitive Sensitive
Tetracycline Sensitive Sensitive
Tigecycline A Sensitive Sensitive
Trimethoprim/Sulfamethoxazole Sensitive Sensitive
Vancomycin Sensitive Sensitive

 COMMENTS
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description of potential risks from the tattooing process, expecially when strict 
antiseptic measures are not followed.
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Abstract 
The objective of this study is to increase awareness of 
the rare presentation, diagnostic difficulties and man-
agement of glomus tympanicum of the middle ear. A 49 
years old male, with a background of hypertension and 
epilepsy, presented with a two month history of left sid-
ed conductive hearing loss, pulsatile tinnitus and head-
ache. Clinically and radiologically a diagnosis of glomus 
tympanicum was made. Intraoperatively, extensive os-
teogenesis of the middle ear resulting in ossicular fixa-
tion and erosion was found. This patient required a two 
stage operation for full clearance of disease. A stape-
dectomy drill was used to drill off the bony overgrowth 
surrounding the ossicles resulting in improved hearing 
thresholds and full clearance of the disease at two year 
follow up. Glomus tympanicum can result in new bone 
formation in the middle ear with resultant ossicular 
fixation and conductive hearing loss. This can be effec-
tively treated surgically with restoration of hearing. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Glomus; Tympanicum; Osteogenesis; con-
ductive hearing loss
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Core tip: Glomus tympanicum can result in new bone 
formation in the middle ear with resultant ossicular 
fixation and conductive hearing loss. This can be ef-
fectively treated surgically with restoration of hearing. 
We describe this previously unreported presentation 
of glomus tympanicum in the world literature (with 
reactive osteogenesis and resultant severe conductive 
hearing loss). We therefore believe our findings would 
be of interest to the readers of your journal and raise 
awareness of this as a differential diagnosis which may 
be under-recognised.

Kumar G, Andreou Z, Virk JS, Owa A. Unusual presentation of 
glomus tympanicum tumour: New bone formation in the middle 
ear. World J Clin Cases 2014; 2(9): 463-465  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i9/463.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i9.463

INTRODUCTION
Glomus tumours or paragangliomas are benign neo-
plasms that arise from paraganglionic tissue throughout 
the body with glomus tympanicum being the most com-
mon primary soft tissue tumour arising in the middle 
ear[1,2]. The paraganglionic system is a collection of  cells 
derived from the neural crest and are found in the auto-
nomic nervous system. They act as a source of  catechol-
amines before the development of  the adrenal medulla. 
The term “glomus” is a historical misnomer which was 
applied to these tumors before a true understanding of  
the characteristics of  these tumors was understood. Ex-
tra-adrenal or craniocervical paraganglioma are distribut-
ed along the arteries and cranial nerves in head and neck 
region. Craniocervical paragangliomas can be broadly 
classified into temporal and vagal. 

Temporal paragangliomas commonly arise from 
“paraganglion cells” along the course of  Jacobson’s nerve 



or Arnold’s nerve[2]. They present as a soft tissue mass in 
the middle ear cavity which is often visible on otoscopy. 
Patients classically complain of  pulsatile tinnitus and con-
ductive hearing loss although depending on the extent of  
the disease they can experience imbalance, facial nerve 
palsy, otorrhoea or endocrine symptoms if  the tumour is 
releasing catecholamines[3]. These clinical features lead to 
a need for further radiological investigations in the form 
of  computed tomography and magnetic resonance imag-
ing of  the temporal bones to confirm the likely diagnosis 
and assess severity. A 24 h urine collection should be 
performed and analysed for vanillylmandelic acid (VMA) 
levels to determine whether indeed the lesion is endo-
crine-active[1-3].

We present a rare variant of  a glomus tympanicum 
tumour that induced extensive osteogenesis in the middle 
ear causing severe conductive hearing loss secondary to 
ossicular fixation and erosion. 

CASE REPORT
A 49 years old male presented to otolaryngology out-
patient department with a 2 mo history of  left-sided 
“throbbing” earache. He also complained of  pulsatile 
tinnitus and worsening left sided hearing loss. His general 
practitioner initially diagnosed him with otitis externa and 
when his symptoms failed to improve he was referred for 
further specialist management. His past medical history 
included epilepsy and hypertension.

Examination revealed a red mass arising from behind 
his tympanic membrane in the attic area and a diagnosis 
of  glomus tympanicum was suspected although the posi-
tion of  the lesion was slightly unusual for a glomus. A 
pure tone audiogram revealed a mild conductive deafness 
of  20db especially on high frequencies. A computed tom-
ography (CT) scan of  his temporal bone revealed a non-
gravity dependent opacification with bony erosion and 
24 h urine collection did not show elevated VMA levels 
indicating a non-secretory glomus tumour.

Multidisciplinary team and patient choice resulted in 
surgical management of  this lesion. Intraoperatively, after 
exposing the middle ear, apart from inflamed mucosa 
there was no obvious soft tissue mass found. There was 
however a bony growth arising from the medial wall of  
the middle ear and extending between the incus and mal-
leus handle encasing the anterior crura of  stapes (Figure 
1). After careful dissection the extra bone was peeled of  
the ossicles and sent for histology leaving the ossicular 
chain intact. The patient made a very good recovery and 
his conductive hearing loss improved with closure of  
the air-bone gap to 5db. Histology revealed thickened 
and sclerotic bone. The intervening connecting tissue 
traversing the bone was infiltrated by tumour consisting 
of  hyperchromatic cells with rich vascular stroma and no 
signs of  atypia or mitosis. A diagnosis of  benign glomus 
tumour was made.

During follow up, (ADD COMMA) despite an initial 
mild improvement in his hearing, the patient developed 

a worsening conductive hearing loss with thresholds of  
60-70db across most frequencies. Computed tomog-
raphy imaging, 18 mo after his initial operation, (ADD 
COMMA) suggested recurrent disease and the patient 
required revision surgery. 

Intra-operatively a recurrent bony overgrowth was 
identified which this time had encased the stapes super-
structure and was causing malleo-incudal fixation. The 
disease could not be removed with a curette and so a 
stapedectomy drill was used to drill the overgrowth off  
the stapes superstructure. The malleus and incus were 
sacrificed and the ossicular chain was reconstructed with 
conchal cartillage. Histology once again demonstrated 
bone overgrowth with intervening tumour cells. The pa-
tient made a very good recovery and he has a sustained 
improved hearing of  40db two years postoperatively.

DISCUSSION
Glomus tumours are fairly rare with an incidence of  
around 1 per 1 million[4].  They are usually hypervascu-
lar tumours that arise within the jugular foramen of  the 
temporal bone[1-4]. They characteristically present with 
conductive hearing loss and a pulsatile tinnitus as demon-
strated in our case. Histologically, chief  or granular cells 
(Type I) and sustentacular cells or satellite cells (Type II) 
are present in glomus tumours[2]. Management is depen-
dent on the tumour extent and the patient’s fitness with 
the mainstay being surgery and radiotherapy[1-4]. Small 
tumours can be accessed via a transcanal approach with 
larger ones necessitating a post-auricular approach with 
mastoid exploration. The tumour is commonly a highly 
vascular soft tissue lesion which may require pre-opera-
tive embolization.

Bony overgrowth over a glomus tumour has not been 
previously reported in the world literature and as such 
represents a new clinical entity. The only other incidence 
of  bone in the middle ear associated with a glomus tu-
mour was reported by Yanagisawa et al[5], where a glomus 
tumour coexisted with otosclerosis in a patient. However, 
our patient did not show any histological features of  
otosclerosis in that his conductive hearing loss was unilat-
eral, his ossicular chain was mobile after resection of  the 
extra bone in the middle ear and his hearing improved 
post-operatively without the need for a stapes prosthesis. 
Furthermore, histology from the bone overgrowth con-
firmed glomus tumour cells intervening the bony over-
growth. All Fisch class Ⅰ mesotympanic paragangliomas 
involve careful resection of  tumour around the ossicles. 
We cleared osteogenesis around the stapes suprastructure 
using a stapedectomy drill, thus improving upon the in-
cumbent conductive hearing loss. Another management 
option available in such cases would be removal of  the 
glomus along with stapes suprastucture and reconstruct-
ing hearing using a total ossicular replacement prosthesis. 
Our treatment option, of  drilling the bone around the 
ossicular chain and in particular the stapes, with a sta-
pedectomy drill, proved successful in terms of  hearing 
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restoration (whilst ensuring tumour removal) and we pro-
pose this as a treatment modality for such rare cases.  

In conclusion: (1) Glomus tumours or paraganglio-
mas are rare tumours arising from paraganglionic tissue; 
(2) Glomus tympanicum tumours are the commonest 
soft tissue tumour of  the middle ear; (3) These lesions 
typically present with pulsatile tinnitus and hearing loss; 
(4) A new clinical entity of  osteogenesis in the middle ear 
is described - leading to ossicular fixation and erosion; 
and (5) Bony overgrowth can be managed by careful dis-
section off  the ossicles or by use of  a stapedectomy drill, 
resulting in improved hearing thresholds.

COMMENTS
Case characteristics
A 49 years old male with a two month history of left sided conductive hearing 
loss, pulsatile tinnitus and headache.
Clinical diagnosis
Examination revealed a red mass arising from behind his tympanic membrane 
in the attic area with an associated mild conductive deafness.
Differential diagnosis
Differentials included glomus tympanicum although the mass was unusually 
located meaning cholesteatoma, schwannoma and meningioma remained pos-
sible.
Laboratory diagnosis
Twenty-four hour urine collection did not show elevated VMA levels indicating a 
non-secretory glomus tumour.
Imaging diagnosis
Computed tomography scan of his temporal bone revealed a non-gravity de-
pendent opacification with bony erosion.
Pathological diagnosis
Histology revealed thickened and sclerotic bone with intervening connecting tis-
sue traversing the bone infiltrated by tumour consisting of hyperchromatic cells 
with rich vascular stroma and no signs of atypia or mitosis, leading to a diagno-
sis of benign glomus tumour.

Treatment
Surgical excision with drilling of newly formed bone and reconstruction of hear-
ing mechanism.
Related reports
Glomus tumours are rare, hypervascular tumour that arises within the jugular 
foramen of the temporal bone. New bone formation in the middle ear has not 
previously been reported in the world literature. 
Term explanation
VMA is Vanillylmandelic Acid, a metabolic by-product of norepinephrine and 
epinephrine. 
Experiences and lessons
Glomus tympanicum can result in new bone formation in the middle 
ear with resultant ossicular fixation and conductive hearing loss which 
can be effectively treated surgically with restoration of hearing.
Peer review
The manuscript reports a clinical case about glomus tympanicum 
tumour related bone formation in middle ears leading to conductive 
hearing loss.
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Figure 1  Microscopic intraoperative view of mesotympanum.
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Abstract
A 75-year-old male patient had stable angina pectoris. 
After coronary angiography we decided to perform a 
coronary artery bypass graft surgery. Twenty years ago 
the patient underwent radical cystectomy and bilat-
eral ureterosigmoidostomy because of bladder cancer. 
After that, his micturition was via the rectum. We did 
not experience that before. As is known, monitoring 
of urine output is very important after cardiac surgery. 
The patient was consulted with an urologist for how to 
monitor urine output in him. Transrectal catheterization 
was recommended for our follow-up, but before the 
catheterization bowel cleansing is necessary. Four-ves-
sel on-pump coronary artery bypass graft surgery was 
performed without any problem. Peroperative urine vol-
ume and arterial blood gas results were normal. Urine 
output is a sensitive variable reflecting the patient’s 
effective blood volume and tissue perfusion. Urinary 
catheterization is a standard for all cardiac surgeries, 
and it allows the patients’ urine to drain freely from 
the bladder for collection. Monitoring of urine output 
in patients with ureterosigmoidostomy is impossible by 
standard urinary catheterization method. In this case 

we performed transrectal catheterization for Urine flow 
follow-up. Urine flow follow-up is essential after the 
open-heart surgery and it can be measured in different 
ways, as in our case.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Open heart surgery; Urine output follow-
up; Catheterization; Ureterosigmoidostomy; Coronary 
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Core tip: With this case, we had experience that we 
can monitor urine output in different ways rather than 
urethral catheterization such as catheterization in a 
transrectal way that we had to do in a patient who had 
ureterosigmoidostomy.

Haberal I, Ozsoy D, Sipahi E, Mert M. Coronary artery bypass 
graft surgery in a patient with ureterosigmoidostomy. World J 
Clin Cases 2014; 2(9): 466-468  Available from: URL: http://
www.wjgnet.com/2307-8960/full/v2/i9/466.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i9.466

INTRODUCTION
Urine output is a sensitive variable reflecting the patient’
s effective blood volume and tissue perfusion[1]. Urinary 
catheterization is a standard for all cardiac surgeries, and 
it allows the patients’ urine to drain freely from the blad-
der for collection. Monitoring of  urine output in patients 
with ureterosigmoidostomy is impossible by standard uri-
nary catheterization method. We could not find any such 
case report in the literature. Hence we decided to write 
this case report to explain how we can monitor urine out-
put and which complications may occur after coronary 
artery bypass graft surgery operation in patients with ure-
terosigmoidostomy.
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CASE REPORT
A 75-year-old male patient had stable angina pectoris. Af-
ter coronary angiography we decided to perform a coro-
nary artery bypass graft surgery. Preoperative laboratory 
tests were normal. Twenty years ago the patient under-
went radical cystectomy and bilateral ureterosigmoidos-
tomy because of  bladder cancer (Figure 1). His urologist 
confirmed that, he was fully cured after this surgery. 
After that, his micturition was via the rectum. We did not 
experience that before. As is known, monitoring of  urine 
output is very important after cardiac surgery. The patient 
was consulted with an urologist for how to monitor urine 
output in him. Transrectal catheterization was recom-
mended for our follow-up, but before the catheterization 
bowel cleansing is necessary. After this recommendation 
we performed a high enema the night before the opera-
tion. A 24F urinary catheter was applied in a transrectal 
way as much as possible to the distal end. A 24F Foley 
urethral catheter with a 30 cc balloon was inflated to 50 
cc in order to minimize the chance that the catheter will 
be pulled down through the sigmoid colon and then we 
could monitor urine output by this method perfectly. 
Four-vessel on-pump coronary artery bypass graft sur-
gery was performed without any problem. Peroperative 
urine volume and arterial blood gas results were normal. 
The patient had respiratory problems postoperatively but 
hemodynamic parameters were normal. Third generation 
cephalosporins were used to prevent possible urosepsis 
during the catheterization. During the catheterization the 
patient was not fed via the enteral route. Urine flow was 
followed for three days until hemodynamic stability was 
achieved. The catheter was removed three days after the 
operation and the patient was transferred from intensive 
care unit to the ward four days after the operation. The 
patient was discharged from hospital nine days after the 
surgery without any problem.

DISCUSSION
Monitoring of  urine output could improve the clinical 
management of  cardiac patients and enable clinicians to 
early recognition of  volume status, cardiac output and 
kidney injury. A urinary catheter is inserted preoperatively 
in the operation room and kept in place for a minimum 

of  24-48 h to monitor hourly urine flow. Catheterization 
is difficult in some patients such as those with prostatic 
hypertrophy. In some cases, consideration should be 
given to use of  a trocar–introduced suprapubic catheter 
in adults, rather than a urethral catheter. Our patient was 
operated 20 years ago because of  bladder cancer. Today, 
orthotopic urinary diversion is an essential component of  
the surgical procedure after cystectomy. Replacement with 
an orthotopic ileal neobladder should be the first choice if  
external urethral sphincter sparing surgery is possible, of-
fering good long-term function, quality of  life and patient’
s acceptance with few complications[2,3]. However in our 
case, radical cystectomy and bilateral ureterosigmoidos-
tomy were performed because of  bladder cancer. Patients 
undergoing this procedure must be closely monitored for 
the development of  hyperchloremic acidosis. This will oc-
cur in the majority of  instances, and it is wise to initiate a 
bicarbonate replacement program at the outset[4]. After the 
coronary artery bypass graft surgery, apparent acidosis did 
not occur at the postoperative arterial blood gas follow-
up, and this may be because ureterosigmoidostomy was 
performed 20 years ago. Obviously, all of  such patients 
have exposure of  the urinary tract to fecal flora. Most 
authors would advocate chronic antibacterial agent admin-
istration in all patients[5]. Third generation cephalosporins 
were used in our case to prevent possible urosepsis during 
the catheterization. Because of  the definite concern for 
the occurrence of  rectal cancer some 5 to 50 years (average 
21 years) after ureterosigmoidostomy[6], it is suggested that 
patients with long-term ureterosigmoidostomy be sub-
jected to annual colonic investigation. His urologist con-
firmed that he was fully cured after radical cystectomy and 
bilateral ureterosigmoidostomy. At colonoscopic investiga-
tions we could not determine any pathological results. In 
this case, paying particular attention to a few details both 
preoperatively and postoperatively, coronary artery bypass 
graft surgery was performed without any problem.

In conclusion, urine flow follow-up is essential after 
the open-heart surgery and it can be measured in differ-
ent ways, as in our case.

COMMENTS
Case characteristics
A 75-year-old male patient with a history of ischemic heart disease presented 
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Figure 1  Bilateral ureterosigmoidostomy revealed by an 
abdominal computed tomographic scan.Sigmoidcolon Left ureter

Sigmoidcolon

Right ureter
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with dispnea and angina.
Clinical diagnosis
Scar to inspection over suprapubic area.
Differential diagnosis
Aortic dissection, pericarditis, and pneumothorax.
Laboratory diagnosis
Hematologic and metabolic panels were normal.
Imaging diagnosis
Coronary angiography revealed multi-vessel coronary artery disease and com-
puted tomography scan showed bilateral ureterosigmoidostomy.
Pathological diagnosis
Coronary artery disease with radical cystectomy and bilateral ureterosigmoidos-
tomy operation because of bladder cancer.
Treatment
Four-vessel on-pump coronary artery bypass graft surgery was performed with-
out any problem.
Related reports
Catheterization is difficult in some patients such as those with prostatic hyper-
trophy. In some cases, consideration should be given to use of a trocar–intro-
duced suprapubic catheter in adults, rather than a urethral catheter.
Term explanation
Ureterosigmoidostomy is not widely used in patients with bladder cancer. 
Nowadays, orthotopic urinary diversion is an essential component of the surgi-
cal procedure after cystectomy.
Experiences and lessons
Urinary output can be monitored transrectally in patients with ureterosigmoidos-
tomy. 

Peer review
Authors describe the case of a patient undergoing CABG who had undergone 
radical cystectomy with ureterosigmoidostomy. Monitoring urine output is 
important in these patients, which was performed using a Foley catherther  in 
the colon after bowel cleaning in this case. It is an unusual interesting clinical 
dilemma with good discussion.
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Abstract
Toxic epidermal necrolysis (TEN) is a severe adverse 
drug reaction, which is characterized by erythema, 
blisters, and/or erosions of the mucous membranes 
and skin, but intestinal involvement is rare. In con-
trast, pneumatosis cystoides intestinalis (PCI) is a rare 
condition associated with a wide variety of underlying 
diseases, but to date no patient has presented with PCI 
associated with TEN. A 55-year-old man was admitted 
to intensive care unit for treatment of TEN caused by 
phenobarbital. On day 8 after admission, he presented 
with progressive abdominal distention and hypotension. 
Computed tomography (CT) showed gas in the supe-
rior mesenteric vein and air filled cysts in the walls of 
the small intestine. He was suspected of having septic 
shock due to PCI. As there were no indications of bowel 
ischemia or necrosis, the patient was managed conser-
vatively with antibiotics and oxygen therapy. On day 10 
after admission, he was weaned off catecholamines, 
with CT on day 11 showing complete resolution of gas 
in the superior mesenteric vein and air filled cysts. To 
our knowledge, this article describes the first patient 

presenting with PCI associated with TEN.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Toxic epidermal necrolysis; Intestinal in-
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Core tip: Toxic epidermal necrolysis is a severe adverse 
drug reaction, which affects skin and mucosa of whole 
body. However, intestinal involvement is rare docu-
mented. We report the case of a 55-year-old man with 
toxic epidermal necrolysis caused by phenobarbital. He 
was diagnosed with pneumatosis cystoides intestinalis 
during the clinical course. Although septic shock was 
accompanied, conservative treatment was effective. To 
our knowledge, this article describes the first patient 
presenting with pneumatosis cystoides intestinalis as-
sociated with toxic epidermal necrolysis.

Yao SY, Seo R, Nagano T, Yamazaki K. Pneumatosis cystoides 
intestinalis associated with toxic epidermal necrolysis: A case 
report. World J Clin Cases 2014; 2(9): 469-473  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i9/469.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i9.469

INTRODUCTION
Toxic epidermal necrolysis (TEN) is a rare but potentially 
fatal condition often caused by adverse drug reactions. 
TEN is characterized by high fever, widespread blistering 
of  the exanthematous macules and atypical target-like 
lesions of  the skin, as well as mucosal involvement. How-
ever, there have been few reports of  intestinal involve-
ment of  TEN[1].

Pneumatosis cystoides intestinalis (PCI) is a rare con-
dition, in which submucosal or subserosal gas cysts are 
found in the walls of  the small and/or large intestines. 
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The pathogenesis of  PCI remains unclear, and the role 
of  emergency surgical intervention in patients with PCI 
accompanied by portal vein gas or peritoneal irritation 
remains controversial.

We describe here a patient with PCI encountered dur-
ing the clinical course of  TEN, with the former condi-
tion successfully treated by conservative management. To 
our knowledge, this is the first such patient described to 
date.

CASE REPORT
A 55-year-old man with a previous medical history of  
alcohol-induced epilepsy presented to our dermatology 
department with complaints of  fever and a rapidly evolv-
ing rash over his face and trunk. He had been taking two 
antiepileptic agents, carbamazepine and phenobarbital, 
for one month. Drug induction was suspected, and oral 
antihistamine and steroids were started after discontinua-
tion of  the antiepileptics.

Despite this treatment, the rash did not improve, 
spreading to his back, arms, and legs after one week. He 
was admitted to our hospital with a presumed diagnosis 
of  Stevens-Johnson syndrome (SJS). On the day of  ad-
mission, he was started on intravenous steroid pulse ther-
apy with prednisolone plus immunoglobulin. However, 
blister and erosion continued to spread throughout the 
entire body (Figure 1). The patient was diagnosed with 
TEN and transferred to intensive care unit (ICU) on day 
6 of  hospitalization. During his stay in the ICU, his skin 

condition gradually improved with continuous intrave-
nous steroids. He was also administered a first generation 
cefem for antibiotic prophylaxis.

Abdominal distension was also observed, beginning 
on the third day of  admission. CT scan performed on 
day 5 showed no specific findings except for pneumoco-
lon. The patient was put on a bowel regimen, consisting 
of  laxatives and enemas, to regulate his bowel move-
ments.

On day 8, the condition of  this patient suddenly de-
teriorated. His abdominal distension became exacerbated 
and his blood pressure decreased rapidly. He became less 
responsive and scored 11 (E2V4M5) on the Glasgow 
Coma Scale.

Physical examination showed a temperature of  
37.2 ℃, blood pressure of  60/28 mmHg, pulse of  110 
beats per minute, and oxygen saturation 97% in ambient 
air. Abdominal examination showed marked fullness and 
diffuse rebound tenderness throughout the entire abdo-
men. Laboratory examinations revealed severe acidosis 
and elevated lactic acid concentration. The results of  
laboratory examinations are shown in Table 1. A blood 
culture was positive for a species of  Corynebacterium.

Plain abdominal radiography showed small-bowel 
distension and a low-density linear and bubbly pattern of  
gas in the small-bowel wall (Figure 2). A non-contrast CT 
scan revealed gas in the superior mesenteric vein (SMV) 
and intramural air, but no free air, in the small-bowel wall 
(Figure 3). The patient was preliminarily diagnosed with 
septic shock associated with pneumatosis cystoides intes-
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Figure 1  Skin findings in this patient. A and B: Wide-spread blistering exanthemas of macules around the face and neck; C: Nikolsky phenomenon (slight rubbing 
of the skin resulting in exfoliation of the outermost layer) of the lower leg.



tinalis. He was started immediately on oxygen treatment, 
followed by intravenous broad-spectrum antibiotics and 
catecholamine. Although an emergency laparotomy was 
considered, the patient’s general condition was too poor 
to tolerate an operation, and there was no sign of  bowel 
ischemia or necrosis. Therefore, the patient was managed 
conservatively.

The patient progressed well, recovering from a 
catecholamine-dependent state two days later. A CT 
scan, performed three days later, showed that the gas in 
the small bowel wall had completely disappeared. The 
abdominal fullness gradually remitted and he was dis-
charged from the ICU after sixteen days. Several days 
later, a drug lymphocyte stimulating test (DLST) was 
positive for phenobarbital, indicating that phenobarbital 
had caused TEN in this patient.

The patient’s skin condition completely resolved sixty-
two days after admission. No recurrence of  PCI and 
TEN have been observed for three years.

DISCUSSION
Stevens-Johnson syndrome and TEN are rare diseases, 
affecting approximately 1 or 2 per million individuals 
annually. Both of  these diseases are considered medical 
emergencies as they are potentially fatal[2].

Currently, TEN and SJS are considered to be at the 
two ends of  a spectrum of  severe epidermolytic adverse 
cutaneous drug reactions, differing only in their extent of  
skin detachment. Symptoms of  SJS include acute condi-
tions characterized by mucous membrane erosions and 
skin lesions (described as macules, atypical target-like 
lesions, bulla, and erosions) involving less than 10% of  
the total skin surface area, whereas TEN involves more 
than 10% of  the total skin surface area. In addition to 
skin symptoms, both diseases are often accompanied by 
complications in numerous organs, including the liver, 
kidneys, and lungs. The mortality rate for patients with 
TEN has been reported to range from 25% to 35%[2,3].

Certain drugs, including sulfonamides, non-steroidal 
anti-inflammatory drugs, cephem antibiotics, barbiturates, 

and antiepileptics are the most frequent triggers of  TEN. 
A DLST for phenobarbital was positive in this patient, 
and the TEN was retrospectively determined to be a drug 
eruption caused by phenobarbital, with the condition 
progressing to TEN from SJS during its clinical course.

Pneumatosis cystoides intestinalis (PCI) is an unusual 
intestinal condition characterized by the presence of  gas 
within the intestinal wall, usually in the mucosa and sub-
mucosa of  the small and large intestines. PCI has been 
classified as primary or secondary, with most patients 
having secondary PCI due to an underlying condition[4]. 
These underlying conditions have been classified as (1) 
traumatic and mechanical (e.g., pyloric stenosis, endos-
copy, enteric tube placement volvulus, surgical anasto-
mosis, carcinoma); (2) inflammatory and auto- immune 
(e.g., Crohn’s disease, ulcerative colitis, diverticular disease, 
necrotizing enterocolitis, polydermatomyositis, sclero-
derma, mixed connective tissue disease, multiple sclero-
sis); (3) infectious (e.g., Clostridium difficile, HIV/AIDS, 
cytomegalovirus, Mycobacterium species); (4) pulmonary 
(e.g., chronic obstructive pulmonary disease, asthma, 
cystic fibrosis); (5) drug induced (e.g., cytotoxic agents, 
immunosuppressants, corticosteroids); or (6) other con-
ditions, such as transplantation, graft versus host disease, 
leukemia, or intestinal infarction[5].

The pathogenesis of  PCI is unclear, although several 
hypotheses have been suggested. The gas within the in-
testine wall may be intraluminal, pulmonary or produced 
by bacteria[5,6]. Mechanical features thought to be respon-
sible for intrusion of  intraluminal gas into the bowel wall 
are mucosal injury and/or increased intraluminal pres-
sure. The possibility of  pulmonary gas as a source for 
PCI is based on the hypothesis that air migrates along 
vessels within the mediastinum, retroperitoneum and 
mesentery after alveolar rupture in pulmonary diseases.
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Figure 2  Plain supine abdominal radiography of patient on day 8 of ad-
mission to the intensive care unit, showing small-bowel distension and 
pneumatosis cystoides intestinalis (arrows).

Table 1  Laboratory data on day 8

Laboratory investigation Results Reference ranges

Arterial blood gas
Blood pH   7.121 7.42 ± 0.04
PaCO2 (mmHg) 24.5 32-46
PaO2 (mmHg) 83.6 74-100 
Base excess (mmol/L) -7.3  -2-2 
Lactic acid  (mmol/L)   2.6  0.44-1.78 
Plasma bicarbonate  (mmol/L) 15.6 21-29 
Serum chemistry
Serum albumin (g/dL)   1.6 3.8-5.1
Asparate aminotransferase (IU/mL) 28 9-35 
Alanine aminotransferase (IU/mL) 14 5-36 
Blood urea nitrogen (mg/dL) 85 6-22
Creatine  (mg/dL)   2.61 0.47-0.79 
C-reactive protein (mg/dL) 10.3 0-0.5
Blood glucose (mg/dL) 104 70-109
Blood count
WBC (/μL) 7.4 × 103 3.9-9.8
Hemoglobin (g/dL) 9.5 13.4-17.6
Hematocrit (%) 30.4 39-52
Platelet count (/μL) 7.9 × 104 13-37
Prothrombin time-INR 1.17 0.9-1.1
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PCI may be asymptomatic or may manifest symp-
toms and signs associated with life threatening complica-
tions, such as bowel ischemia, perforation and peritonitis. 
Generally, however, the symptoms of  PCI are mild and 
include abdominal pain, diarrhea or constipation, abdom-
inal distension, bloody stools and/or weight loss. About 
3% of  patients experience more serious symptoms, in-
cluding bleeding, ileus, volvulus, intussusception, and/or 
pneumoperitoneum[7].

Treatment for PCI depends on its symptoms, with 
no specific treatment standardized. PCI may be detected 
incidentally by radiographic imaging, screening colo-
noscopy, or during laparotomy. Intramural gas cysts in 
asymptomatic patients usually resolve spontaneously 
over time. Patients with mild to moderate symptoms are 
usually treated conservatively, with antibiotics, oxygen, 
and hyperbaric oxygen therapy reported effective[8,9]. 
Emergency surgical exploration is indicated for patients 
with suspected intestinal necrosis or abdominal sepsis[10]. 
Immediate surgery has been indicated for patients with 
elevated C-reactive protein or WBC, or the signs of  sep-
sis, bowel perforation or portal venous gas. Conservative 
therapy has been recommended for patients with normal 
or slightly increased inflammatory parameters in blood 
samples and no signs of  sepsis, bowel perforation or free 
gas[11].

Since the first report of  PCI in France in the 18th cen-
tury, numerous case reports and reviews have appeared 
worldwide. However, intestinal lesions in patients with 
TEN have rarely been reported. To our knowledge, our 
patient is the first reported to have TEN associated with 
PCI. Four patients with TEN were reported to present 
with digestive symptoms, including abdominal pain and 
bloody diarrhea. Pathological examination of  mucosal 
biopsy specimens revealed that the superficial epithelium 
was severely damaged by necrosis, while the lamina pro-
pia was relatively unaffected[1]. 

PCI has been reported associated with collagen skin 
diseases, including scleroderma and dermatomyositis[10,12]. 
These patients are often treated with corticosteroids, 
which can induce atrophy of  the mucosa and mucosal 
defects facilitating the intrusion of  gas and bacteria[13].

Our patient was treated intravenously with high dose 
corticosteroids for 15 d, which may have exacerbated the 
atrophy and necrosis of  the intestinal mucosa, which had 
been damaged by TEN. Persistent constipation may re-
sult in chronically elevated intra-luminal pressure, induc-
ing the invasion of  intramural compartments by gas and 
bacteria. The fragility of  his intestinal mucosa allowed 
bacterial translocation and resulted in septic shock of  
Corynebacterium.

The signs of  peritoneal irritation and gas in the SMV 
suggested the need for an emergency laparotomy, but his 
poor general condition did not allow surgery. In addition, 
we were unable to identify any underlying disease that 
could have induced ischemia or necrosis of  the intestine. 
Conservative treatment with antibiotics, catecholamine, 
and oxygen therapy was successful. His abdominal symp-
toms disappeared and he discharged from the ICU after 
8 d. In general, patients with signs of  peritonitis in ad-
dition to metabolic acidosis indicating septic shock are 
candidates for surgery. However, in the absence of  life-
threatening situations such as perforation or necrosis, 
PCI can be managed conservatively. PCI is a clinical sign, 
and is not itself  a diagnosis. Careful evaluation of  the un-
derlying disease and accompanying symptoms is essential.
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COMMENTS
Case characteristics
A 55-year-old male patient under the treatment of toxic epidermal necrolysis 
presented abdominal distension and fell into state of shock.
Clinical diagnosis
The patient was diagnosed with pneumatosis cystoides intestinalis.
Differential diagnosis
Perforative peritonitis, acute mesenteric artery occlusion.
Laboratory diagnosis
The patient had severe acidosis (a blood pH of 7.121), acute renal damage 
(blood urea nitrogen 85 mg/dL, creatine 2.61 mg/dL) and elevated C-reactive 
protein (10.3 mg/dL).
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Figure 3  Abdominal computed tomography of patient on day 8 of admission to the intensive care unit, showing. A: Gas in the superior mesenteric vein (arrow); 
B: Extraluminal gas along the small bowel mesentery (arrows).
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Imaging diagnosis
A non-contrast computed tomography scan revealed gas in the superior mes-
enteric vein and intramural air in the small-bowel wall.
Pathological diagnosis
No pathological specimen was obtained but a blood culture was positive for a 
species of Corynebacterium, showing that the patient had been in the state of 
sepsis due to pneumatosis cystoides intestinalis.
Treatment
Conservative management including oxygen treatment, intravenous broad-
spectrum antibiotics and catecholamine was successful.
Related reports
Toxic epidermal necrolysis is a severe adverse drug reaction, which is charac-
terized by erythema, blisters, and/or erosions of the mucous membranes and 
skin in whole body, but intestinal involvement is rare reported.
Experiences and lessons
Pneumatosis cystoides intestinalis can be observed during the treatment 
course of toxic epidermal necrolysis and conservative management is possibly 
effective when there are no signs of ischemia or necrosis of the intestine.
Peer review
This is an interesting case report of pneumatosis cystoides intestinalis associ-
ated with toxic epidermal necrolysis. The manuscript is clearly written, and this 
unusual presentation has clinical relevance.
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Abstract
The champagne bottle neck (CBN) sign refers to a re-
duction in the diameter of the proximal portion of the 
internal carotid artery that resembles a CBN, and is a 
characteristic feature of Moyamoya disease. A 43-year-
old woman with an infarction of the posterior limb of 
the left internal capsule was diagnosed with Moyamoya 
syndrome associated with Graves’ disease. The CBN 
sign was observed bilaterally. Cerebral revascularization 
surgery was performed, including left-sided superficial 
temporal artery to middle cerebral artery anastomo-
sis. During four years of follow-up, she maintained a 
euthyroid state and did not have any further cerebral 
ischemic events. The CBN signs remained unchanged 
on both sides during this time. This is the first report of 
the CBN sign in a patient with Moyamoya syndrome as-
sociated with Graves’ disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Champagne bottle neck sign; Moyamoya 
disease; Moyamoya syndrome; Graves’ disease; Revas-
cularization

Core tip: The champagne bottle neck (CBN) sign re-

flects a reduction in the diameter of the proximal por-
tion of the internal carotid artery that resembles a CBN, 
and is a characteristic feature of Moyamoya disease. 
This case describes the first report of bilateral CBN 
signs in a 43-year-old woman diagnosed with Moyamo-
ya syndrome associated with Graves’ disease. Cerebral 
revascularization surgery was performed on the patient, 
and the CBN signs remained unchanged throughout 
four years of follow-up. 
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INTRODUCTION
Moyamoya disease (MMD) is a cerebrovascular disorder 
characterized by progressive bilateral stenosis or occlu-
sion of  the distal portion of  the internal carotid artery 
(ICA) and proximal portions of  the middle cerebral ar-
tery (MCA) and anterior cerebral artery (ACA), together 
with the formation of  net-like collateral vessels in the 
basal ganglia[1,2]. The rarely observed vasculopathy that 
is characteristic of  this disease is seen associated with 
pathologic conditions such as arteriosclerosis, Down’
s syndrome, von Recklinghausen’s disease, and X-ray ir-
radiation in Moyamoya syndrome (MMS)[3]. Several cases 
of  Moyamoya vasculopathy associated with Graves’ dis-
ease have been reported[4-7]. Graves’ disease is a female-
dominant autoimmune thyroid disease characterized by 
the formation of  autoantibodies to thyroid-stimulating 
hormone (TSH) receptors, resulting in continuous stimu-
lation of  the thyroid gland and hyperthyroidism[4].

In 2006, Yasaka et al[8] reported that ultrasonography 
in patients with MMD showed a rapid reduction in the 
diameter of  the proximal ICA to less than half  of  the 

CASE REPORT

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.12998/wjcc.v2.i9.474

World J Clin Cases  2014 September 16; 2(9): 474-477
 ISSN 2307-8960 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

World Journal of
Clinical CasesW J C C

September 16, 2014|Volume 2|Issue 9|WJCC|www.wjgnet.com 474



diameter of  the common carotid artery, giving the ap-
pearance of  a champagne bottle neck (CBN). The CBN 
sign occurred in 74% of  patients with MMD, but has not 
been reported in patients with MMS. We report a case in-
volving a patient with MMS associated with Graves’ dis-
ease, in whom the CBN sign was observed. The results 
of  long-term follow-up after cerebral revascularization 
surgery are also presented.

CASE REPORT
A 43-year-old Japanese woman presented with weakness 
of  the right extremities, which she first noticed when 
she awoke in the morning. She had a six-month history 
of  fatigue and weight loss. On admission, her blood 
pressure was 117/72 mmHg and her heart rate was 125 
beats/min. Physical examination revealed a right-sided 
carotid bruit. No goiter or exophthalmos was observed. 
A neurologic examination showed mild right hemiparesis 
and dysarthria. 

Laboratory data demonstrated hyperthyroidism with 
a TSH level of  0.015 µU/mL (normal range: 0.35-4.94 
µU/mL), free T3 level of  26.42 pg/mL (normal range: 
1.71-3.71 pg/mL), and free T4 level of  4.37 ng/dL (nor-
mal range: 0.70-1.48 ng/dL). Her TSH receptor antibody 
level was 36.7% (normal: < 15%). Ultrasonography of  
the thyroid gland showed a diffuse goiter, and thyroid 
scintigraphy was positive. She was diagnosed with hyper-
thyroidism due to Graves’ disease, and antithyroid drug 
treatment with methimazole and potassium iodide was 
started.

Diffusion-weighted magnetic resonance imaging on 
admission showed a hyperintense area at the left posterior 
limb of  the internal capsule (Figure 1A). Magnetic reso-
nance angiography (MRA) and three-dimensional com-
puted tomography angiography showed bilateral severe 
stenosis of  the distal ICA and proximal MCA and ACA 
(Figure 1B). Digital subtraction angiography showed 
Moyamoya vessels in the left basal ganglia and bilateral 
stenosis of  the distal ICA and proximal MCA and ACA 
(Figure 1C). No Moyamoya vessels were observed on the 
right side. Bilateral narrowing of  the proximal ICA con-
sistent with the CBN sign was also observed on digital 
subtraction angiography (Figure 1D), three-dimensional 
computed tomography angiography (Figure 1E), and ul-
trasonography (Figure 1F).

The patient was diagnosed with an acute infarction 
of  the posterior limb of  the internal capsule due to Moy-
amoya syndrome (Suzuki stage 3 on the right side and 
stage 1 on the left side[4]) associated with Graves’s disease. 
She was treated with ozagrel, edaravone and heparin, and 
subsequently with aspirin and warfarin. Antithyroid drug 
treatment with methimazole and potassium iodide was 
continued.

The patient’s right hemiparesis and dysarthria were 
resolved two months later. She had experienced no addi-
tional cerebral ischemic events and was euthyroid with a 
TSH level of  < 0.016 µU/mL and a free T3 level of  3.02 

pg/mL. MRA showed no change in the bilateral CBN 
signs (Figure 1G) or the bilateral severe stenosis of  the 
distal ICA and proximal MCA and ACA. Single-photon 
emission computed tomography with N-isopropyl-p-
[123I]-iodoamphetamine (IMP-SPECT) showed a mark-
edly compromised vascular reserve in the left MCA terri-
tory and slightly decreased cerebral blood flow (41.69 and 
43.80 mL/100 g/min in the left and right MCA territo-
ries, respectively). The regional cerebrovascular reactivity 
after acetazolamide loading was 7.10% in the left MCA 
territory and 11.79% in the right MCA territory. 

To treat the perfusion insufficiency in the left MCA 
territory, left superficial temporal artery to MCA anasto-
mosis, encephalo-duro-arterio-synangiosis and encepha-
lo-myo-synangiosis were performed. The antiplatelet and 
anticoagulation medications were discontinued postop-
eratively.

MRA at one month after the cerebral revasculariza-
tion surgery showed a patent bypass (Figure 1H). There 
was no change in the bilateral stenosis of  the distal ICA 
and proximal MCA and ACA. IMP-SPECT showed that 
cerebral blood flow was improved in the left MCA terri-
tory (45.75 and 44.41 mL/100 g/min in the left and right 
MCA territories, respectively) and that regional cerebro-
vascular reactivity was improved in the left MCA territory 
(13.07% and 17.45% in the left and right MCA territories, 
respectively). 

During four years of  follow-up after surgery, the 
patient’s euthyroid state was maintained with antithyroid 
therapy and she experienced no additional cerebral isch-
emic events. An MRA at four years after surgery showed 
no change in the bilateral CBN signs (Figure 1I).

DISCUSSION
Although the CBN sign is a characteristic feature of  
MMD[8], no previous reports have described the clinical 
significance of  this sign or the specific underlying patho-
physiologic mechanisms. Histopathologic examination 
shows eccentrically laminated thickening of  the intima of  
the major intracranial arteries in patients with MMD[9]. 
Fibrocellular intimal thickening is also observed in other 
arteries such as the extracranial ICAs, external carotid 
arteries, pulmonary arteries, renal arteries and coronary 
arteries[10-12]. At the carotid bifurcation, there is a tran-
sitional zone between the elastic portion of  the carotid 
arteries (located > 5 mm proximal to the bifurcation) and 
the muscular portion of  the carotid arteries (located > 
15 mm distal to the bifurcation)[13,14]. It is speculated that 
the muscular portion is more commonly affected than 
the elastic portion because of  its thinner intimal mem-
brane[13], and that the stenosis extends from the distal to 
the proximal ICA. The narrowing at the transitional zone 
results in the CBN sign. 

This is the first report of  the CBN sign in a patient 
with MMS. Although the association between MMS and 
Graves’ disease is not well understood[3-7], it has been hy-
pothesized that the increased vascular reactivity resulting 
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from hyperthyroidism causes damage to the arterial wall, 

leading to MMD[15-17]. The CBN sign may reflect intimal 
thickening of  the extracranial ICA.

In the series of  patients with MMD reported by Ya-
saka et al[8], the relationships among the stage of  MMD, 
the presence of  the CBN sign, and chronologic changes in 
the CBN sign, were not reported. In our patient, the stage 
of  MMS was more advanced on the left (the symptomatic 
side) than on the right. Moyamoya vessels were not ob-
served on the right side, and perfusion reserve was impaired 
in the left MCA territory. However, the CBN sign was ob-
served equally on both sides, and did not change between 
the hyperthyroid and euthyroid states. During the four years 
after cerebral revascularization surgery, no changes were 
observed in the CBN signs. It has previously been reported 
that Moyamoya-like vascular changes and stenosis of  the 
intracranial arteries and do not occur in patients with MMS 
associated with Graves’ disease after antithyroid treatment 
and cerebral revascularization[3-5,18]. Likewise, the changes 
causing the CBN sign are irreversible. 

COMMENTS
Case characteristics
A 43-year-old Japanese woman presented with weakness of the right extremi-
ties and had a six-month history of fatigue and weight loss.
Clinical diagnosis
The patient’s heart rate was 125 beats/min and a neurologic examination 
showed mild right hemiparesis and dysarthria. 
Differential diagnosis
Brain infarction; Intracerebral hemorrhage; Brain tumor.
Laboratory diagnosis
Laboratory data demonstrated hyperthyroidism with a thyroid-stimulating hor-
mone level of 0.015 µU/mL, free T3 level of 26.42 pg/mL, free T4 level of 4.37 
ng/dL, and a thyroid-stimulating hormone receptor antibody level of 36.7%.
Imaging diagnosis
Diffusion-weighted magnetic resonance imaging on admission showed a hy-
perintense area at the left posterior limb of the internal capsule, and digital sub-
traction angiography showed Moyamoya vessels in the left basal ganglia and 
bilateral stenosis of the distal internal carotid artery and proximal middle and 
anterior cerebral arteries. Bilateral narrowing of the proximal internal carotid ar-
tery consistent with the champagne bottle neck (CBN) sign was also observed 
on three-dimensional computed tomography angiography and ultrasonography.
Pathological diagnosis
The patient was diagnosed with acute infarction of the posterior limb of the in-
ternal capsule due to Moyamoya syndrome associated with Graves’s disease.
Treatment
Revascularization was performed following antithyroid drug treatment. 
Related reports
Ultrasonography in patients with Moyamoya disease showed a rapid reduc-
tion in the diameter of the proximal internal carotid artery to less than half of 
the diameter of the common carotid artery (giving the appearance of a CBN), 
although the relationships among the disease stage, presence of the CBN sign, 
and chronologic changes in the CBN sign were not reported.
Experiences and lessons
The CBN signs were not affected by the change between the hyperthyroid and 
euthyroid states. Furthermore, no changes in the CBN signs were observed 
after cerebral revascularization surgery, demonstrating their irreversibility.
Peer review
This is the first report of the CBN sign in a patient with Moyamoya syndrome 
associated with Graves’ disease.
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Figure 1  Imaging results. A: Diffusion-weighted magnetic resonance imaging 
three hours after the onset of right hemiparesis revealed a hyperintense area in 
the posterior limb of the left internal capsule; B: Magnetic resonance angiogra-
phy (MRA) showing bilateral severe stenosis of the distal portion of the internal 
carotid artery (ICA) and proximal portions of the middle cerebral artery (MCA) 
and anterior cerebral artery (ACA); C: Left carotid angiography (anteroposterior 
view), showing Moyamoya-like vascular changes around the circle of Willis 
(black dotted arrows) as well as stenosis of the distal left ICA and proximal left 
MCA and ACA (black arrows); Bilateral champagne bottle neck (CBN) signs at 
the proximal ICAs (arrows) were observed with D: Digital subtraction angiogra-
phy; E: Three-dimensional computed tomography angiography; and F: Ultraso-
nography; G: MRA in the euthyroid state, showing no changes in the bilateral 
CBN signs (white arrows); H: MRA at four years after superficial temporal artery 
to MCA anastomosis, showing that the anastomosis remained patent (white 
arrow); I: No change was observed in the bilateral CBN signs after four years 
(white arrows)
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Abstract
As per strict criteria of Das Gupta et al , primary splenic 
lymphoma is very rare. Herein, we are reporting an 
unusual case of primary large cell splenic lymphoma of 
B lineage in a middle aged female presenting with mas-
sive splenomegaly (3.8 kg) and hypersplenism. After 
performing therapeutic splenectomy for hypersplenism, 
a precise diagnosis of diffuse large B cell lymphoma 
was made on histopathology and confirmed by immu-
nohistochemistry. The patient responded well to stan-
dard (Cyclophosphamide, Hydroxydaunorubicin, Onco-
vin (vincristine), Prednisone or prednisolone) regimen 
last year and is now in full remission. The splenectomy 
thereby has prevented the potential grave complica-
tions related to hypersplenism and splenic rupture. 
Our aim behind highlighting the topic is to specify that 
emergency splenectomy followed by anticoagulation 
therapy is an effective plan of management to prevent 
untoward complications related to disease and treat-
ment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Huge splenic lymphoma; Pancytopenia; 

Splenectomy; Anticoagulation

Core tip: Primary splenic lymphoma is a rare entity, can 
present with grave complications like hypersplenism 
and splenic rupture. In such circumstances, emergency 
splenectomy is an effective therapeutic and diagnostic 
tool. Now a days laparoscopic splenectomy is emerging 
because of minimal complications. Postoperative anti-
coagulation is important to prevent portal splenic vein 
thrombosis. 

Ingle SB, Ingle CRH. Splenic lymphoma with massive sple-
nomegaly: Case report with review of literature. World J Clin 
Cases 2014; 2(9): 478-481  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i9/478.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i9.478

INTRODUCTION 
Primary splenic lymphoma is a very unusual entity if  
strict diagnostic criteria proposed by Das Gupta et al[1] are 
applied. According to their views diagnosis of  Primary 
Splenic Lymphoma should be made when the disease is 
confined to spleen or at the most involves hilar lymph 
nodes with no recurrence of  disease after splenectomy[1,2]. 
Herein, we present such an unusual case of  Primary 
Splenic Lymphoma of  diffuse large B cell type diagnosed 
on histopathology and confirmed by immunohistochem-
istry in a patient presenting with massive splenomegaly 
and hypersplenism. Splenectomy was followed by anti-
coagulation therapy and chemotherapy [with standard 
Cyclophosphamide, Hydroxydaunorubicin, Oncovin 
(vincristine), Prednisone or prednisolone (CHOP) regi-
men]. The patient responded well and as on today, is in 
complete remission preventing grave complications of  
disease and splenectomy thus justifying both diagnostic 
and therapeutic utility of  splenectomy and effective anti-
coagulation therapy is must to prevent portal vein splenic 
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vein thrombosis(PVST).

CASE REPORT 
A 41-year-old female, complained of  weight loss and ab-
dominal pain. She was afebrile and physical examination 
revealed no palpable peripheral lymphadenopathy. Head 
and neck examination revealed moderate anemia, no jaun-
dice and a clear oropharynx. Heart and lung examination 
were normal. She had a protuberant abdomen with a firm 
palpable spleen that extended below the navel. There 
was no ascites or hepatomegaly. Abdominal ultrasonog-
raphy and plain computed tomography scanning showed 
massive splenomegaly without a mass lesion (Figure 1). 
Blood examination revealed pancytopenia: WBC 1.9 × 
109/L (neutrophils 48.0%, eosinophils 0%, basophils 0%, 
monocytes 4.0%, lymphocytes 48.0%), Hb 10.3 g/dL, 
platelet count 99 × 109/L, LDH 127 U/L (normal range 
100-220 U/L). Air-dried peripheral blood smear showed 
no abnormal lymphocytes including hairy cells or villous 
lymphocytes. Liver and renal functions were within nor-
mal limits. Bone marrow aspiration and biopsy revealed 
normocellular bone marrow without abnormal cell in-
volvement, fibrosis, dysplasia or hemophagocytosis. Liver 
cirrhosis and idiopathic portal hypertension were ruled 
out. Whole body computed tomography (CT) scanning 
revealed no abnormal lesions in other organs. Therefore, 

emergency splenectomy was planned and performed. 
The operation progressed without complications. The re-
sected spleen weighed 3.8 kg. The cut surface was almost 
totally effaced by a huge greywhite homogenous tumor 
soft rubbery in consistency (Figures 2 and 3) Microscopy 
revealed diffuse proliferation of  monotonous popula-
tion of  large neoplastic lymphoid cells [Large B cell 
lymphoma (DLBCL)] (Figure 4) , The tumor cells were 
immunopositive for CD 20 and immunonegative for T 
cell markers (Figure 5). Intraoperative findings did not 
reveal any lymph node swelling or tumor. Therefore, the 
patient was diagnosed as stage I splenic lymphoma. Four 
days after the operation, the patient recovered from the 
pancytopenia: WBC of  7.6 × 109/L, Hb 13.0 g/dL and 
platelet count 330 × 109/L although CRP increased to 
8.21 mg/dL owing to postoperative infection. 24 h after 
surgery, received subcutaneous injection of  LMWH (Low 
Molecular Weight Heparin) routinely, 0.3 mL per 12 h for 
5 d and then maintained by oral therapy with warfarin for 
one month to keep the target prothrombin time/interna-
tional normalized ratio (PT/INR) at a level between 1.25 
and 1.5 to prevent PSVT.

Three courses of  standard CHOP plus rituximab che-
motherapy were given. Complete remission has contin-
ued for 12 mo post operatively without any grave compli-
cations related to disease and splenectomy. Thus, the case 
was finally confirmed as primary splenic lymphoma of  B 
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Figure 1  Computed tomography showing massive splenomegaly without 
mass lesion.

Figure 2  Encapsulated huge massive splenic mass.

Figure 3  Cut surface was grey white.

Figure 4  Diffuse monotonous population of neoplastic lymphoid cells.



cell lineage as per the strict criteria of  Das Gupta et al[1].

DISCUSSION
Primary lymphoma of  the spleen is very rare if  strict 
criteria for diagnosis suggested by Das Gupta et al[1] are 
applied[2].

Solitary splenic non Hodgkin Lymphoma (NHL) is 
rare; the incidence is less than 1%[3]. Some solitary lym-
phomas cannot be discerned by plain CT scanning alone 
or US alone. Consequently, enhanced CT scanning and 
Gallium scintigraphy are absolutely required to identify 
splenic tumor. Splenectomy is often chosen to diagnose 
solitary splenic lymphoma.

However, several previous reports discussed the risk 
of  splenectomy for massive (greater than 1500 gm) sple-
nomegaly. Splenectomy for massive splenomegaly showed 
a high rate of  perioperative mortality (about 20%[4,5]. In 
some cases with poor general status, bleeding tendency, 
complications due to infection or organ failure, one 
should be hesitant to use an invasive diagnostic method. 
On the other hand, splenic needle biopsy may provide 
an adequate diagnosis without severe complications. 
Tam et al[6] reported percutaneous image guided splenic 
needle biopsy in 156 consecutive cases and concluded 
that splenic needle biopsy in the evaluation of  new or re-
current neoplasm is a minimally invasive procedure with 
low complication rates and a high diagnostic yield. If  it 
is institutionally and technically possible, splenic needle 
biopsy should be taken into consideration for high risk 
patients[6]. Recently, laparoscopic splenectomy has often 
been used for splenic masses because of  fewer complica-
tions and since it is rather appropriate for moderate sple-
nomegaly[7,8].

This patient underwent splenectomy because she 
had no complications. Splenectomy was done to: (1) 
establish a correct pathological diagnosis; (2) reduce the 
hypersplenism; (3) reduce the radiation field; (4) relieving 
symptoms; and (5) prevent splenic rupture and prevented 
PSVT with effective anticoagulant therapy

Generally speaking,the localized indolent lymphoma 
is expected to have good prognosis despite the absence 
of  further treatment with chemotherapy. In contrast, 

most cases of  aggressive lymphoma such as DLBCLs 
show disease expansion and progression, requiring im-
mediate chemotherapy. It is speculated that the high rate 
of  perioperative mortality in massive splenomegaly could 
be due to rapid progression of  disease and such patients 
should be subjected to less invasive diagnostic methods 
and treated immediately.

Splenic lymphoma and splenomegaly secondary to 
lymphoma or other hematological malignancies are often 
reported as a cause of  hypersplenism and the cytopenias 
resolved after splenectomy in most cases[4,9]. Therefore 
,splenectomy is useful not only for diagnosis but also for 
treatment of  the underlying hematologic malignancy.

It is an unusual case of  primary splenic lymphoma 
presenting with massive splenomegaly (3.8 kg) and hy-
persplenism. In such a critical clinical situation, clinician 
should keep in mind splenectomy supported by antico-
agulation therapy as an effective therapeutic and diag-
nostic method to prevent grave complications related to 
disease (hypersplenism, splenic rupture) and splenectomy, 
i.e., PSVT that could prove fatal. Recently splenic needle 
biopsy can be used to diagnose the condition earlier.

COMMENTS
Case characteristics
Massive splenomegaly, hypersplenism.
Clinical diagnosis 
Primary splenic lymphoma presenting with huge splenic mass and hypersplen-
ism.
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Hypersplenism presenting with thrombocytopenia.
Imaging diagnosis
Computed tomography scan revealing massive splenomegaly without mass le-
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Pathological diagnosis
Biopsy findings are confirmatory for diffuse large B cell lymphoma.
Treatment
Emergency splenectomy is an effective therapeutic and diagnostic tool in such 
critical circumstances.
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Abstract
Cranial defects often occur due to trauma. The treat-
ment of such defects is a challenge to the skill and 
knowledge of the practitioner. This article presents one 
such case, where a 15-year-old boy had suffered ex-
tensive loss of the right cranium following a road traffic 
accident. The patient required rehabilitation of the right 
fronto-temporal cranial anatomy and was managed us-
ing a custom made heat polymerized acrylic alloplastic 
implant.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cranioplasty; Cranial implant; Acquired de-
fect; Heat cure poly methyl methacrylate resin

Core tip: Prefabricated heat-polymerized acrylic pros-
thesis, offers the benefits of reducing the tissues to re-

sidual monomer or the heat of polymerization. The oth-
er advantages are low content of residual monomer in 
prosthesis because of long curing cycle and prolonged 
immersion in water. Old orthopantomogram films were 
used during impression. It is an easy and economical 
method for recording the defect. In order to reduce the 
bulk of the prosthesis, the defect area was contoured 
with plaster. After try in, the wax pattern was covered 
with an aluminum foil, to check the contour radio-
graphically. Gutta percha points were incorporated as 
radiopaque marker. 

Gupta L, Aparna IN, Balakrishnan D, Deenadayalan L, Hegde P, 
Agarwal P. Cranioplasty with custom made alloplastic prosthetic 
implant: A case report. World J Clin Cases 2014; 2(9): 482-487  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i9/482.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i9.482

INTRODUCTION
The loss of  a body part reflects significantly on a patient’
s life. Not only does it have a huge influence on their 
physical and mental state, it makes social integration dif-
ficult; often dampening their expectations to return to 
normalcy. 

Cranial defects may result from trauma, disease or due 
to congenital malformations. Repair of  cranial defects is 
indicated to protect the underlying brain tissue, provide 
pain relief  at the defect site, improve aesthetics and mini-
mize patient anxiety[1,2]. Humans lack the ability to regen-
erate a lost body part, but reconstruction can be achieved 
through prosthetic means and a multidisciplinary ap-
proach.

Cranioplasty is one of  the oldest known neurosurgical 
procedures, dating back to 3000 B. C.[3,4]. For centuries, 
various materials have been tried for covering bony de-
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fects, including coconut shells, bones from both human 
and non-human donors, metals[5,6] and more recently, bio-
synthetic materials such as resins and ceramics.

Cranioplasty can be performed using a range of  
procedures. When plastic materials are used, the main 
requirement for an effective cranioplasty, is the preopera-
tive shaping of  the implant to fit the bony defect pre-
cisely[7]. Acrylic cranioplasty is frequently used for patients 
who have a cranial defect after trauma or an infected cra-
niotomy or meningiomas[8,9]. Two basic methods of  cra-
nioplasty are widely accepted - osteoplastic reconstruc-
tion and restoration with alloplastic material. This article 
describes a patient whose cranial defect has been restored 
with a prefabricated acrylic resin prosthesis.

CASE REPORT 
A 15 years old male patient was referred to the Depart-
ment of  Prosthodontics, from the Department of  Neu-
rosurgery for the management of  an acquired cranial 
defect. The patient had a significant medical history of  a 
road traffic accident (RTA), resulting in an open head in-
jury with right temporo-parietal contusion and a fracture 
of  the squamous part of  the temporal bone. The patient 
was treated immediately with a right fronto-temporo pa-
rietal craniotomy by the neurosurgeons (Figure 1). Post-
operatively it was found that the patient had a lateral 
hemiplegia on the left side and a large bony defect on the 

right side of  the skull (Figure 2). On examination, the 
defect was found to be 15 cm × 12 cm in size. The defect 
that was to be restored was large and a CAD/CAM or a 
metal prosthesis would have been the most probable op-
tion, but considering the economic background of  the 
patient, a custom-made heat-cured acrylic resin cranial 
prosthesis was planned.

Procedure  
The construction of  any maxillofacial prosthesis with al-
loplastic material consists of  four stages, each of  which 
is equally important to the success of  the rehabilitation 
effort. These stages include moulage impression and 
working cast fabrication, Sculpture and formation of  the 
pattern, mould fabrication, and processing of  the pros-
thesis[10]. Patch testing for acrylic was done prior to the 
prosthesis fabrication to rule out any acrylic allergy[11]. (1) 
The patient preparation for impression was done by cov-
ering the eye and the external auditory meatus with gauze 
to prevent the ingress of  material into the palpebral fis-
sure and the ear canal respectively (Figure 3): (2) Because 
of  the large defect, old orthopantomograms were used 
as a tray, to confine the impression material during the 
impression procedure; (3) The defect was outlined and 
an impression of  the defect was made with irreversible 
hydrocolloid (Dentsply Zelgan Plus irreversible hydro-
colloid, India). L-shaped paper clips were inserted for 
the stabilization of  plaster of  Paris which was used for 
reinforcement of  the impression material; (4) Once the 
impression material was set, it was removed carefully and 
poured with dental stone (Kalstone, laboratory stone, 
Kalabhai, Mumbai, India) to obtain a cast of  the defect 
(Figure 4); (5) The outline of  the defect was marked for 
the fabrication of  onlay type of  cranial prosthesis. The 
marked stone cast was contoured with plaster of  Paris 
so as to obtain the arbitrary shape of  the cranium, and 
a wax pattern (Hindustan dental product, Hyderabad, 
India) was fabricated over the contoured cast. The wax 
pattern was then tried on the patient (Figure 5); (6) The 
contour of  the wax pattern was corrected from all sides 
viz. the frontal, sagittal and occipital, to restore the nor-
mal contour and appearance. After the try-in of  the wax 
pattern on the defect, the contours were verified radio-
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Figure 1  Computed tomography scan showing right cranial defect.

Figure 2  Frontal view of the cranial defect.

Figure 3  Patient preparation before impression making.



graphically, by covering the wax pattern with aluminum 
foil. (Caremate Aluminium foil, Maharashtra India) (Fig-
ure 6); (7) The contoured wax pattern was then invested 
in a maxillofacial flask, using plaster of  paris. It was 
dewaxed using boiling water for 4 min[12]; (8) Following 
this, clear heat cure acrylic resin (Trevalon, denture base 
materials, Dentsply India) was packed in the mold space 
and was then cured using a constant temperature water 
bath at 74 ℃ for 10 h[13]. A long curing cycle was selected 
in order to reduce the residual monomer content of  the 
cured prosthesis; (9) The processed prosthesis was re-
moved from the flask carefully. The excess was trimmed 
and the prosthesis was polished, using pumice and cotton 
buff. Trial of  the contoured and polished prosthesis was 
done on the patient and checked from all the anatomical 
aspects  (the frontal, sagittal and occipital) (Figure 7); (10) 
The prosthesis was sterilized with ethylene oxide gas pri-
or to the insertion; (11) The surgical procedure involved 
the preparation of  the scalp with an antiseptic solution 
and the reflection of  the scalp with a U shaped incision 
to completely expose the bony margins of  the defect; (12) 
Adjustment of  the prosthesis was done with an acrylic 
trimmer so as to fit as closely as possible in the cranial 
defect. The prosthesis was then secured with titanium 
plates and screws (Surgiwear, Sharjahanpur, India) to the 
surrounding bony margins and the defect was then closed 
(Figure 8); (13) The closed system suction drain (He-
movac, Zimmer United States) was placed immediately 

after the surgery to reduce the postoperative hematoma; 
(14) The drain was removed on the 2nd postoperative day 
and the patient had a good recovery (Figures 9 and 10); 
(15) The patient and parents were instructed for the care 
of  the reconstructed area; and (16) During the follow-
up visits (6 mo, 1 year and 1½ years), the contour of  the 
defect was satisfactory from all the anatomical aspects 
(Figures 11-13).

DISCUSSION 
Cranioplasties have been performed since the early 
1950s[10]. Acrylic resin materials have been used as bone 
substitutes in dentistry, neurosurgery and orthopedic sur-
gery for decades. Interest in acrylic resins among neuro-
surgeons increased considerably following Spence’s 1954 
report of  a simple method for fabricating implants at the 
time of  surgery, using auto polymerizing methyl methac-
rylate[14]. Acrylic implants are dimensionally stable, non-
conductive, inexpensive, and can be easily modified and 
placed[15]. Acrylic resin has some advantages over metal 
substances; it is easy to shape, lighter in weight, radiates 
less heat, and radiolucent[16]. In a study, Kumar et al[17] in 
2011, have proved that large defects, like war defects, can 
be successfully restored with alloplastic materials. A pre-
fabricated implant can save valuable time in the operating 
room and better cosmetic results can be achieved, since 
any adjustments required can be made before the patient 
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Figure 4  Tissue surface of the impression with defect marking.

Figure 5  Wax pattern try in.

Figure 6  Radiographic verification of the wax pattern.

Figure 7  Try in of final heat cure alloplastic cranial implant.
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undergoes surgery. Fabricating cranial implants before 
surgery, using moulds and heat-polymerized methyl 
methacrylate, offers the benefits of  using auto polymer-
izing acrylic resin, without exposing the tissues to residual 
monomer or the heat of  polymerization[18,19]. Heat-po-
lymerized resin is 50% stronger than auto polymerizing 
resin[20] and contains less than 0.3% residual monomer. 
Excess free monomer is removed because of  the long 
curing cycle and preparation before implantation. Apart 
from these advantages, in the present case report, old 
orthopantomogram films were used during impression. 
This was an easy and economical method for recording 
the defect. In order to reduce the bulk of  the prosthesis, 

the defect area of  the master cast was contoured with 
plaster. After try in, the wax pattern was covered with 
an aluminum foil, which made it possible to check the 
contour of  the prosthesis radiographically. Gutta percha 
points were incorporated in the final PMMA prosthesis 
so as to serve as a radiopaque marker. A patch test was 
performed to rule out any allergic reactions to PMMA. 
Lee et al[21] in 2009 suggested that the infection rate as-
sociated with prefabricated PMMA prostheses was lower 
than that for intra-operatively molded PMMA prostheses 
and was comparable to that for auto graft bone flaps. 
Complications such as swelling, infection[18,22] headache, 
hemianopia were not seen during the follow up period 
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Figure 8  Placement and suturing of the final prosthesis.

Figure 9  Post-operative postero-anterior view. Figure 12  Frontal view of the restored cranial defect.

Figure 11  Restored cranial defect.

Figure 10  Post-operative lateral view. Figure 13  Follow up frontal profile.
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of  one and a half  years duration for the same patient 
Other complications such as implant mobilisation[23] were 
also not reported by the patient.  Recently, CAD CAM 
generated cranial prostheses or titanium plates have been 
introduced for a precise fit[24-28] however, the high cost of  
these prostheses makes their use rare in patients, due to 
economic reasons. 

Prefabricated custom made craniofacial prostheses 
simplify the restoration of  complex cranial defects, re-
duce the surgical time necessary for implant placement 
and decrease the risk of  contamination that can occur 
when large implants are shaped intraoperatively. Cranio-
plasty with prefabricated poly-methyl methacrylate pros-
thesis is inexpensive and enables shorter operative time 
with good esthetic results.

COMMENTS
Case characteristic
Patient had a lateral hemiplegia on the left side and a large bony defect on the 
right side of the skull.
Clinical diagnosis
Fifteen cm × 12 cm size cranial defect after right fronto-temporo parietal craniotomy.
Imaging diagnosis
Computed tomography, Orthopantomogram showed right fronto-temporo pari-
etal craniotomy defect 
Treatment
Prosthetic rehabilitation of the cranial defect with custom made alloplastic heat 
cure acrylic implant.
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cranial defect. The patient had a significant medical history of a road traffic 
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the neurosurgeons. Post-operatively it was found that the patient had a lateral 
hemiplegia on the left side and a large bony defect on the right side of the skull. 
On examination, the defect was found to be 15 cm × 12 cm in size. The defect 
was restored with a custom-made heat-cured acrylic resin cranial prosthesis.
Term explanation 
Craniotomy-surgical removal of a portion of the skull. Cranioplasty is a surgical 
repair of a defect or deformity of a skull. Alloplastic: graft of a relatively inert 
synthetic material. Generally metal, ceramic or polymeric material. Facial Mou-
lage: face impression
Innovations and breakthroughs
A prefabricated implant can save valuable time in the operating room and better 
cosmetic results can be achieved. Fabricating cranial implants before surgery, 
using moulds and heat-polymerized methyl methacrylate, offers the benefits of 
using auto polymerizing acrylic resin, without exposing the tissues to residual 
monomer or the heat of polymerization. Heat-polymerized resin is 50% stronger 
than auto polymerizing resin and contains less than 0.3% residual monomer. 
Excess free monomer is removed because of the long curing cycle and prepa-
ration before implantation. In the present case report, old orthopantomogram 
films were used during impression. This was an easy and economical method 
for recording the defect. In order to reduce the bulk of the prosthesis, the defect 
area of the master cast was contoured with plaster. After try in, the wax pattern 
was covered with an aluminum foil, which made it possible to check the contour 
of the prosthesis radiographically. Gutta percha points were incorporated in the 
final PMMA prosthesis so as to serve as a radiopaque marker.
Peer review
This case report provided a good example of the method being used in clinical 
practice with 18 mo clinical follow-up. The case is particularly well documented 
with extensive figures and photographs.
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Core tip: Diabetic patients frequently develop a constel-
lation of electrolyte disorders. These patients are often 
potassium-, magnesium- and phosphate-depleted, 
especially in the context of diabetic ketoacidosis or 
nonketotic hyperglycemic hyperosmolar syndrome. Dia-
betes is linked to both hypo- and hyper-natremia, as 
well as to chronic hyperkalemia which may be due to 
hyporeninemic hypoaldosteronism. This article provides 
an overview of the electrolyte disturbances occurring 
in diabetes and describes the underlying mechanisms. 
This insight should pave the way for pathophysiology-
directed therapy, thus contributing to the avoidance of 
the several deleterious effects associated with electro-
lyte disorders and their treatment.

Liamis G, Liberopoulos E, Barkas F, Elisaf M. Diabetes mel-
litus and electrolyte disorders. World J Clin Cases 2014; 
2(10): 488-496  Available from: URL: http://www.wjgnet.
com/2307-8960/full/v2/i10/488.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i10.488

INTRODUCTION
Electrolyte disorders are common in clinical practice. 
They are mainly encountered in hospital populations 
occurring in a broad spectrum of  patients (from as-
ymptomatic to critically ill) and being associated with 
increased morbidity and mortality[1-3]. The disturbances 
of  electrolyte homeostasis are also frequently observed 
in community subjects. Community-acquired electrolyte 
disorders, even chronic and mild, are related to poor 
prognosis[3]. Electrolyte disorders are usually multifacto-
rial in nature. Various pathophysiological factors, such as 
nutritional status, gastrointestinal absorption capacity, co-
existent acid-base abnormalities, pharmacological agents, 
other comorbid diseases (mainly renal disease) or acute 
illness, alone or in combination, play a key role.

Diabetes mellitus (DM) is included among the dis-
eases with increased frequency of  electrolyte abnormali-
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Abstract
Diabetic patients frequently develop a constellation of 
electrolyte disorders. These disturbances are particu-
larly common in decompensated diabetics, especially 
in the context of diabetic ketoacidosis or nonketotic 
hyperglycemic hyperosmolar syndrome. These patients 
are markedly potassium-, magnesium- and phosphate-
depleted. Diabetes mellitus (DM) is linked to both 
hypo- and hyper-natremia reflecting the coexistence 
of hyperglycemia-related mechanisms, which tend to 
change serum sodium to opposite directions. The most 
important causal factor of chronic hyperkalemia in dia-
betic individuals is the syndrome of hyporeninemic hy-
poaldosteronism. Impaired renal function, potassium-
sparing drugs, hypertonicity and insulin deficiency are 
also involved in the development of hyperkalemia. This 
article provides an overview of the electrolyte distur-
bances occurring in DM and describes the underlying 
mechanisms. This insight should pave the way for 
pathophysiology-directed therapy, thus contributing to 
the avoidance of the several deleterious effects associ-
ated with electrolyte disorders and their treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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ties given that the aforementioned factors (especially 
impaired renal function, malabsorption syndromes, acid-
base disorders and multidrug regimens) are often present 
in diabetics[4]. 

This article provides an overview of  the electrolyte 
disturbances occurring in DM and describes possible un-
derlying mechanisms (Table 1). This insight should pave 
the way for pathophysiology-directed therapy, possibly 
contributing to the avoidance of  several deleterious effects 
associated with electrolyte disorders and their treatment.

DYSNATREMIAS (HYPONATREMIA AND 
HYPERNATREMIA)
DM is a well-known cause of  dysnatremias via several 

underlying mechanisms[3,5]. Glucose is an osmotically ac-
tive substance. Hyperglycemia increases serum osmolality, 
resulting in movement of  water out of  the cells and sub-
sequently in a reduction of  serum sodium levels ([Na+]) 
by dilution. Therefore, in hyperglycemic patients, the cor-
rected [Na+] should be taken into account, which is calcu-
lated by adding to measured [Na+] 1.6 mmol/L for every 
100 mg/dL (5.55 mmol/L) increment of  serum glucose 
above normal; a correction factor by 2.4 mmol/L is used 
when serum glucose concentrations are higher than 400 
mg/dL (22.2 mmol/L)[6,7]. It is worth mentioning that the 
corrected [Na+] after adjustment for the dilutional effect 
of  hyperglycemia should be considered as a useful tool 
for the monitoring of  treatment in hyperglycemic states[8]. 
Uncontrolled DM can also induce hypovolemic-hypo-

Liamis G et al . Diabetes and electrolyte disorders
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Table 1  Principal causes of electrolyte disorders in diabetic patients

Sodium disorders1

   Hyponatremia
      Pseudohyponatremia (marked hyperlipidemia)
      Hyperglycemia (hypertonicity)-induced movement of water out of the cells (dilutional hyponatremia)
      Osmotic diuresis-induced hypovolemic hyponatremia
      Drug-induced hyponatremia: hypoglycemic agents (chlorpropamide, tolbutamide, insulin) or other medications (e.g., diuretics, amitriptyline)
   Pseudonormonatremia (marked hyperlipidemia, severe hypoproteinemia)
   Hypernatremia
      Pseudohypernatremia (severe hypoproteinemia)
      Loss of water in excess of sodium and potassium (osmotic dieresis), if this water loss is replaced insufficiently
Potassium disorders
   Hypokalemia
      Shift hypokalemia: insulin administration
      Gastrointestinal loss of K+: malabsorption syndromes (diabetic-induced motility disorders, bacterial overgrowth, chronic diarrheal states)
      Renal loss of  K+: osmotic diuresis, hypomagnesemia, diuretics (thiazides, thiazide-like agents, furosemide)
   Hyperkalemia
      Shift hyperkalemia: acidosis, insulin deficiency, hypertonicity, rhabdomyolysis, drugs (e.g., beta blockers)
      Reduced glomerular filtration of K+: acute and chronic kidney disease
      Reduced tubular secretion of K+: hyporeninemic hypoaldosteronism, drugs (angiotensin-converting enzyme inhibitors, 
      angiotensin Ⅱ receptor blockers, renin inhibitors, beta blockers, potassium-sparing diuretics)
Magnesium disorders
   Hypomagnesemia
      Pseudohypomagnesemia: hypoalbuminemia
      Shift hypomagnesemia: insulin administration
      Poor dietary Mg2+ intake
      Gastrointestinal Mg2+ losses: diarrhea as a result of diabetic autonomic neuropathy
      Increased renal Mg2+ losses due to osmotic diuresis, glomerular hyperfiltration, diuretic administration
      Recurrent metabolic acidosis
Calcium disorders
   Hypocalcemia
      Pseudohypοcalcemia: hypoalbuminemia2

      Acute renal failure due to accompanying hyperphosphatemia
      Advanced chronic renal insufficiency due to hyperphosphatemia and low levels of vitamin D
      Nephrotic syndrome: loss of 25-hydroxyvitamin D3 and its binding protein in the urine
   Hypomagnesemia
      Vitamin D deficiency
      Drug-mediated: loop diuretics
   Hypercalcemia
      Concurrent hyperparathyroidism
      Thiazide therapy
Phosphorus disorders
   Hypophosphatemia
      Osmotic diuresis
      Drugs: thiazides, loop diuretics, insulin
      Malabsorption syndromes
      Primary hyperthyroidism
      Vitamin D deficiency

1Spurious sodium disorders occur when sodium is measured with indirect ion-selective electrodes; 2The ionized serum calcium levels are normal.



natremia due to osmotic diuresis. Moreover, in diabetic 
ketoacidosis ketone bodies (b-hydroxybutyrate and aceto-
acetate) obligate urinary electrolyte losses and aggravate 
the renal sodium wasting[7,9]. It should be emphasized, 
however, that hypotonic renal losses (loss of  water in 
excess of  sodium and potassium) due to osmotic diuresis 
can lead to hypernatremia if  this water loss is replaced in-
sufficiently. In a study in 113 hypernatremic patients hos-
pitalized in an internal medicine clinic, poorly controlled 
DM was implicated in the development of  hypernatremia 
in one third of  cases (34.5%)[5]. Consequently, in patients 
with uncontrolled DM serum concentration of  [Na+] is 
variable, reflecting the balance between the hyperglyce-
mia-induced water movement out of  the cells that lowers 
[Na+], and the glucosuria-induced osmotic diuresis, which 
tends to raise [Na+].

Drug-induced hyponatremia due to hypoglycemic 
agents (chlorpropamide, tolbutamide, insulin) or other 
medications (e.g., diuretics, amitriptyline for the treatment 
of  diabetic neuropathy) should be considered in every di-
abetic patient with low [Na+][10,11]. Chlorpropamide, which 
is now rarely used in the treatment of  patients with DM, 
can induce hyponatremia in approximately 4% to 6% by 
potentiating the effect of  antidiuretic hormone. Elderly 
patients concomitantly using diuretics have greater risk 
of  developing hyponatremia[12,13]. Tolbutamide can lead to 
hyponatremia by decreasing renal free water clearance[13]. 
Noteworthy, despite fluid retention being a common 
adverse effect of  thiazolidinediones (pioglitazone and 
rosiglitazone), hyponatremia related to these drugs was 
reported only once[14]. There is experimental evidence 
that glucagon-like peptide 1 receptor agonists influence 
water and electrolyte balance[15]. However, to the best 
of  our knowledge, dysnatremias (or other electrolyte 
disorders) related to these drugs have not reported in hu-
mans. Moreover, the new class of  oral antidiabetic agents 
known as sodium-glucose cotransporter type 2 (SGLT2) 
inhibitors does not appear to be associated with electro-
lyte abnormalities in early clinical studies[16,17]. 

It has been reported that DM per se (independently 
of  drugs or hyperglycemia) is associated with hyponatre-
mia[11]. Recently, in a study in 5179 community subjects 
aged 55 years or more DM was associated with hypona-
tremia (OR = 1.98; 95%CI: 1.47-2.68), with the serum 
glucose levels being too low to fully explain the degree of  
hyponatremia[3]. Altered vasopressin metabolism, interac-
tion between insulin and vasopressin, both of  which act 
in the renal collecting duct, and the reabsorption of  more 
hypotonic fluid due to slower stomach emptying have 
been proposed as possible underlying mechanisms of  
this association[18-20]. Although rare, the inverse etiological 
relation between hyponatremia and DM also exists. In 
fact, brain edema in the setting of  untreated symptomatic 
hyponatremia may induce cerebral herniation and infarc-
tion of  pituitary and hypothalamus, leading to central 
DM and insipidus[21]. 

DM is also associated with an artificially decreased or 
elevated serum sodium value, that is different compared 

with the actual systemic level. In normal subjects, serum 
is composed of  water (approximately 93%), with fats 
and proteins accounting for the remaining 7%. Sodium 
is located in the serum water phase only. A reduction 
in serum water fraction (< 80%) may occur in patients 
with marked hyperlipidemia as with lactescent serum in 
uncontrolled DM. In these settings, the serum sodium 
concentration, measured per liter of  serum, not serum 
water, is artificially reduced (pseudohyponatremia). The 
presence of  normal serum sodium levels in a patient 
with hyperlipidemia should also raise the suspicion that 
hypernatremia may be present (pseudonormonatremia). 
The opposite phenomenon of  pseudohypernatremia 
and pseudonormonatremia may also occur as a result of  
severe hypoproteinemia, not infrequently observed in 
diabetics with nephrotic or malabsorption syndromes. 
In lipemic or hypoproteinemic samples the direct ion-
selective electrodes (ISE) method for the measurement 
of  serum sodium should be used, since the indirect ISE 
is prone to spurious dysnatremias[22]. 

It is known that rapid correction of  serum sodium 
may be followed by development of  central demyelinating 
lesions, particularly in the pons (a disorder called central 
pontinemyelinolysis orosmotic demyelination) with major 
disability or even fatal outcome[2]. Diabetics may have an 
increased risk for the osmotic demyelination syndrome 
(ODS) during correction of  hyponatremia since risk fac-
tors for this disorder (thiazide diuretics, malnutrition, hy-
pokalemia, and hypoxia)[23] are not infrequently present in 
such patients. Hypokalemia is also associated with a poor 
outcome in patients who develop the syndrome[24]. 

It should be emphasized that ODS is mainly observed 
during overly rapid correction of  chronic hyponatremia. 
However, in diabetic patients hypernatremia and hypoka-
lemia (in the absence of  hyponatremia or hyperosmolal-
ity) are rarely associated with ODS. The mechanism by 
which these electrolyte disorders may cause ODS in the 
diabetic state is not yet known[25,26]. 

It has been suggested that in cases of  nonketotic 
hyperglycemic hyperosmolar syndrome (HHS) altered 
mental status is predicted best by [Na+]; serum glucose 
concentration alone is considered a poor indicator. In fact, 
there is evidence that hyperglycemic patients with hyper-
tonicity are symptomatic only if  hypernatremia is pres-
ent[5,27]. On the contrary, neurological symptoms may be 
absent in the context of  severe gradually developing hy-
perglycemia[27,28]. This could be attributed to the capacity 
of  the brain tissue to restore intracellular water by accu-
mulating electrolytes and the so-called idiogenic osmoles. 
Furthermore, the brain cells are relatively permeable to 
glucose even in the absence of  insulin[28,29]. Therefore, hy-
perglycemia by itself  does not create severe hypertonicity 
in central nervous system (CNS)[28]. On the other hand, 
hypernatremia induces severe cellular dehydration in CNS 
cells. This state is associated with a rather slow compensa-
tory accumulation of  brain osmolar content[28].

The development of  hypernatremia is associated 
with endocrine dysfunction. There is some evidence in 
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In contrast, acidemia probably does not play a major role 
given that organic acids are much less likely to influence 
the internal K+ distribution[44]. Insulin therapy lowers K+ 
concentration driving K+ into cells (both directly and 
indirectly by reversing hyperglycemia). Therefore, insu-
lin therapy may cause severe hypokalemia, particularly 
in patients with a normal or low serum K+ concentra-
tion at presentation. Insulin administration in patients 
with massive K+ deficits who are hypokalemic prior to 
therapy should be delayed until the serum K+ is above 
3.3 mEq/L to avoid possible arrhythmias, cardiac arrest 
and respiratory muscle weakness[42,45,46]. It is obvious that 
the risk of  hypokalemia-related complications is particu-
larly higher in diabetic subjects who have hypertension, 
myocardial infarction/ischemia, or heart failure as co-
morbidities. In addition, since diabetics are frequently on 
diuretics, diuretic-associated hypokalemia (as well as hy-
pomagnesemia and hypophosphatemia) should be taken 
into account in this setting.

Hypokalemia is associated with impaired insulin secre-
tion and decreased peripheral glucose utilization resulting 
in carbohydrate intolerance and hyperglycemia[47]. This 
is particularly problematic in diabetic patients causing a 
vicious circle where low serum K+ levels lead to poorly 
controlled DM and vice versa. 

HYPERKALEMIA
The incidence of  hyperkalemia is higher in diabetic pa-
tients than in the general population[48,49]. Redistribution 
of  potassium from the intracellular to the extracellular 
compartment (shift hyperkalemia) can induce hyperkale-
mia with no net total body K+ increase. Examples of  shift 
hyperkalemia in DM include acidosis (for each 0.1 fall in 
pH, potassium increases by approximately 0.4 mmol/L), 
insulin deficiency, hypertonicity, cell lysis (rhabdomyoly-
sis), and drugs (e.g., beta blockers). Reduced glomerular 
filtration of  K+ (due to acute kidney injury and chronic 
kidney disease) and many drugs that interfere with K+ 

excretion are associated with hyperkalemia. These include 
angiotensin-converting enzyme inhibitors, angiotensin 
Ⅱ receptor blockers, renin inhibitors, beta blockers and 
potassium-sparing diuretics. Of  note, the typical healthy 
diabetic diet is often rich in K+ and low in sodium con-
tributing to the occurrence of  hyperkalemia in suscep-
tible individuals[48,49]. Nevertheless, the most common 
causal factor of  chronic hyperkalemia in diabetics is the 
reduced tubular secretion of  K+ due to the syndrome 
of  hyporeninemic hypoaldosteronism[50]. This syndrome 
is characterized by mild to moderate renal insufficiency 
and patients typically present with asymptomatic hyper-
kalemia. The development of  overt hyperkalemia is most 
common in patients with other risk factors that further 
impair the efficiency of  potassium excretion, such as re-
nal insufficiency, volume depletion, or the use of  medica-
tions that interfere with potassium handling (see above). 

Of  note, dapagliflozin (a SGLT2 inhibitor) may be 
protective from the development of  hyperkalemia in 

animals and man that hypernatremia and hyperosmolarity 
are associated with impairment of  both insulin-mediated 
glucose metabolism and glucagon-dependent glucose 
release[30-33]. Thus, hypernatremia and hyperosmolar-
ity should be considered as contributing factors to the 
occurrence of  hyperglycemia in critically ill patients[34]. 
Moreover, hypernatremia is implicated in the profound 
inhibition of  gonadotrophin release in postmenopausal 
diabetic women with HHS. Although the underlying 
mechanisms remain unknown, it appears that hypernatre-
mia induces a decrease in gonadotrophin-releasing hor-
mone expression in GT1-7 neurons[35]. 

Rhabdomyolysis, though uncommon, has been de-
scribed in the diabetic state[36]. It appears that high serum 
sodium and glucose levels represent the most important 
determinants for the occurrence of  this complication[37]. 

HYPOKALEMIA
The causes of  hypokalemia in diabetics include: (1) redis-
tribution of  potassium [K+] from the extracellular to the 
intracellular fluid compartment (shift hypokalemia due to 
insulin administration); (2) gastrointestinal loss of  K+ due 
to malabsorption syndromes (diabetic-induced motility 
disorders, bacterial overgrowth, chronic diarrheal states); 
and (3) renal loss of  K+ (due to osmotic diuresis and/or 
coexistent hypomagnesemia). Hypomagnesemia can 
cause hypokalemia possibly because a low intracellular 
magnesium [Mg2+] concentration activates the renal outer 
medullary K+ channel to secrete more K+[38].

Exogenous insulin can induce mild hypokalemia be-
cause it promotes the entry of  K+ into skeletal muscles 
and hepatic cells by increasing the activity of  the Na+-K+-
ATPase pump[39]. The increased secretion of  epinephrine 
due to insulin-induced hypoglycemia may also play a 
contributory role[40]. The major setting in which insulin 
administration leads to hypokalemia is during the treat-
ment of  severe hyperglycemia. The majority of  patients 
with diabetic ketoacidosis (DKA) and HHS are markedly 
K+-depleted. The average K+ deficit is 3-5 mEq/kg, but 
it can exceed 10 mEq/kg in some cases[41,42]. A number 
of  factors contribute to the DKA- and HHS-associated 
potassium depletion, including vomiting, increased renal 
losses due to the osmotic diuresis and ketoacid anion 
excretion, and the loss of  K+ from the cells due to gly-
cogenolysis and proteolysis[41,43]. On admission, however, 
the serum K+ levels are usually normal, or, in about one-
third of  patients, increased despite the K+ depletion[41,43]. 
It is thought that hyperosmolality and insulin deficiency 
are primarily responsible for the relative rise in the serum 
potassium concentration in this setting. As mentioned, 
hyperglycemia increases serum osmolality resulting in 
movement of  water out of  cells. The loss of  intracellular 
water leads to an increased intracellular K+ concentra-
tion, favoring a gradient for K+ to move out of  the cells. 
Simultaneously, the friction forces between solvent (wa-
ter) and solute can result in K+ being carried along with 
water through the water pores in the cell membrane[43]. 
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patients with moderate renal impairment due to osmotic 
diuresis[17]. However, the administration of  SGLT2 inhib-
itors in hypovolemic patients may cause elevated serum 
creatinine levels and decreases in glomerular filtration rate 
due to deterioration of  intravascular volume contraction. 
Indeed, worsening renal function and hyperkalemia may 
occur in patients on canagliflozin, particularly those pre-
disposed to hyperkalemia due to impaired renal function, 
medications or other medical conditions[51]. Hyporenin-
emic hypoaldosteronism is more frequently observed 
in diabetic and elderly patients as well as in those with 
chronic renal impairment. Diabetic nephropathy ac-
counts for 43%-63% of  cases comprising the most com-
mon cause of  hyporeninemic hypoaldosteronism[33,50,52]. 
Normal ageing, especially after the sixth decade, is as-
sociated with a decline in renin production. Moreover, 
elderly patients may have decreased renal function even 
without significant elevations in serum creatinine levels 
[< 1.2 mg/dL (106 μmol/L)]. Consequently, diabetics 
(especially the elderly) on medications known to interfere 
with K+ homeostasis are at increased risk for hyperkale-
mia[33,53]. In such cases, close K+ monitoring is fully war-
ranted[54]. Clinicians must also be alert that hyperkalemia 
in patients with type 1 DM may be due to concurrent 
adrenal insufficiency in the setting of  autoimmune poly-
glandular syndrome[55]. 

HYPOMAGNESEMIA
Hypomagnesemia is a frequent electrolyte disorder in 
diabetic patients[56]. Recently, DM was identified as an 
independent risk factor for hypomagnesemia in commu-
nity subjects aged 55 years or more (OR = 3.32; 95%CI: 
2.00-5.50)[3]. In a recent prospective study in hypomagne-
semic patients (either on admission or during hospitaliza-
tion in an internal medicine clinic) DM was evident in a 
considerable proportion (40%), mainly as a contributing 
factor. Osmotic diuresis accompanied by inappropriate 
magnesiuria was the prominent underlying mechanism of  
hypomagnesemia in these diabetic patients[57]. Except for 
glucosuria, several other possible explanations for hypo-
magnesemia in DM have been reported. These include 
poor dietary intake, glomerular hyperfiltration, altered 
insulin metabolism, diuretic administration and recur-
rent metabolic acidosis[56]. Increased gastrointestinal Mg2+ 
losses due to diarrhea as a result of  diabetic autonomic 
neuropathy can also cause low serum Mg2+ levels. Of  
note, a case of  symptomatic hypomagnesemia [serum 
Mg2+ concentration 0.66 mEq/L (0.33 mmol/L), refer-
ence range 1.42-1.84 mEq/L (0.71-0.94 mmol/L)] was 
attributed to metformin-induced diarrhea[58]. Further-
more, insulin promotes net shift of  Mg2+ from extracel-
lular to intracellular space and can contribute to hypo-
magnesemia[59,60]. The increased secretion of  epinephrine 
due to insulin-induced hypoglycemia may also play a role. 
The risk of  hypomagnesemia related to insulin therapy is 
increased in poorly controlled diabetic patients given that 
hyperglycemia induces increased renal Mg2+ loss via os-

motic diuresis. Hypokalemia, hypophosphatemia as well 
as acidosis-related urinary Mg2+ losses contribute to the 
high incidence of  hypomagnesemia in the setting of  dia-
betic ketoacidosis[61,62]. It should be noted that hypoalbu-
minemia is associated with spurious hypomagnesemia. In 
hypoalbuminemic states (serum albumin < 4 g/dL) the 
corrected serum Mg2+ should be calculated using the for-
mula: corrected Mg2+ (mEq/L) = measured Mg2+(mEq/
L) + 0.01 × (40 - albumin in g/L)[63]. 

Mg2+ is essential for life being involved in numerous 
enzymatic reactions, including ATP use, cell membrane, 
ion channels and mitochondrial function, as well as 
protein synthesis. The most clinically significant conse-
quences of  hypomagnesemia are ascribed to alterations 
in the function of  excitable membranes in nerve, muscle, 
and the cardiac conducting system. Moreover, low serum 
Mg2+ levels can secondarily induce hypokalemia, hypocal-
cemia, and hypophosphatemia, potentially causing further 
derangements in neuromuscular and cardiovascular phys-
iology. Hypomagnesemia has been implicated in various 
long-term complications of  DM, such as hypertension, 
increased carotid wall thickness, coronary artery disease, 
dyslipidemia, diabetic retinopathy, neuropathy, ischemic 
stroke, and foot ulcerations[56]. Hypomagnesemia has also 
been linked to diabetic nephropathy (from microalbumin-
uria to advanced renal disease)[64-66]. It has been proposed 
that hypomagnesemia is a predictor of  end-stage renal 
disease in patients with diabetic nephropathy[66]. In addi-
tion, magnesium deficit is associated with carbohydrate 
intolerance and insulin resistance, thus inducing or wors-
ening existing DM[67,68]. On the contrary, increased dietary 
Mg2+ intake has been associated with a reduced risk of  
type 2 DM[69]. 

HYPOCALCEMIA
Patients with DM have an increased risk for development 
of  acute renal failure due to volume depletion, sepsis, 
rhabdomyolysis and drugs (e.g., radiographic contrast me-
dia). In this setting severe hyperphosphatemia may occur 
when phosphorus cannot be excreted by the malfunc-
tioning kidney either with or without increased cell catab-
olism, thus resulting in hypocalcemia. Advanced chronic 
renal insufficiency may be associated with hypocalcemia 
due to accompanying hyperphosphatemia and low levels 
of  vitamin D. Patients with nephrotic syndrome may ex-
hibit hypocalcemia, even if  the glomerular filtration rate 
is well preserved. This is attributed to the loss of  25-hy-
droxyvitamin D3 and its binding protein in the urine. 
Hypomagnesemia is another potential cause of  hypocal-
cemia in diabetics. Mg2+ depletion leads to hypocalcemia 
mainly because of  impaired release of  parathyroid hor-
mone (PTH) or skeletal and renal tubule resistance to the 
action of  PTH[1]. Vitamin D deficiency and furosemide 
administration may also play a role in the occurrence of  
hypocalcemia[70]. There is evidence that diabetic patients 
are relatively hypoparathyroid[71]. In fact, a mild shift 
downwards in the set-point for PTH secretion in patients 
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with insulin-dependent DM as well as a diminished para-
thyroid gland responsiveness to hypocalcemia in uremic 
diabetic patients have been reported[72,73]. 

Hypoalbuminemia is associated with pseudohypo-
calcemia defined as a reduction of  total serum calcium 
concentration in the presence of  normal ionized serum 
calcium levels. In hypoalbuminemic states, one of  the 
commonly used formulas to correct total calcium levels 
is by adding 0.8 mg/dL (0.2 mmol/L) to measured cal-
cium values for every 1 g/dL decrease in serum albumin 
from normal value (assumed to be 4 g/dL). Given that 
the accuracy of  this method is poor (particularly among 
critically ill and geriatric patients), the biologically active 
ionized calcium concentration should be measured when 
possible[1,74]. 

HYPERCALCEMIA
The incidence of  DM in primary hyperparathyroidism 
and that of  primary hyperparathyroidism in DM is ap-
proximately 8% and 1%, respectively. Both values are 
about three-fold higher than that anticipated in the gener-
al population[75]. Hyperparathyroidism is related to long-
term insulin resistance and relative insulin insufficiency, 
leading to overt DM or deterioration of  glycemic control 
of  established DM[75,76]. It is thought that an elevated 
intracellular free calcium concentration (by decreasing 
normal insulin-stimulated glucose transport) increases the 
requirement for insulin, resulting in hyperparathyroidism-
mediated insulin resistance[75]. Diabetic patients should 
be evaluated for hypercalcemia given that untreated 
hyperparathyroidism is linked to hypertension[75,77]. The 
detection of  high serum calcium levels in a patient with 
type 1 DM should raise the suspicion that autoimmune 
hyperparathyroidism associated with anti-calcium-sensing 
receptor autoantibodies may be present[78]. Recently, a 
case of  severe hypercalcemia [15 mg/dL (3.75 mmol/L)] 
in DKA was reported[79]. Dehydration might represent 
the most important causative factor for the occurrence 
of  hypercalcemia in this case. A decreased bone forma-
tion due to metabolic acidosis and an increased bone 
mineral dissolution and resorption due to severe insulin 
deficiency and metabolic acidosis may also play a role[80]. 
Hyperglycemia-mediated inhibition of  bone mineral-
ization, insulin growth factor-1 deficiency, hypophos-
phatemia and immobilization are also included among 
the potential contributory factors of  hypercalcemia in 
DKA[79,81,82]. Also, diabetic patients on thiazide diuretics 
are more prone to exhibit hypercalcemia.

HYPOPHOSPHATEMIA
Diabetic patients have underlying conditions that predis-
pose to the development of  hypophosphatemia. These 
include primary hyperthyroidism, vitamin D deficiency, 
malabsorption, and the use of  diuretics (thiazides and 
furosemide)[83]. It is known that increased insulin levels 
promote the transport of  both glucose and phosphate 
into the skeletal muscle and liver cells. However, in nor-

mal subjects the administration of  insulin leads only to a 
slight decrement of  serum phosphate levels. The risk of  
severe hypophosphatemia is increased in cases of  under-
lying phosphate depletion[62,84]. Decompensated DM with 
ketoacidosisis associated with excessive phosphate loss 
due to osmotic diuresis. Despite phosphate depletion, the 
serum phosphate concentration at presentation is usu-
ally normal or even high because both insulin deficiency 
and metabolic acidosis cause a shift of  phosphate out of  
cells[85]. Administration of  insulin and fluids, and correc-
tion of  ketoacidosis may reveal phosphate deficiency and 
cause a sharp decrease in plasma phosphate concentra-
tion due to intracellular shift[83].

In a study of  69 patient with DKA, the incidence of  
hyperphosphatemia was 94.7% at presentation. The mean 
serum phosphate concentration fell from 9.2 mg/dL (3 
mmol/L) to 2.8 mg/dL (0.9 mmol/L) 12 h after initiating 
treatment, while some patients exhibited values as low as 
1.0 mg/dL (0.32 mmol/L)[85]. 

The routine administration of  phosphate during tre-
atment of  DKA and HHS is not recommended since 
randomized trials failed to show any clinical benefit from 
phosphate administration[42,83,86,87]. What is more, cor-
rection of  hypophosphatemia may have adverse effects, 
such as hypocalcemia and hypomagnesemia[42,83,88]. Care-
ful phosphate replacement is required in patients with 
severe hypophosphatemia of  less than 1.0 mg/dL (0.32 
mmol/L) and in patients who develop cardiac dysfunc-
tion, hemolytic anemia, or respiratory depression[42,89,90]. 

CONCLUSION
Electrolyte abnormalities are common in diabetic patients 
and may be associated with increased morbidity and 
mortality. These disturbances are particularly common in 
decompensated DM, in the elderly as well as in the pres-
ence of  renal impairment. Patients with DM may receive 
complex drug regimens some of  which may be associated 
with electrolyte disorders. Discontinuation of  these medi-
cations, when possible, as well as strict control of  glyce-
mia are of  paramount importance to prevent electrolyte 
abnormalities in diabetic patients. The successful manage-
ment of  these disorders can best be accomplished by elu-
cidating the underlying pathophysiologic mechanisms.
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may therefore be more promising to promote reverse 
cholesterol transport with agents that directly target 
foam cells. Macrophage expression of the cholesterol 
transport proteins adenosine triphosphate binding cas-
sette transporter A1, adenosine triphosphate binding 
cassette transporter G1, and scavenger receptor class 
B member 1 is transcriptionally up-regulated by acti-
vated liver X receptors (LXR), whereas nuclear factor 
(NF)-kappaB antagonizes their expression. Taurine, 
which inhibits atherogenesis in rodent studies, has just 
been discovered to act as a weak agonist for LXRalpha. 
Conversely, it may be possible to oppose NF-kappaB 
activation in macrophages with a range of measures. 
Induction of heme oxygenase-1, which can be attained 
with phase 2 inducer phytochemicals such as lipoic acid 
and green tea catechins, promotes reverse cholesterol 
transport in macrophages and inhibits atherogenesis in 
rodents, likely due to, in large part, NF-kappaB antago-
nism. Inhibition of macrophage nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase activity with 
the spirulina-derived bilirubin-mimetic phycocyanobilin 
may also oppose NF-kappaB activation, and salicylic 
acid similarly should be useful for this purpose. The 
5' adenosine monophosphate-activated protein kinase 
activator berberine promotes macrophage reverse cho-
lesterol transport in cell culture; metformin probably 
shares this property. Many of these measures could 
also be expected to promote plaque stability by sup-
pressing foam cell production of inflammatory cytokines 
and matrix metalloproteinases, and to reduce intimal 
monocyte infiltration by anti-inflammatory effects on 
vascular endothelium. Direct targeting of foam cells 
with agents such as phase 2 inducers, spirulina, salicy-
late, taurine, and berberine or metformin, may hence 
have considerable potential for preventing and revers-
ing atheroma, and for preventing the plaque rupture 
that triggers vascular thrombosis. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
Although high density lipoprotein (HDL)-mediated re-
verse cholesterol transport is crucial to the preven-
tion and reversal of atheroma, a recent meta-analysis 
makes evident that current pharmaceutical strategies 
for modulating HDL cholesterol levels lower cardio-
vascular risk only to the extent that they concurrently 
decrease low density lipoprotein (LDL) cholesterol. This 
corresponds well with findings of a recent Mendelian 
randomization analysis, in which genetic polymor-
phisms associated with HDL cholesterol but no other 
known cardiovascular risk factors failed to predict risk 
for myocardial infarction. Although it is still seems ap-
propriate to search for therapies that could improve 
the efficiency with which HDL particles induce reverse 
cholesterol transport, targeting HDL cholesterol levels 
per se  with current measures appears to be futile. It 
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Core tip: Reverse cholesterol transport from foam cells 
is of key importance to prevention and control of ath-
erosclerosis. This essay reviews the molecular biology of 
foam cell regulation, and proposes that certain agents 
may be capable of acting directly on foam cells to am-
plify reverse cholesterol transport while also promot-
ing plaque stability by limiting foam cell production of 
inflammatory cytokines and matrix metalloproteinases. 
Phase 2 inducers such as lipoic acid and green tea cat-
echins, spirulina, salicylate, taurine, and 5' adenosine 
monophosphate-activated protein kinase activators 
such as metformin or berberine, appear to have poten-
tial in this regard-while acting in additional ways to ben-
efit vascular health. 

Uitz E, Bahadori B, McCarty MF, Moghadasian MH. Practi-
cal strategies for modulating foam cell formation and behavior. 
World J Clin Cases 2014; 2(10): 497-506  Available from: URL: 
http://www.wjgnet.com/2307-8960/full/v2/i10/497.htm  DOI: 
http://dx.doi.org/10.12998/wjcc.v2.i10.497

PHARMACEUTICAL HIGH DENSITY 
LIPOPROTEIN MODULATION HAS 
PROVED DISAPPOINTING
Although reverse cholesterol transport from foam cells 
mediated by high density lipoprotein (HDL) particles 
clearly plays a key role in the prevention and control 
of  atherosclerosis (Figure 1) and its complications[1-3], a 
recent meta-analysis strongly suggests that current phar-
maceutical measures for increasing HDL cholesterol (e.g., 
niacin, fibrates, cholesterylester transfer protein inhibi-
tors) do not enhance health outcomes in at-risk subjects-
or rather, only do so to the extent that, like niacin, they 
favorably influence other determinants of  atherogenesis 
such as low density lipoprotein (LDL) and apoB-bearing 
lipoproteins[4]. The failure of  niacin in the AIM-HIGH 
trial-despite evidence of  benefit in other studies[5,6]-
might then be explained by the fact that patients in the 
control group received a higher dose of  statin such that 
reductions of  LDL cholesterol were equivalent in each 
group[7]. Analogously, a Mendelian randomization analy-
sis has determined that genotypes associated with elevat-
ed HDL cholesterol (but no other known determinants 
of  cardiovascular risk), are not associated with a decline 
in risk for myocardial infarction[8]. A similar analysis 
focusing on genetic determinants of  LDL cholesterol 
provides striking confirmation of  LDL’s pathogenic-
ity[9]. The well-established epidemiological association of  
low HDL cholesterol with increased cardiovascular risk 
might therefore reflect the fact that low HDL cholesterol 
levels can serve as a marker for metabolic states-such 
as the metabolic syndrome-that are truly pathogenic; a 

similar analysis applies to moderately elevated homo-
cysteine. There still may be scope for developing new 
drugs or procedures that improve the capacity of  HDL 
particles to achieve reverse transport[10-13]-but available 
pharmaceutical agents capable of  elevating HDL choles-
terol do not seem to have that property. As the authors 
of  the recent meta-analysis note: “Raising high density li-
poprotein cholesterol without considering effects on high 
density lipoprotein function seem to have little promise 
for the prevention of  cardiovascular events”[4]. 

It bears mentioning that the low HDL cholesterol 
levels seen in subjects carrying the Milano variant of  
apoA-1 are not associated with aggravated cardiovascular 
risk[14]; perhaps this reflects the efficiency with which Mi-
lano HDL delivers cholesterol to the liver for catabolism. 
Conversely, the elevation of  HDL cholesterol associ-
ated with niacin therapy may reflect the fact that clini-
cal concentrations of  niacin impede the liver’s ability to 
catabolize holo-HDL particles[15]; while this increases the 
circulating apoA-1 pool, the amount of  cholesterol per 
HDL particle also rises. Whether the increase in HDL 
associated with moderate alcohol consumption-likely at-
tributable to enhanced hepatic synthesis of  apoA-1[16]-
is partially responsible for the decrease in cardiovascular 
risk observed in by prudent drinkers, is not yet clear; acti-
vation of  5’ adenosine monophosphate-activated protein 
kinase (AMPK) by ethanol-derived acetate may contrib-
ute to alcohol’s vascular benefits[17]. 

TARGETING FOAM CELLS DIRECTLY TO 
MODULATE FOAM CELL FORMATION 
AND BEHAVIOUR
Despite the seeming inutility of  current efforts to modu-
late HDL, it may still be feasible to promote reverse 
cholesterol transport with agents that act directly on 
foam cells to enhance their capacity to export cholesterol. 
Moreover, some of  these agents could be expected to 
decrease foam cell uptake of  modified LDL particles, and 
to work in other ways to promote plaque stabilization. 

Egress of  cholesterol from macrophages and foam 
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Figure 1  An atherosclerotic plaque at its early stage of development in 
the thoracic aorta of an apolipoprotein E-KO mouse is illustrated. The 
plaque is primarily composed of apparent foam cells. HE staining × 400. 



cells is mediated by several membrane transport proteins, 
namely adenosine triphosphate binding cassette trans-
porter A1 (ABCA1), adenosine triphosphate binding 
cassette transporter G1 (ABCG1), and scavenger recep-
tor class B member 1 (SRB-1); ABCA1 preferentially 
interacts with lipid-poor apoA-1, ABCG1 can transfer 
cholesterol to all HDL particles, and SRB-1 interacts 
with a wide range of  lipoproteins[18]. The transcription of  
ABCA1 and ABCG1 is promoted by the liver X recep-
tors (LXR) receptor, a transcription factor whose physi-
ological activation is mediated by certain hydroxylated 
metabolites of  cholesterol produced within macrophages 
which can function as ligands for LXR[19,20]. Increased 
intracellular cholesterol in macrophages also promotes 
increased expression of  SRB-1, although this effect 
does not seem to be mediated via LXR[21]. In this way, 
increased cholesterol uptake by macrophages provokes 
a compensatory increase in cholesterol export induced 
by cholesterol metabolites. This LXR-mediated promo-
tion of  reverse cholesterol transport via HDL can be 
antagonized by a number of  pro-inflammatory cytokines 
and agonists which have the common effect of  activat-
ing nuclear factor (NF)-kappaB; concurrent suppression 
of  NF-kappaB activity largely eliminates this inhibition 
of  reverse cholesterol transport[22-27]. NF-kappaB activity 
somehow opposes the transcription of  ABCA1, ABCG1, 
and SRB-1; how this occurs is still unclear. The balance 
between LXR and NF-kappaB activities is hence a key 
determinant of  foam cell formation. NF-kappaB activa-
tion also is a mediator of  inflammatory cytokine produc-
tion by foam cells, and can promote plaque destabiliza-
tion by inducing production of  matrix metalloproteinases 
(MMP)[25,28]-whereas LXR suppresses production of  
MMP-9[29].

Heme oxygenase-1, phase 2 inducers, bilirubin, and 
spirulina 
A number of  studies reveal that induction of  heme oxy-
genase-1 (HO-1) in foam cells promotes reverse choles-
terol transport, induces increased expression of  ABCA1, 
ABCG1, and SRB-1, and acts in other ways to suppress 
foam cell production of  pro-inflammatory cytokines 
and plaque-destabilizing metalloproteinases[30-37]. Hence, 
HO-1 induction can aid prevention of  plaque forma-
tion, promote plaque regression, and render plaque more 
stable. Suppression of  NF-kappaB activation appears 
likely to underlie many of  these protective effects, since 
HO-1 activity has been shown to impede NF-kappaB 
activation in a number of  circumstances[38-47]. There ap-
pears to be no evidence that HO-1 could influence LXR 
function. Macrophage HO-1 induction can also oppose 
AP-1 activation, an effect which could be expected to 
reduce uptake of  modified LDL by diminishing expres-
sion of  the SR-A receptor[32,33]. The respective roles of  
HO-1 products carbon monoxide and biliverdin/biliru-
bin in favorable modulation of  foam cell function have 
not yet been clarified. As HO-1 can be induced by phase 
2-inductive phytochemicals via the Nrf2 transcription fac-

tor[48], such agents evidently have potential for promoting 
reverse cholesterol transport and aiding prevention, re-
gression, and stabilization of  plaque. Lipoic acid, a broad 
range of  flavanoids (including notably green tea cat-
echins), isothiocyanates from crucifera, and organosulfur 
compounds from garlic and onions, can serve as phase 
2 inducers[49-57]-albeit what intakes of  these might have a 
functionally significant impact on HO-1 in foam cells is 
unknown. Lipoic acid is of  particular interest in this re-
gard, inasmuch as well-defined dose schedules (600-1800 
mg daily) exert protective effects in diabetic neuropathy, 
which seem likely to reflect phase 2 induction[58]. Not sur-
prisingly, lipoic acid exerts anti-atherosclerotic activity in 
rodents[59-62]. 

The antioxidant effects of  HO-1 are mediated largely 
by bilirubin, which functions physiologically to inhibit 
certain isoforms of  nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase[63-66]. The inverse correla-
tion of  serum bilirubin levels with cardiovascular risk 
observed in many epidemiological studies[67-69] may well 
reflect the antioxidant impact of  free bilirubin on the vas-
cular wall-endothelium, foam cells, and smooth muscle 
cells. A number of  agonists which stimulate NF-kappaB 
activity in macrophages concurrently activate NADPH 
oxidase, which boosts NF-kappaB activation via oxidant 
mechanisms[70-79]. It is therefore reasonable to suspect 
that HO-1 induction promotes reverse cholesterol trans-
port, in part, by suppressing the up-regulatory impact of  
NADPH oxidase on NF-kappaB activity. Consistent with 
this possibility, the ability of  advanced glycation end-
products to suppress expression of  ABCA1 and ABCG1 
expression in macrophages is blocked by inhibitors of  
NADPH oxidase[80,81]. Macrophage NADPH oxidase ac-
tivity could also be expected to promote foam cell forma-
tion by promoting oxidative modification of  LDL.

Recent studies indicate that bilirubin’s antioxidant 
effect can be mimicked by phycocyanobilin (PhyCB), a 
prominent light-absorbing chromophore in cyanobacteria 
such as spirulina; PhyCB is a metabolite and close struc-
tural analog of  biliverdin, the precursor of  bilirubin[82,83]. 
Not surprisingly, the only study to date which has evalu-
ated oral administration of  spirulina or its PhyCB-bearing 
protein phycocyanin in a rodent model of  atherogenesis 
(cholesterol-fed hamsters) observed a profound anti-
atherosclerotic effect[84]. An anti-inflammatory impact 
on vascular endothelial cells, coupled with a suppressive 
impact on intimal foam cell formation, seems likely to ac-
count for this observation. The ability of  bilirubin and of  
PhyCB to maintain reverse cholesterol transport in mac-
rophages stimulated with various pro-inflammatory ago-
nists that otherwise would inhibit it, should be assessed. 

Salicylate suppresses NF-kappaB activity
Activation of  NF-kappaB can often be suppressed more 
directly with salicylate, a direct inhibitor of  inhibit the in-
hibitor of  nuclear factor kappa-B kinase beta (IKK-beta), 
in clinical doses that do not entail important inhibition of  
cyclooxygenase, and hence are relatively safe[85-88]. In foam 
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favorably influence platelet stability, blood pressure, and 
the failing heart[107]. The continuing neglect of  this inex-
pensive and well tolerated nutrient by clinical researchers 
is mystifying.

AMPK activators 
The anti-diabetic nutraceutical berberine, whose clinical 
efficacy resembles that of  metformin in being contingent 
on activation of  AMPK, has exerted anti-atherogenic 
effects in some but not all rodent models of  this disor-
der[108-110]. The AMPK activator AICAR has been shown 
to promote reverse cholesterol transport in cultured mac-
rophages by boosting expression of  ABCG1[111]. Studies 
examining the impact of  berberine on cultured macro-
phages report that it can exert a range of  effects likely to 
antagonize foam cell formation and stabilize plaque-in-
hibiting activation of  NADPH oxidase and NF-kappaB, 
inhibiting MMP-9 expression, and antagonizing choles-
terol accumulation by inducing expression of  ABCA1 or 
SRB-1, or suppressing expression of  the LOX-1 LDL 
receptor for oxidized LDL[112-114]. On the other hand, one 
study found that berberine exposure increased macro-
phage uptake of  modified LDL by increasing expression 
of  the SRA-1 receptor[115]. The impact of  metformin on 
foam cell function appears to have received little or no 
study. In vivo, berberine could also be expected to reduce 
foam cell formation by decreasing circulating LDL; it 
boosts hepatocyte expression of  the LDL receptor by a 
mechanism that is complementary to that of  statins[116].

CONCLUSION
It should not go unnoted that many of  the agents dis-
cussed here-notably phase 2 inducers[117-122], PhyCB[123-125], 
salsalate[126-128], and berberine or metformin[129-134]-have the 
potential to impede foam cell formation by exerting anti-
inflammatory effects on endothelial cells that would be 
expected to impede monocyte migration across the en-
dothelial barrier into arterial intima. Each of  these agents 
can work in various ways to inhibit endothelial NF-kap-

cells in vitro, aspirin (which shares salicylate’s capacity to 
inhibit IKK-beta) was found to suppress the transcrip-
tional activity of  NF-kappaB and-likely as a result - boost 
expression of  ABCA1 and SRB-1 while suppressing that 
of  matrix metalloproteinase-9 (a mediator of  plaque in-
stability)[25]. In doses of  3-4.5 g daily, salicylate (preferably 
as salsalate) has been shown to modestly aid glycemic 
control in diabetics, likely via its inhibition of  IKK-be-
ta[89-91]; it might be feasible to employ salicylate in compa-
rable doses to promote reverse cholesterol transport and 
stabilize plaque in patients with atheroma. 

Taurine as an LXR agonist
Pharmaceutical LXR agonists can promote reverse cho-
lesterol transport in macrophages, and some of  these 
are being evaluated as potential new drugs for control 
of  atherosclerosis[92-94]. Unfortunately, most such agents 
also boost hepatic lipogenesis via LXR activity, an effect 
viewed as undesirable[94]. A particularly intriguing recent 
discovery is that the essential cofactor taurine can act 
as a weak agonist for LXRalpha; moreover, taurine can 
enhance the expression of  ABCA1and ABCG1, and 
promote reverse cholesterol transport, in cultured macro-
phages[95]. Curiously, owing to a countervailing effect, tau-
rine fails to promote hepatic lipogenesis, and is very well 
tolerated[95]. A number of  studies have demonstrated that 
dietary taurine can impede atherogenesis in rodent mod-
els of  this disorder[96-103]; this effect is stronger than could 
be predicted from the modest hypolipidemic effects of  
taurine in rodents, and it would be of  interest to know 
whether a favorable impact on the function of  intimal 
macrophages plays a role in taurine’s anti-atherosclerotic 
activity. If  so, taurine-which appears to have minimal im-
pact on serum lipids in humans-might have clinical utility 
for preventing and controlling atherosclerosis[104,105]. Of  
related interest is the possibility that taurine’s antioxidant 
activity may be helpful for preventing LDL modifica-
tion mediated by hypochlorous acid, a myeloperoxidase 
product[106]. Moreover, rodent and limited clinical studies 
suggest that taurine supplementation has the potential to 
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genase-1; PhyCB: Phycocyanobilin.
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paB activity, which promotes the adhesion of  monocytes 
to the endothelial surface and their subsequent transmi-
gration (Figure 2)[135-137]. 

In summation-whereas current pharmaceutical strate-
gies for increasing HDL cholesterol appear to have little 
clinical utility (aside from those which concurrently lower 
LDL levels), other clinically feasible measures which 
directly influence intimal macrophages have the poten-
tial to promote reverse cholesterol transport, and hence 
achieve the primary purpose intended for HDL elevation. 
These measures include administration of  phase 2-induc-
ing nutraceuticals (such as lipoic acid, green tea catechins, 
and cruciferous isothiocyanates), spirulina or PhyCB, 
salsalate, taurine, and berberine. These effects are medi-
ated primarily by inhibition of  NF-kappaB activation or 
by LXRalpha agonism. Moreover, most of  these agents 
might be expected to impact foam cell function in other 
complementary ways that would be clinically useful-
suppressing macrophage uptake of  modified LDL, and 
inhibiting macrophage production of  inflammatory cyto-
kines and matrix metalloproteinases that could destabilize 
plaque. And most of  them, via direct anti-inflammatory 
effects on vascular endothelium, should also impede 
foam cell formation by suppressing transendothelial 
migration of  monocytes. These agents evidently merit 
further evaluation, both in animal models and ultimately 
clinical trials, as measures for preventing, reversing, and 
stabilizing arterial plaque. And the fact that most of  these 
agents are nutraceuticals suggests that they might be es-
pecially feasible for use in primary prevention.
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be 21%.
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Core tip: This review on Marjolin’s ulcer (MU) provides 
a comprehensive account of the key conceptual issues, 
historic background as well as recent updates on the 
management of MU developing in the post-burned le-
sions and scars. New concepts in the management in 
general and the evolving concepts in the prophylactic 
nodal treatment such as the sentinel lymph node map-
ping are highlighted. The epidemiologic and patho-
physiologic factors that surround the development of 
MU in the post-burned lesions are described in vertical 
depth with subsequent emphasis on the preventive 
aspects, which certainly hold the key to eradication of 
this dreadful menace.

Saaiq M, Ashraf B. Marjolin’s ulcers in the post-burned lesions 
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from: URL: http://www.wjgnet.com/2307-8960/full/v2/i10/507.
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INTRODUCTION
Malignant degeneration of  post-burned lesions and scars 
is an inevitable eventuality, afflicting at least 0.77%-2% 
of  the deep burns that had been allowed to heal by sec-
ondary intention, those which never healed completely 
and the unstable post-burned scars that frequently ulcer-
ate on trivial traumatic insults of  daily life activities[1-3]. 
Celsus AC deserves acknowledgment for his earliest rec-
ognition of  this phenomenon in the first century AD[4]. 
Later on in 1828, the French physician Marjolin JN etio-
logically classified ulcers as those due to “local” causes 
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Abstract
Marjolin’s ulcer (MU) represents malignant degenera-
tion that typically ensues over a period of time in the 
post-burned lesions and scars or any other chronic 
wound. This review highlights various facets of the 
presentation and management of MUs that originate 
from post-burned lesions. The incidence of MUs in 
such lesions is reported to be 0.77%-2%. This malig-
nancy characteristically develops in the areas of full 
thickness skin burns that had been allowed for weeks 
to months to heal spontaneously by secondary inten-
tion, or burn wounds which never healed completely 
over years and the unstable post-burned scars. In 
the majority of cases, the MU is a squamous cell car-
cinoma (SCC). The MUs contribute to an overall 2% 
of all SCCs and 0.03% of all basal cell carcinomas of 
the skin. Clinically MUs present in two major morpho-
logic forms. The commoner form is the flat, indurated, 
ulcerative variety while the less common form is the 
exophytic papillary variety. Lower limbs represent the 
most frequently affected body parts. Surgical resection 
of the primary tumor with 2-4 cm horizontal clearance 
margin, nodal clearance and radiotherapy constitute 
the cornerstones of effective oncologic management. 
Despite best efforts, the overall mortality is reported to 
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and those secondary to “internal” causes, however he 
couldn’t specifically recognize the malignant potential of  
these lesions[5,6]. Dupuytren[7] in 1839 provided full de-
scription of  a case of  amputation for a cancer in a patient 
who had suffered a sulfuric acid burn injury. Da Costa[8] in 
1903 was the first to coin the term Marjolin’s ulcer (MU) 
to describe malignant degeneration of  skin scars particu-
larly the post-burned scars.

Not surprisingly, MUs can emanate from any chronic 
wound or unhealed scar, however the neglected burn 
wounds constitute their commonest seats of  origin[9-11]. 
The following review focuses on the epidemiological and 
clinical details of  MU emanating in the aftermath of  burn 
injuries with a view to provide a comprehensive summary 
of  the key conceptual issues as well as recent updates on 
management for those who happen to be the frontline 
care providers for the patients with MU.

EPIDEMIOLOGIC CONSIDERATIONS
Whereas 0.77%-2% of  the post-burned wounds and 
scars are reported to undergo malignant degeneration[3], 

overall the post-burned wounds and scars contribute to 
2% of  all squamous cell carcinomas (SCCs) and 0.03% 
of  all basal cell carcinomas (BCCs) of  the skin[4].

MU is relatively commoner among males than fema-
les[12-15]. The exact explanation for this is not yet known, 
however more frequent initial burn trauma among males 
as well as their more prolonged exposure to sunlight are 
some of  the possible contributors to this higher frequen-
cy of  MU among males. No age is immune to MU with 
individuals from almost all age groups including children 
being afflicted worldwide[1-5]. MU has been reported 
among individuals of  all races[16-20].  

There is usually a prolonged latency period between 
sustaining initial burn insult and developing MU in the 
post-burned wounds and scars. There is considerable 
variation in this lag period reported in the published 
literature[1,2,13,14], ranging from as short as 6 wk[15] to as 
prolonged as 70 years[18]. The average latency period to 
malignant transformation is 35 years[1,21,22]. Based on the 
latency period, the MUs are subdivided into acute and 
chronic subtypes. The former type refers to the scar 
carcinoma that evolves within a year of  sustaining burn 
injury, while the later type refers to those that develop 
from then on[22]. The acute MU usually develops in as-
sociation with more superficial burn scars and is often a 
basal cell carcinoma on histology[23]. The latency period 
of  MU inversely relates to the patient’s age at the time of  
sustaining initial burn insult[24]. The younger the patient 
is at the time of  initial burn insult, the longer the time it 
takes to undergo the malignant transformation. Contrary 
to this, the older the patient at the time of  burn injury the 
shorter the lag period and more is the chance of  acute 
MU. Understandably, a newly acquired burn injury in an 
adult of  advancing age is more likely to evolve an acute 
MU, hence a biopsy of  all such lesions (of  a duration of  
> 6 wk) is imperative.

Although all underlying mechanisms of  burn injury 
pose an equal risk for subsequent malignant transfor-
mation, MU has been reported more frequently among 
those who had sustained flame burns as compared to 
the other burn injury mechanisms such as scalds, electric 
burn injuries, chemical burns, and contact burns. Except 
for the BCC where contact is the most frequent underly-
ing burn injury mechanism, the other histological types 
of  MU occur with equal frequency amongst flame, scalds 
and contact burn injuries[2].

Given the global statistics, the burden of  burn injuries 
is disproportionately shared across the globe with most 
of  its brunt being taken by the developing nations such 
as India, Bangladesh and Pakistan[25]. These countries 
together with other south Asian countries like Sri Lanka, 
Bhutan, Nepal, Maldives, and Afghanistan collectively 
constitute 20% of  the world’s population, however they 
contributed only 1.1% of  the total PubMed publications 
during the 25 years period from 1985-2009[26]. One can 
easily imagine the magnitude of  MU that certainly ex-
ists in these burn injury endemic countries but is under-
reported. These developing nations have recognized 
limitations of  their health care systems where the ideal 
treatment for acute burn injuries is often not instituted[27]. 
Also many of  the patients in these developing countries 
present late, when the MU is not amenable to curative 
resection. 

PATHOLOGIC CONSIDERATIONS
Etiopathogenesis of MU
MUs originating from post-burned scars possess certain 
peculiarities that make them distinct from other cuta-
neous malignancies. The exact mechanism of  how the 
malignant transformation supervenes the post-burned 
scars continues to be explored. Many theories have been 
proposed to provide possible explanations of  the mecha-
nisms involved, however no single theory alone can pro-
vide a satisfactory answer to all questions that surround 
this complex process of  malignant degeneration. 

As per Ewing J’s postulates[2,28], MU of  post-burned 
scars would meet the criteria such as evidence of  a burn 
scar, tumour within the boundaries of  the scar, no pre-
vious tumour in that location, tumour histology being 
compatible with the cell types found in the skin/scar and 
presence of  a lag period between the burn injury and the 
tumour development. The post-burned scars is certainly 
a mutogenic focus with continuous mitotic activity of  
regeneration and repair being in progress. The same rep-
resents the key mechanism that eventually triggers the 
malignant transformation[10,29,30]. A myriad of  factors have 
been postulated as possible contributors toward the pro-
cess of  malignant transformation. Among these include 
chronic irritation, repeated trauma, impaired immuno-
logic reactivity of  the scar tissue to tumour cells, release 
of  toxins from the unhealthy scar, relative avascularity 
of  the scar tissue, lymphatic obstruction within the scar 
tissue making it an inaccessible site for the body’s natural 
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immunosurveillance[2,10,31,32]. When the full thickness skin 
loss areas are allowed to heal by secondary intention, 

there is formation of  unstable depigmented substitution 
tissue which lacks the qualities of  normal skin. These 
unstable depigmented scars have reduced ability to with-
stand carcinogens[4,32]. Whether genetics or heredity have 
any contribution to the malignant degeneration of  the 
post-burned scars is not exactly known, however abnor-
malities in the p53 gene among these patients have been 
reported[33,34].

The major risk factors for the development of  post-
burn MU include healing of  full thickness skin burns 
by secondary intention, non-healing burn wounds, and 
fragile scars that ulcerate and are easily traumatized[1,2]. 
The post-burned scars is typically less resistant to injuries, 
heals poorly especially in body areas such as the joints.

Histopathology of MU
In most cases, the MU is an SCC (71%), followed by 
BCC (12%), melanoma (6%), sarcoma (5%), squamo-
basal cell carcinoma (1%), SCC-melanoma (1%) and oth-
er rare neoplasms (4%)[2]. A variety of  rare tumours may 
emerge in the post-burned wounds and scars and include 
fibrosarcoma, liposarcoma, dermatofibrosarcoma protu-
berans, and mesenchymal tumors[2,3,35,36]. The grade of  the 
MU can be defined as follows: grade Ⅰ : more than 75% 
of  the cells are differentiated; grade Ⅱ: 25%-75% of  the 
cells are differentiated; grade Ⅲ: less than 25% of  the 
cells are differentiated[10]. Grade of  the tumour has bear-
ing on the prognosis of  MU. In general, the incidence of  
metastasis increases with increasing grade and so is the 
worsening of  prognosis.

CLINICAL COSIDERATIONS
Clinical presentation
Clinically MU presents in two major morphologic for-
ms[18,37]. The commoner form is the flat, indurated, in-
filtrative, ulcerative variant while the other less frequent 
form is the exophytic papillary variety which is generally 
less severe. The well-differentiated exophytic lesions 
have a better prognosis than the poorly differentiated, 
ulcerated and infiltrating forms. Typically the edge of  the 
ulcerated lesion is everted and the floor has poor granula-
tion tissue (Figures 1-9 are representative photographs of  
some patients with MUs secondary to burn injuries).

A history of  a non healing post-burned wound of  full 
thickness skin loss should alert the clinician of  the pos-
sibility of  an MU. It is usually painless. The easy bleeding 
fragile areas may at times present with unprovoked bleed-
ing, offensive discharge or increasing pain. Superadded 
infection of  the wound may at times be the first clinical 
presentation[18,38,39]. 

Anatomic sites affected by MUs
Lower limbs constitute the most frequent site of  MUs. 
The other sites affected in order of  reducing frequency 
include head and neck region (face, scalp, neck), upper 
limbs and other body parts[2,3,35]. MU has been reported 
in post burned scars at rare locations such as the nose[40]. 
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Figure 1  Marjolin's ulcer in the left popliteal fossa region in a 45 years old 
lady who had sustained flame burn injury at the age of 13. There is charac-
teristic ulcer with everted edges and  poorly granulating floor. The surrounding 
skin shows post-burned sequel. Histopathology confirmed it to be well differenti-
ated squamous cell carcinom.

Figure 2  A 46 years male with 3 years history of ulceration and bleeding 
in right axilla. He had sustained scald burns at the age of 3. Biopsy confirmed 
it to be squamous cell carcinoma while computed tomography scan revealed 
metastasis in the axilla as well as chest. 

Figure 3  A 63 years old male presented with two years history of slowly 
progressive ulceration in the post burned white skin on his upper back. 
He had childhood scald burns at the age of 3 years, and had received burn 
injury treatment with months of dressings without skin grafting. Multiple biopsies 
revealed squamous cell carcinoma, while computed tomography scan revealed 
axillary nodal invasion without chest metastasis. Culture sensitivity revealed 
Methicillin resistant staphylococcus and pseudomonas aeruginsa. 
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Lower limbs are the commonest sites of  MU primarily 
owing to their more frequent involvement in burn injury 
insults involving full thickness skin loss. Additionally 
these patients often present with lesions around the knee 
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Figure 4  A lady aged 41, had sustained  burn injury secondary to light-
ning 3 years ago. She had her burn injuries  managed with months of dressing 
without skin grafting. Subsequently she had recurrent ulceration with bleeding 
from the unhealed wounds around the knee. Multiple biopsies of the lesions  re-
vealed well differentiated squamous cell carcinoma. The groin nodal basin was 
negative clinically as well as radiologically.

Figure 5  A 41 years male who had sustained flame burn injury to his left 
foot in childhood at the age of 4. The burn injury was managed with months 
of dressings and the wound never healed completely. There was  history of re-
current  bleeding and ulceration on the affected site. Multiple biopsies revealed 
moderately differentiated squamous cell carcinoma. The groin was clinically 
node positive.

Figure 6  A 36 years male had sustained chemical burn injury to his left 
cubital fossa 7 years ago. The initial burn injury was managed with dressings 
and had never healed completely. The patient had undergone wide local exci-
sion and split thickness skin grafting for Marjolin's ulcer three months ago. Later 
he presented with a recurrent nodule which was confirmed as squamous cell 
carcinom on histopathology while the axilla was node negative clinically. 

Figure 7  Right groin metastasis secondary to Marjolin's ulcer on the right 
side of ankle in 57 years male. Metastatic work up revealed ascites and lung 
metastasis. The patient had sustained flame burn injury to the right ankle at the 
age of 2 years and was managed with wound dressings without skin grafting.

Figure 8  A 47 years male had sustained flame burn injury to his scalp at 
the age of 3. The initial burn injury was managed with months of dressings 
without skin grafting. Histopathology confirmed it as well differentiated squa-
mous cell carcinoma. Computed tomography scan head and neck did not show 
deep structures invasion. 

Figure 9  Same patient (as in Figure 8), the resected Marjolin's ulcer with 
wide local margins.
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joints as the joints are frequently moved and recurrent 
ulcerations commonly ensue and persist without healing.

Diagnosis of MU
The diagnosis of  MU is based on the suggestive findings in 
the patient’s history, detailed examination of  the ulcer and 
its draining nodal basin, and the histology of  the lesion.

The classic triad of  nodule formation, induration, 
and ulceration at the post-burned scars should prompt 
a biopsy to confirm the diagnosis[41]. Other clinical signs 
suggestive of  MU include everted or rolled margins, 
exophytic granulation tissue formation, increasing size, 
bleeding and regional lymphadenopathy[1-10].

Once the biopsy confirms the diagnosis of  MU, de-
termination of  the local extent of  the lesion and staging 
comes to the fore. An magnetic resonance imaging (MRI) 
or computed tomography (CT scan) is performed to de-
termine the local extent of  the lesion and invasion of  any 
underlying structures. MRI is certainly the ideal imaging 
tool for evaluation of  the status of  the soft-tissues, infil-
tration of  any underlying bone and the involvement of  
adjacent neurovascular structures[42-44].

The draining lymphatic basin is staged clinically as well 
as radiologically with either high resolution ultrasonogra-
phy, MRI or CT scan. Given the aggressive nature of  MU, 
distant metastasis are ruled out with metastatic work up 
that includes chest CT scan, abdominal ultrasonography 
and CT scan brain (for lesions on the scalp and face)[1-10].

Metaststic spread of the MU and the stage of the MU 
disease
By and large, as long as the MU is confined to the scar it 
shows typically slow growth and is amenable to curative 
resection. However when the MU breaks free of  the scar 
it metastasises rapidly via lymphatic spread[31]. Once bro-
ken free of  the confines of  the primary lesion, an SCC 
of  the MU variety is known to possess greater metastatic 
potential than the SCC occurring de novo[18]. At presenta-
tion, regional lymph nodes are involved in 20%-36% of  
the patients[2,18,37,45]. Aydoğdu et al[18] have reported even 
higher percentage of  patients (66.66%) with involved 
regional lymph nodes, dura or bone at initial presenta-
tion. Distant metastases are reported among 14% of  the 
patients[2]. Although metastatic spread is primarily to the 
regional lymph nodes, metastasis to organs such as the 
liver, lung, brain, kidney may also occur[18]. 

Stage of  the MU has implications for the manage-
ment as well as the prognosis. As is the case with other 
malignancies, staging is performed by considering the size 
of  the primary lesion (T), lymph node involvement (N), 
and distant metastasis (M). As yet there is no MU specific 
TNM classification of  the Union for International cancer 
control, however the TNM classification for SCC is com-
monly applied to the MU.

TREATMENT OF MU
Role of surgery
Surgery constitutes the mainstay of  treatment of  the MU. 

The oncologic clearance entails excision of  the primary 
lesion with a 2-4 cm horizontal clearance margins, and 
vertical clearance of  the un-involved next barrier struc-
ture. All the wide local excisions are preferably performed 
initially with cautery dissection to prevent seeding of  the 
tumor cells and their iatrogenic spread into the blood and 
lymphatic streams. Additionally a small margin of  skin is 
then excised with a surgical scalpel to ensure good heal-
ing[14,20,35]. It is prudent to have the histopathologist on-
board when performing such crucial resections to ensure 
resection of  tumour free margins with the help of  frozen 
section studies performed simultaneously with surgery. 
The defects resulting from MU extirpation are either skin 
grafted or flap covered. Anecdotally we are now prefer-
ring flap coverage of  the resultant defects where ever 
possible and subsequently offer the patients radiotherapy 
for the tumor bed with the help of  radiation oncologist.

As is the established norm of  surgical oncology, the 
clinically or radiologically confirmed involved nodal ba-
sins are managed with therapeutic lymph node dissection.

Although there is lack of  general consensus regard-
ing management of  the clinically negative nodal basins 
in MU, yet given the aggressive biologic behavior of  MU, 
prophylactic nodal treatment with either elective lymph 
node dissection or regional nodal irradiation sounds ra-
tional[31,37,46-48]. Long term studies are certainly needed to 
confirm if  this aggressive approach offers real benefits in 
terms of  disease free survival or not, as the formal nodal 
clearance has its own morbidity (particularly lymphede-
ma) attended to the procedure.

The sentinel lymph node dissection (SLND) has been 
primarily employed for staging the regional nodal basins 
in malignant melanoma of  the limbs, however there is a 
recent growing recognition of  its utility among patients 
with non-melanoma skin cancers also[49-54]. SLND tech-
nique holds the potential to be used more frequently 
in MU patients as it on one hand will save MU patients 
from the unnecessary morbidity of  formal nodal clear-
ance for negative nodes and on the other hand identify 
the MU patients who are clinically node negative but have 
subclinical nodal metastasis.

Role of radiotherapy
Given the aggressive biological behaviour of  the MU and 
the frequent squamous cell histology, radiotherapy finds 
an important adjunctive role in managing these malignan-
cies. The indications for radiotherapy include: (1) inoper-
able regional lymph node metastasis; (2) grade 3 lesions 
with positive lymph nodes after nodal dissection; (3) 
tumors with a diameter greater than 10 cm and with posi-
tive lymph nodes after regional lymph node dissection; (4) 
grade 3 lesions with a tumor diameter greater than 10 cm 
and negative lymph nodes after regional lymph dissec-
tion; and (5) lesions of  the head and neck with positive 
lymph nodes after regional lymph node dissection[46].

Role of chemotherapy
The exact role of  chemotherapy or indications thereof  
in managing MU are not yet established, however che-
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motherapy constitutes part of  the aggressive multimodal 
therapy which is often instituted among patients when 
surgical extirpation of  the MU is not possible because of  
the unfit patient, presence of  distant metastasis, recurrent 
disease, and patients not consenting for surgery.

The chemotherapy is usually based on 5-Fluorouracil 
with a combination of  cisplatin, methotrexate and bleo-
mycin. It may be in the form of  adjuvant or neo adjuvant 
therapy[18].

PROGNOSIS
Generally speaking, the MU tends to be more aggressive 
and rapidly spreading as compared to other skin carcino-
mas of  similar histotypes[1,55]. The overall mortality rate 
of  MU is reported to be at least 21%[2]. The survival rates 
of  MU are 52%, 34% and 23% at 5, 10 and 20 years[56].

Poor prognostic clinical features in MU include re-
gional nodal spread, local extension of  lesion, lower 
limb lesions (as these have a greater propensity for nodal 
involvement), infiltrative variety, primary lesions of  ≥ 2 
cm, latency period of  ≥ 5 years, recurrent MU, and the 
presence of  distant metastasis. The poor prognostic indi-
cators on histology include poor differentiation, scarce or 
absent peritumour T cell infiltration, invasion of  reticular 
dermis or deeper structures, and ≥ 4 mm vertical thick-
ness of  the neoplastic lesion[4,37,46,55-60].

PREVENTION
Although MU constitutes a formidable foe for recon-
structive and burns surgeons around the globe, it is still 
surmountable to primary as well as secondary prevention. 
Early excision and grafting of  deep burns adequately 
averts all the wound problems that otherwise predispose 
the post-burned scars to malignant transformation[61]. 
Moreover even if  an initially neglected or mismanaged 
burn wound presents later with ulceration or frequent 
wounding, before any malignancy has set in, the choice 
of  excision and grafting of  these unstable scars should 
still be availed. So primary prevention is ensured by provi-
sion of  adequate surgical care in the acute phase of  burn 
injury management, while secondary prevention can be 
instituted where a patient had an initial mismanagement 
but seeks medical advice before MU has established. 

CONCLUSION 
MU is a largely preventable dreadful menace of  consider-
able morbidity and mortality. Although over the years, 
significant progress has been made in managing MU, the 
key to successful eradication lies in prevention by ensur-
ing adequate surgical care (with early excision and graft-
ing) of  the deep burns in their acute phase.

There is need for randomized controlled trials and 
high quality evidence on the not yet fully established as-
pects of  the MU management such as the oncologically 
safe horizontal clearance margins of  resection, prophy-
lactic management of  the negative nodal basins and MU 

specific TNM staging system. All these issues need be 
adequately addressed by future clinical studies.
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rational surgical strategy for GBC.
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Core tip: This review has documented the basic knowl-
edge and surgical strategies for gallbladder cancer 
(GBC) based on the clinical and pathological data from 
previous studies. Discrimination of favorable cases, 
particularly T2 or T3 lesions, is useful for the selection 
of surgical strategies for individual patients. As GBC is 
often discovered incidentally after routine cholecystec-
tomy and accurate preoperative diagnosis is difficult, 
close mutual cooperation between surgeons and pa-
thologists is essential for developing a rational surgical 
strategy for GBC.
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EPIDEMIOLOGY 
Gallbladder cancer (GBC) has a distinctly higher inci-
dence in certain demographic groups and areas. Women 
are affected three times more often than men, and the 
vast majority of  patients with GBC are older than 40 
years of  age. A high incidence has been reported in 
women in countries such as Chile, Poland, India, Israel, 
Pakistan, Ecuador, South Korea and Japan, whereas GBC 
is considered a rare neoplasm in most Western countries 
and the United States[1-4]. 

RISK FACTORS
Gallstones are a well-known risk factor for GBC[5,6]. It 
has been reported that a large stone size of  more than 3 
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Abstract
Gallbladder cancer (GBC) shows a marked geographi-
cal variation in its incidence. Middle-aged and elderly 
women are more commonly affected. Risk factors for 
its development include the presence of gallstones, 
chronic infection and pancreaticobiliary maljunction. 
Controversy remains in regard to the theory of carcino-
genesis from adenomyomatosis, porcelain gallbladder 
and adenoma of the gallbladder. The surgical strategy 
and prognosis after surgery for GBC differ strikingly ac-
cording to T-stage. Discrimination of favorable cases, 
particularly T2 or T3 lesions, is useful for the selection 
of surgical strategies for individual patients. Although 
many candidate factors predicting disease progression, 
such as depth of subserosal invasion, horizontal tumor 
spread, tumor budding, dedifferentiation, Ki-67 labeling 
index, p53 nuclear expression, CD8+ tumor-infiltrating 
lymphocytes, mitotic counts, Laminin-5-gamma-2 chain, 
hypoxia-inducible factor-1a, cyclooxygenase-2 and the 
Hedgehog signaling pathway have been investigated, 
useful prognostic makers or factors have not been es-
tablished. As GBC is often discovered incidentally after 
routine cholecystectomy and accurate preoperative 
diagnosis is difficult, close mutual cooperation between 
surgeons and pathologists is essential for developing a 
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cm, a family history of  GBC, and prolonged cholelithiasis 
are potential risk factors for GBC[7-9]. These factors could 
be used in the decision making when performing a cho-
lecystectomy for asymptomatic gallstones. However, no 
definite evidence of  a direct causal relationship between 
gallstones and gallbladder cancer has been presented 
and biases of  other risk factors remain unsolved prob-
lems[10]. The composition and mutagenicity of  gallstones 
have previously been studied with inconclusive results[11]. 
A prospective study of  123 consecutive patients with 
asymptomatic gallstones who were followed-up for 10 
years or longer revealed no cases of  GBC[12].

Historically, an association between calcified gallblad-
der (porcelain gallbladder) and GBC has been report-
ed[13,14], although there has also been a report suggesting 
that porcelain gallbladder is not associated with GBC[15]. 
Therefore, the causal association of  porcelain gallbladder 
and GBC remains controversial.

Pancreaticobiliary maljunction (PBM) is considered an 
established risk factor for biliary tract cancers involving 
GBC[16,17], especially in relatively young female patients 
without gallbladder stones[18,19]. It is generally accepted 
that pancreatic juice reflux into the biliary tract due to 
PBM plays a pathogenic role in biliary tract cancers. K-ras 
mutations are more common in biliary tract carcinomas 
associated with PBM[20].

Adenomyomatosis of  the gallbladder has not been 
considered to have malignant potential; however, several 
reports have suggested that gallbladder cancer may origi-
nate from adenomyomatosis[21-24] or have insisted that 
segmental-type adenomyomatosis shows an increased 
risk of  progression to gallbladder cancer[25]. Recently, a 
study showed that gross features of  adenomyomatosis 
were found in approximately a quarter of  gallbladders 
resected under the diagnosis of  GBC[26]. Although the 
magnitude of  risk for GBC in patients with adenomyo-
matosis remains unclear, studies suggesting a correlation 
between adenomyomatosis and GBC have been gradu-
ally accumulating.

In regard to the development of  GBC, several theories 
have been proposed, including the adenoma-carcinoma 
sequence and dysplasia-carcinoma sequence theories[27-30]. 
However, recently reported articles have suggested that 
the vast majority of  adenomas and/or polypoid lesions 
do not become GBC[31,32]. Therefore, the validity of  the 
adenoma-carcinoma sequence theory remains controver-
sial. Other risk factors recently receiving attention include 
bacterial infections. Although the supporting evidence for 
an association is weak, Salmonella[33,34] and Helicobacter 
species[35] would be prime candidates for a bacterial pre-
disposition to GBC.

SURVIVAL AND GENERAL SURGICAL 
STRATEGIES ACCORDING TO T-STAGE
The surgical strategy for GBC depends on the extent of  
the disease, particularly the T-stage from the TNM clas-
sification[36]. The prognosis after surgery for GBC differs 

strikingly according to T-stage. Five-year survival rates 
after surgery for T1, T2, T3, and T4 stage tumors in 73 
cases at our institution were 100%, 78.3%, 16.7%, and 
25.0%, respectively[37]. The survival rates of  our series 
were consistent with the results of  other previous re-
ports[38-41]. 

The survival of  patients with T1a lesions (invasion 
restricted to the lamina propria) is particularly good, and 
lymph node metastasis is extremely rare in such cases. 
Simple cholecystectomy with or without lymphadenec-
tomy is thus widely accepted as sufficient for T1a le-
sions[38,42,43]. Intraoperative perforation of  the gallbladder 
and positive surgical margins around the cystic duct are 
important prognostic factors in surgery for T1a lesions[44].

Survival rates and strategies for T1b (invasion to the 
muscle layer) remain somewhat controversial. Several 
studies have reported LN metastasis in up to 20% of  
cases, with recurrence rates of  30%-60% following sim-
ple cholecystectomy[45-51]. In addition, distinguishing T1b 
lesions from T2 lesions pre- or intraoperatively is usu-
ally difficult. Therefore, it seems reasonable to perform 
cholecystectomy combined with lymphadenectomy with 
or without liver resection in patients with pre- or intraop-
erative presumption of  T1b GBC. However, T1b GBC 
is often discovered after laparoscopic cholecystectomy 
for presumed benign disease. In our T1b series (n = 8), 
lymph vessel invasion was found only one case and no 
LN metastases or recurrences were observed, and thus 
additional operation of  lymphadenectomy was not al-
ways needed in patients with T1b lesions diagnosed after 
routine cholecystectomy. However, caution is required in 
that the pathological work for resected specimens must 
be performed intensively with sections from the whole 
specimen, in order to minimize the possibility that a more 
invasive site or findings of  residual lesion remain present 
in the resected specimen.

The prognosis for T2 (invasion to the subserosal lay-
er) lesions varies widely, with the 5-year survival rates be-
ing approximately 20%-70% after simple cholecystecto-
my, compared to 60%-100% after radical surgery[37,43,52-55]. 
The surgical strategy for T2 lesions thus remains unclear. 
The conventional opinion is that patients with T2 lesions 
should be treated using radical cholecystectomy, including 
en bloc resection of  the adjacent liver as well as regional 
lymphadenectomy with or without extrahepatic bile duct 
resection (BDR)[38,56]. Pathologists should pay close at-
tention in order not to misdiagnose a T1a tumor with 
spreading into the Rokitansky-Aschoff  sinuses (RAS) as 
a T2 tumor with invasion of  the subserosal layer.

The prognosis is poor for most patients with T3 
tumor, which shows perforation of  the serosa and/or 
direct invasion of  the liver and/or one other adjacent 
organ or structure. Surgery for T3 lesions is only appro-
priate if  there is potential to achieve a curative resection. 
T3 lesions require hepatic resection with regional lymph-
adenectomy at a minimum. This can include major hepa-
tectomy if  there is extensive spreading into the liver or 
major vascular structures. In addition, if  direct invasion 
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into an adjacent organ (duodenum, pancreas, stomach or 
colon) is suspected, en bloc resection would be required 
for curative resection[56]. Because of  the high degree of  
surgical stress involved, the utility of  aggressive surgery 
with extended resection for T3 lesions is often debated 
in clinical practice, and case-by-case selection is required 
with due consideration for the patient’s performance sta-
tus, complications, and age.

Chemotherapy or palliation is typically appropri-
ate for T4 disease (tumor invading into the main portal 
vein or two or more extrahepatic organs or structures), 
except in rare cases where en bloc resection of  multiple 
organs is possible. This is because of  the unfortunate 
prognosis and difficulty of  achieving curative resection. 
Unresectability discovered at the time of  laparotomy 
may be treated with bypass surgery to relieve symptoms 
related to biliary obstruction. Cases identified preopera-
tively as unresectable may be considered for percutane-
ous biliary drainage or endoscopic stenting to address 
biliary obstruction[38].

CLINICAL CHALLENGES FOR T2 AND T3 
TUMORS
As mentioned above, T2 and T3 tumors are indications 
for radical surgery. However, which type of  radical sur-
gery is most appropriate remains unclear. Although re-
gional lymphadenectomy is widely accepted as necessary 
at a minimum, the efficacy of  extended resection, such 
as hepatectomy, BDR or pancreatoduodenectomy (PD), 
remains controversial. BDR is usually necessary in cases 
with biliary infiltration associated with perineural invasion 
and complete lymphadenectomy and eradication of  the 
connective tissue around the common bile duct[57-60]. In 
terms of  hepatectomy for GBC, the resection may vary 
from a small wedge resection near the gallbladder fossa 
to an extended right hepatectomy. The appropriateness 
of  segment 4a+5 (S4a+5) hepatectomy for advanced 
GBC is supported by the drainage of  the cystic vein into 
anatomic Couinaud’s segments Ⅳa and Ⅴ and the fre-
quency of  liver metastases in this anatomical area[61]. The 
results of  our previous study support the use of  S4a+5 
hepatectomy combined with BDR and regional lymphad-
enectomy for the treatment of  T2 or T3 GBC[37]. How-
ever, additional PD achieved no significant difference in 
survival in patients with T2 or T3 GBC. Indications for 
PD in these cases were obvious duodenal or pancreatic 
invasion, or infiltrating LN metastases at the retro-pan-
creatic head portion[37].

ATTEMPTS TO DISCRIMINATE 
FAVORABLE CASES IN T2 GBC
T2 GBC shows a wide variety of  tumor spread. Some T2 
tumors show none of  the histological invasive factors of  
LN metastasis, lymphatic or venous invasion, but oth-
ers show prominent LN metastases, along with venous, 

lymphatic, or perineural invasion, resulting in poor prog-
nosis. This issue indicates that patients with T2 GBC can 
be allocated to a favorable prognosis group or a poor 
prognosis group. If  discrimination of  favorable cases is 
appropriately performed, patients with favorable progno-
sis could be spared excessive extended radical surgery. To 
identify cases with a favorable prognosis, subset analyses 
of  patients with T2 tumor according to certain pathologi-
cal criteria have been performed. Several studies, includ-
ing one from our institution, reported the usefulness of  
discrimination of  T2 GBC according to the depth of  
subserosal invasion and horizontal tumor spread in the 
subserosal layer with or without a scoring system[62-65]. 
Our study focused on the phenomena of  dedifferentia-
tion (DD) and tumor budding (BD) demonstrated a 
significant prognostic impact of  both BD and DD in 
patients with T2 tumor[66].

INVESTIGATION OF USEFUL 
PROGNOSTIC MARKERS AND FACTORS
Although prognostic markers of  GBC have been widely 
investigated, promising prognostic makers or factors have 
not yet been established. Ki-67 labeling index (LI), p53 
nuclear expression, CD8+ tumor-infiltrating lymphocytes 
(TIL) and mitotic count (MC) have classically been con-
sidered as candidates for prognostic markers. However, 
several previous studies have reported no prognostic 
impact of  p53 overexpression in GBC[67-71], although 
reports of  poor prognosis in cases with p53 overexpres-
sion are also available in the literature[72,73]. A previous 
study showed that patients with GBC and high Ki-67 
exhibited worse postoperative prognosis than those with 
low Ki-67[40], although here again, several previous stud-
ies also reported that Ki-67 LI of  cancer cells was not 
correlated with patient survival[68,70,71]. Therefore, the 
prognostic impact of  p53 overexpression and Ki-67 LI 
in GBC remains controversial. In regard to CD8+ TIL, 
there is little evidence that this is a prognostic indicator. 
Only one study has reported that CD8+ TIL was cor-
related with prolonged survival in a univariate analysis[74]. 
A study from our institution concerning Ki-67 LI, p53 
nuclear expression, CD8+ TIL and MC status in a series 
of  101 GBC patients indicated that only MC reflected 
the prognosis of  GBC. In that study, MC showed a par-
ticularly strong prognostic impact in patients with T3 
tumor and was identified as an independent prognostic 
factor in multivariate analyses that included the N and M 
factors of  the TNM system of  classification[75]. It is dif-
ficult to distinguish the extension of  carcinoma in situ 
(CIS) from invasive carcinoma along the RAS. Laminin-
5-gamma-2 chain, which is expressed in various types of  
invasive carcinoma, can be detected in the invasive fronts 
of  invasive GBC, but is not expressed in CIS with exten-
sion along the RAS[76]. The results indicate that laminin-
5-gamma-2 chain is a useful marker of  determining the T 
factor. Heparanase and its transcriptional factor, hypoxia-
inducible factor-1a, contribute to the invasion and meta-
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stress factor expressed in invasive fronts, is also related 
with poor prognosis of  GBC[78]. The Hedgehog signal-
ing pathway is considered to be a potential therapeutic 
target for various cancers, and hedgehog signaling factor 
Gli1 may be involved in the invasive phenotype through 
the matrix metalloproteinases[79]. Other, more recently re-
ported factors that may have a prognostic impact in GBC 
based on multivariate analyses include transmembrane 
protease/serine 4[80], loss of  microRNA-335[81], aldehyde 
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PATHOLOGICAL EXAMINATION FOR 
OPTIMAL SURGERY
Preoperative diagnosis using an imaging study is very 
important for selecting the optimal surgery according to 
T-stage. However, preoperative diagnosis of  the T-stage 
in T1 or T2 GBC is not easy, and it is especially difficult 
in GBC arising in the gallbladder concomitant with ad-
enomyomatosis, despite advances in medical imaging[83]. 
As a result, stage T1 or T2 GBC is often discovered 
incidentally after routine cholecystectomy. In such cases, 
pathological evaluations of  prognostic factors using en-
tire tumor sections can be used to determine the need for 
additional extended radical surgery. Intraoperative histo-
logical examination is usually performed during surgery 
for lesions preoperatively diagnosed as “suspected GBC” 
or “possible T1 or T2 GBC”. In such cases, the resected 
specimen from cholecystectomy with or without en bloc 
liver resection (S4a+5 or liver bed) is submitted for intra-
operative histological examination. However, diagnosis of  
the depth of  invasion from frozen sections of  GBC is a 
difficult task, and care must be taken to avoid obstructing 
the pathological diagnosis of  formalin-fixed specimens 
when the tumor lesion is small. 

CONCLUSION
This review has documented the basic knowledge and 
surgical strategies for GBC based on clinical and patho-
logical data from previous studies. Discrimination of  
favorable cases, particularly T2 or T3 lesions, is useful for 
the selection of  surgical strategies for individual patients. 
To establish useful prognostic markers or factors, further 
accumulation of  studies is needed. As GBC is often dis-
covered incidentally after routine cholecystectomy and 
definite preoperative diagnosis is often difficult, close co-
operation between surgeons and pathologists is essential 
for developing a rational surgical strategy for GBC.
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sults in a poorer prognosis, and thus should be at the 
forefront of procedural consideration. Furthermore, 
this review provides steps and recommendations from 
the pre-procedural stage through the post-procedural 
evaluation with consideration of contributing factors in 
order to minimize ERCP-related complication risk and 
improve patient outcome. To avoid perforation, endos-
copists must evaluate the risks related to the individual 
patient and the procedure and perform the procedure 
gently. Once a perforation occurs, immediate diagno-
sis and early management are key factors to minimize 
mortality. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Endoscopic retrograde cholangiopancreatog-
raphy (ERCP)-related perforation, is a rare complica-
tion with a high morbidity and mortality. An immediate 
diagnosis and early management of ERCP-related per-
foration are key factors to minimize mortality. In this 
review article, the authors shared their experiences and 
propose an algorithm to avoid perforation and for man-
agement once a perforation occurs.
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Abstract
Endoscopic retrograde cholangiopancreatography (ERCP) 
is a procedure that can result in serious complications, 
and thus should be handled by a skilled endoscopist to 
minimize the risk of complications and to enhance the 
success rate. The incidence of ERCP-related complica-
tions is 5%-10%, most commonly involving post-ERCP 
pancreatitis and clinically significant post-endoscopic 
sphincterotomy bleeding. Although ERCP-related perfo-
ration has a relatively lower incidence of 0.14%-1.6%, 
this complication is associated with a high mortality 
rate of 4.2%-29.6%. A classification of perforation 
type based on the instrument that caused the perfora-
tion was recently described that we postulated could 
affect the implementation of perforation management. 
In the present article, an algorithm for management 
and prevention of ERCP-related perforations is pro-
posed that is based on the perforation type and delay 
of diagnosis. Available evidence demonstrates that a 
delayed diagnosis and/or treatment of perforation re-
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is a procedure that should be performed by a skilled 
endoscopist to maximize the success rate and minimize 
complications, which occur in 5%-10% of  cases[1,2]. The 
most common complications are post-ERCP pancreatitis 
(1.0%-3.5% of  cases)[3-5] and clinically significant post-
endoscopic sphincterotomy bleeding (0.1%-2.0% inci-
dence)[6-9]. ERCP-related perforations are relatively un-
common (incidence of  0.14%-1.6%), though associated 
with a high mortality rate of  4.2%-29.6%[10,11]. Whereas 
delayed recognition and treatment of  this complication 
contribute to fatality, early detection and management 
confer a better prognosis. This review focuses on the 
classification, early diagnosis, management, and preven-
tion of  ERCP-related perforations. 

CLASSIFICATIONS OF ERCP-RELATED 
PERFORATION
ERCP-related perforations were previously classified into 
3-4 types, regardless of  the site of  perforation[12,13] (Table 
1). In 2011, Kim et al[14] proposed a new classification 
based on the instrument that caused the perforation. A 
type Ⅰ perforation results from the scope itself, which al-
ways causes a large perforation with heavy contamination 
(Figure 1). A type Ⅱ perforation can be caused by the nee-
dle-knife used during the sphincterotomy, from the ERCP 
cannula or the sphincterotome, which cause a moderate-
sized hole with less contamination. Type Ⅲ refers to a per-
foration caused by the guidewire and is associated with the 
least risk of  contamination. A review of  cases presented 
by Kim et al[14] and an additional 62 cases from Kwon et 
al[15] that were reevaluated using the new classification, 
revealed that 80% of  patients with type Ⅰ perforations 
(20/25 cases) required surgery, compared to 19% (7/37) 
of  those with type Ⅱ perforations. We therefore postu-
lated that this classification could be used to direct the 
management of  patients with perforations.

EARLY RECOGNITION OF 
PERFORATIONS
Most type Ⅰ perforations are immediately recognized by 
the endoscopist during the procedure. Large perforations 
can be definitively indicated by visualization of  intra-
abdominal organs, whereas smaller perforations may 

show only yellowish tissue of  intra/retroperitoneal fat or 
by bleeding from other sites such as a lateral wall of  the 
duodenum (Figure 2). If  the endoscopist who performed 
the procedure suspects a perforation, evaluation of  the 
pneumoperitoneum by fluoroscopy can be very helpful 
(Figure 3A). Some experts also recommend changing the 
duodenoscope to an end-view type for better mucosal 
visualization.

Type Ⅱs are typically retroperitoneal perforations that 
occur during treatment interventions. In some cases, the 
endoscopist may recognize that an injury is “too deep” 
with increased bleeding, abnormal positioning of  the 
guidewire, skin emphysema, and a clear kidney shadow. 
When this type of  perforation is suspected, it should be 
confirmed by fluoroscopy, which can help identify un-
explainable air in the retroperitoneum (Figure 3B), or by 
contrast injection, which will show contrast leakage into 
the retroperitoneal cavity (Figure 3C). 

Type Ⅲ perforationscan be recognized by an unusual 
guidewire position. If  recognized in a timely manner, this 
type of  perforation can be adequately managed by simply 
pulling the guidewire back into a safe position. However, 
the perforation can become a type Ⅱ if  the endoscopist 
does not recognize the perforation and continues push-
ing the instrument further. Up to 20%-30% of  type Ⅱ 
and Ⅲ perforations are not immediately diagnosed, and 
patients may report abdominal pain and discomfort, 
which are followed by fever and leukocytosis. These per-
forations can be confirmed by a computed scan of  the 
abdomen, which reveals retroperitoneal air (Figure 4) or 
fluid collection[16].

MANAGEMENT
General principles of  management for ERCP-related per-
foration include a nil per os directive, iv fluid resuscitation, 
administration of  antibiotics to decrease intra/retroperi-
toneal contamination or fluid collection, pneumoperito-
neal decompression, and, if  possible, endoscopic closure. 
In some cases, surgical consultation may also be needed 
to control sepsis and repair the perforation, depending 
on the site and degree of  leakage, the patient’s condition, 
and mechanism of  injury. Radiologic interventions were 
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Table 1  Previous classifications of endoscopic retrograde 
cholangiopancreatography-related perforations

According to Stapfer et al [12] According to Howard et al [13]

Type Ⅰ Lateral or medial wall 
perforation

Duodenal perforation 
remote from the papilla

Type Ⅱ Perivaterian injury Periampullary retroperitoneal 
perforation

Type Ⅲ Distal bile duct injury 
related to wire/basket 

instrumentation

Guidewire perforation

Type Ⅳ Retroperitoneal air alone None

Figure 1  Classification of endoscopic retrograde cholangiopancreatogra-
phy-related perforation (based on Kim et al [14]).

Type Ⅰ

Type Ⅱ

Type Ⅲ



found to be useful in some particular cases, particularly 
those with localized retroperitoneal fluid collection and 
without clinical sign of  peritonitis[17]. However, the man-
agement of  ERCP perforation in that particular study 
was based upon whether the perforation was diagnosed 
immediately after it occurred, or delayed by at least 24 h 
after the procedure (recognized by abnormal vital or ab-
dominal signs). 

Immediate diagnosis
Type Ⅰ perforations, which are typically 1.0-1.3 cm wide, 
have been successfully treated during ERCP with he-
mostatic clips either through the gastroscope(with or 

without cap assistance)[18,19] or with an endoloop[20], or 
with over-the-scope clips[21]. Contrast injections should 
be administered to rule out leakage, as 30%-60% of  
type Ⅰ perforations fail endoscopic closure and require 
surgery. Patients who undergo immediate surgical correc-
tion typically remain in the hospital for 12-16 d. Prompt 
diagnosis is crucial, as evidenced by a study of  Miller et 
al[11] that reported two deaths out of  five cases involv-
ing type Ⅰ perforations, resulting from delayed diagnosis 
in one case, and delayed operation in the other, and six 
deaths from delayed surgical repair of  type Ⅱ perfora-
tions that were initially managed with a conservative 
treatment strategy[11]. Thus, some surgeons recommend 
immediate diagnosis and early surgery for ERCP-related 
perforations[22-24]. In our endoscopic center (within a 
tertiary care, university-based hospital), 4082 ERCP pro-
cedures were performed between January 2009 and June 
2013, with a post-ERCP perforation rate of  0.29% (n = 
10 type Ⅰ; n =2 type Ⅱ perforation cases). All of  the pa-
tients (65-91 years old) were diagnosed during or immedi-
ately upon finishing the ERCP procedures. Eighty-three 
percent of  these cases underwent surgical correction 
while only 17% received conservative treatment, with no 
deaths.

Mao et al[25] reported on nine cases of  ERCP-related 
perforation (mostly type Ⅱ), six of  which were managed 
conservatively with hospital stays ranging from 4 to 75 d. 
Subcutaneous emphysema was a significant clinical sign 
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Figure 2  Endoscopic visualization of perforations. A: Image of yellowish tissue in the retroperitoneum; B and C: Bleeding from a lateral wall of the duodenum.

A B C

Figure 3  Fluoroscopy showing pneumoperitoneum (A), retroperitoneal air (B) and leakage of contrast media into the retroperitoneal cavity (C). The kidney 
outline (clear region on the right side of the image) showing retroperitoneal air.

A B C

Figure 4  Computed tomography showing retroperitoneal air.
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clinical signs of  peritonitis and sepsis within 1-5 d after 
the procedure[26-28]. It is important to note that abdominal 
signs might be relatively benign within the first few hours, 
even for type Ⅰ perforations, however the presentation 
of  peritoneal signs as a late finding is related to a poor 
clinical outcome[11]. Surgical drainage and correction is 
recommended in cases of  delayed type Ⅱ diagnosis with 
clinical sepsis[11,21,26,27]. However, most patients (50%-90%) 
having type Ⅱ perforations with minimal leakage or type 
Ⅲ perforations will respond to conservative treatment.

PREVENTION OF ERCP-RELATED 
PERFORATION
There are several factors that have been associated with 
an increased risk for ERCP-related perforation (Table 2). 
Nonetheless, there are steps that can be taken to avoid 
causing ERCP-related perforations, beginning before the 
procedure, and continuing through the follow-up stage 
(Figure 5).

Pre-procedural evaluation
Some patients have a higher risk of  perforation because 
of  surgically altered anatomy. Such patients should un-
dergo “endoscopic scanning” using an end-view gastro-
scope before starting ERCP. In cases of  failure to pass 
the end-view scope owing to anastomotic stricture or 
too much resistance, continuation with the ERCP proce-
dure should first be discussed with the patients and their 
families. If  the endoscopist decides to follow through 
with the procedure, a duodenoscope should be inserted 
in an “over-the-guidewire” fashion to minimize duodenal 
wall injury. When narrowing of  the anastomosis site is 
encountered, balloon dilatation over the guidewire can be 
helpful prior to duodenoscope insertion. However, this 
is not recommended for cases with malignant strictures, 
but rather duodenal stenting with a self-expandable metal 
stent followed by ERCP in the subsequent weeks is more 
appropriate. 

During bile duct cannulation and intervention
There are several comments and recommendations con-
cerning the procedure that should be kept in mind: (1) 
Patients with periampullary diverticula have a higher risk 
of  perforation, especially from sphincterotomy. There-
fore, the endoscopist must be very careful during this 

found in seven of  the nine patients. To aid in the success 
of  conservative treatments, which included antibiotics, 
endoscopic treatment (when possible), intensive observa-
tion and follow-up imaging, nasobiliary and gastrointes-
tinal drainage was recommended to reduce the leakage 
of  digestive juices. However, very high success rates were 
also reported with conservative treatment (with or with-
out nasobiliary drainage) by Park et al[26] and Vezakis et 
al[27], using fully covered self-expandable metal stents for 
closure of  perforated sites at the ampullary region. 

The majority of  type Ⅲ perforations involve only 
mild contrast leakage or pneumoperitoneum without 
contrast leakage, and can be managed conservatively, 
requiring hospitalization for only 5-6 d[11,24]. Genzlinger 
et al[28] found that up to 29% of  patients who underwent 
ERCP showed pneumoperitoneum on plain radiography 
without clinical significance. However, further investiga-
tion is recommended in patients who have pneumoperi-
toneum and clinical signs of  infection. 

The surgical indications in the studies mentioned here 
differed from recommendations stated by Stapfer et al[12], 
which include large extravasation of  contrast, fluid collec-
tion in the peritoneal or retroperitoneal space on follow-
up computed tomography scan, massive subcutaneous 
emphysema, or retained choledocholithiasis. Our recom-
mendation is to perform salvage surgery in patients with: 
(1) failure of  initial endoscopic closure, especially type 
Ⅰ or type Ⅱ perforations; (2) no improvement in clinical 
signs of  sepsis, or follow-up abdominal signs worsening 
within 12-24 h after successful endoscopic closure (type 
I) or conservative management (type Ⅱ); and (3) retained 
instruments or choledocholithiasis requiring surgical re-
moval. 

Delayed diagnosis
The prognosis is generally worse for any type of  perfora-
tion with a delayed diagnosis, and most patients develop 
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Evaluation of perforation risks

Yes No

Initial evaluation by gastroscope
Wire-guided duodenal intubation

ERCP

Perforation detected

Type Ⅰ Type Ⅱ Type Ⅲ

Endoscopic closure?

Failed Successful Conservative treatment:
NPO, Ⅳ antibiotics
(with/without nasobiliary 
drainage for 12-24 h)

Failed
Success

Surgical correction

Figure 5  Algorithm for prevention and management of endoscopic retro-
grade cholangiopancreatography-related perforations.

Table 2  Factors associated with increased risk of post-
endoscopic retrograde cholangiopancreatography perforation 
(from Enns et al [24])

Factors Results of multivariate 

analysis [OR (95%CI)]
Dilated common bile duct 2.32 (1.02-5.03)
Sphincter of oddi dysfunction 3.20 (1.64-8.94)
Longer duration of procedure 1.02 (1.00-1.04)
Biliary stricture dilatation   7.29 (1.84-28.11)
Performance of sphincterotomy   6.94 (2.43-19.77)
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process. A balloon sphincteroplasty is recommended in 
such cases, rather than endoscopic sphincterotomy; (2) 
Insertion of  any ERCP instruments into the bile duct 
should be performed in an “over-the-guidewire” fashion 
to prevent a “false track.” Furthermore, the endoscopist 
should perform ERCP as gently as possible to minimize 
tissue injury; (3) Endoscopic sphincterotomy should 
be carried out in the suggested direction of  11 to 12 o’
clock for the common bile duct and 12 to 2 o’clock for 
pancreatic sphincterotomy. Over-bowing of  the sphinc-
terotome should be avoided to prevent a “zipper cut,” 
and cutting should not go beyond the second fold above 
the papilla. Adequate knowledge and intensive observa-
tion of  ampulla anatomy are essential for all endoscopists 
who perform ERCP; (4) Needle-knife sphincterotomy 
should be performed only by experienced endoscopists. 
Those who are less experienced should recognize their 
limitations and be responsible enough to request as-
sistance; and (5) Dilatation of  the ampulla increases the 
risk of  perforation. Therefore, the endoscopist should 
consider the length of  sphincterotomy or the size of  
balloon sphincteroplasty suitable for the objective of  
the maneuver, such as limited or no sphincterotomy for 
stenting, dilating the ampulla no more than the size of  
the common bile duct above, and an appropriately sized 
sphincterotomy depending on the size of  the stone. 

During fluoroscopy
The endoscopist should observe the patient’s abdominal 
signs and perform fluoroscopy intermittently during the 
ERCP procedure. A diagnosis can be immediately made 
upon recognition of  an abnormal guidewire position, 
extravasation of  contrast, or pneumoperitoneum, which 
can allow for prompt treatment. Furthermore, a fluoro-
scopic abdominal scan should be performed after any 
difficult procedure to identify possible complications. 

Post-procedural care
Patients should be encouraged to promptly report any 
abdominal symptoms and should be watched for abnor-
mal clinical signs after the ERCP procedure. The ward 
staff  should be notified to maintain special observation 
of  patients with difficult cases for early detection of  pos-
sible complications.

CONCLUSION
As ERCP-related perforations are a serious complication 
with a high mortality rate, endoscopists should perform 
the procedure with caution. To avoid perforation, en-
doscopists must evaluate the risks related to the patient 
and the procedure and perform the procedure with care. 
Once a perforation occurs, immediate diagnosis and early 
management are key factors to minimize mortality.
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Key words: Primary idiopathic intestinal lymphangiecta-
sia; Mucosa-submucosa; Protein loosing enteropathy; 
Double balloon endoscopy; Biopsy

Core tip: Waldmann’s disease is an unusual primary 
idiopathic intestinal lymphangiectasia, which results in 
protein loosing enteropathy. Recently, double balloon 
endoscopy and biopsy in combination is an effective 
diagnostic tool to hit the correct diagnosis to avoid un-
toward complications related to disease and treatment 
due to misdiagnosis. Thus, the clinician should keep in 
mind this rare condition as a differential diagnosis of 
oedema.
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INTRODUCTION 
Primary Intestinal lymphangiectasia (PIL) was originally 
described in 1961 by Waldmann et al[1]. It is an unusual 
cause of  protein losing enteropathy either due to con-
genital malformation or obstruction of  lymphatics of  
intestine[2]. Lymphangectasia is characterised by dilated 
and proliferating lymphatic channels located in mucosa, 
submucosa or subserosa leading to protein loosing enter-
opathy and loss of  lymph into gut resulting in to hypo-
proteinemia, hypogammaglobulinemia, hypoalbuminemia 
and lymphopenia[3-5]. Peripheral oedema usually sym-
metrical (lower limb oedema) is the main clinical feature 
posing a real diagnostic dilemma to the clinicians to dif-
ferentiate it from other common conditions like conges-
tive cardiac failure, nephrotic syndrome, protein energy 
malnutrition, etc[3]. Other symptoms are ascites, pleural 
effusion, weight loss and abdominal pain, diarrhoea with 
increased faecal loss of  protein and fat with increased 
serum levels of  α1-antitrypsin[2,5]. Diagnosis is defined by 
endoscopic evaluation and confirmed on histopathologi-
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Abstract
Primary idiopathic intestinal lymphangiectasia is an 
unusual disease featured by the presence of dilated 
lymphatic channels which are located in the mucosa, 
submucosa or subserosa leading to protein loosing 
enteropathy.Most often affected were children and 
generally diagnosed before third year of life but may 
be rarely seen in adults too. Bilateral pitting oedema 
of lower limb is the main clinical manifestation mimick-
ing the systemic disease and posing a real diagnostic 
dilemma to the clinicians to differentiate it from other 
common systemic diseases like Congestive cardiac 
failure, Nephrotic Syndrome, Protein Energy Malnutri-
tion, etc.  Diagnosis can be made on capsule endoscopy 
which can localise the lesion but unable to take biopsy 
samples. Thus, recently double-balloon enteroscopy 
and biopsy in combination can be used as an effective 
diagnostic tool to hit the correct diagnosis. Patients re-
spond dramatically to diet constituting low long chain 
triglycerides and high protein content with supplements 
of medium chain triglyceride. So early diagnosis is im-
portant to prevent untoward complications related to 
disease or treatment for the sake of accurate pathologi-
cal diagnosis.
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cal evaluation of  biopsy of  small intestine[1].
Now a day double balloon endoscopy and biopsy is 

the mainstay to arrive at correct diagnosis.

EPIDEMOLOGY
The worldwide incidence and prevalence of  PIL is not 
known[2,6]. After 1961, as per available literature less than 
200 cases were reported[7,8]. Very few familial forms are 
reported[1,2,9]. There is no specific predilection for sex and 
race[6]. Most commonly, it has been seen in children and 
majority of  the cases were diagnosed at or before 3 years 
of  age but can be seen in adults also[5,6].

PATHOPHYSIOLOGY
Waldmann’s disease is also called as exudative enteropa-
thy. The pathogenesis is not clear. The proposed hypo-
thetical theories for pathogenesis are.

Lymphatic obstruction theory
The basic cause for protein loss in PIL is poorly under-
stood although lymphatic channel malformation/lym-
phatic hypoplasia leads to obstruction in lymph flow 
with resultant increase in intraluminal pressure in lym-
phatic channels[6,10,11]. This, increased intraluminal pres-
sure will cause dilatation of  the submucosal,subserosal 
lymphatic vessels in the intestine finally leading to the 
rupture of  the cystically dilated channels and leading to 
discharge of  the lymph into the bowel lumen[6,12]. Thus, 
net result is hypoalbuminemia, hypogammaglobinemia 
and lymphopenia. 

Genetic theory: There are mutations in genes that regu-
late the process of  lymphogenesis[5]. Multiple genes, e.g., 
vascular endothelial growth factor receptor 3, prospero-
related homeobox-transcriptional factor, forkhead 
transcriptional factor and SOX18 play vital role in lym-
phogenesis[13]. Mutation of  the CCBE1 gene has been 
identified as a cause of  intestinal lymphangiectasia in 
Hennekam syndrome.

CLINICAL PRESENATION
Age-PIL is mainly seen in paediatric age group (usually 
before 3 years of  age) and young adults but may be diag-
nosed in adults too[2,14-16]. 

Oedema is the main clinical manifestation. The pa-
tient may present with ascites, pleural effusion and peri-
carditis. Other symptoms are lymphedema, abdominal 
pain, fatigue, moderate diarrhoea, weight loss and defi-
ciency of  fat soluble vitamins may also be present.

Oedema is of  pitting type and usually symmetrical in 
distribution involving lower limb. Sometimes severe oe-
dema involving face, scrotum or vagina[5].

Rarely lymphedema have been described which is elic-
ited by “stemmer’s sign” and it is difficult to differentiate 
from other systemic causes of  oedema[2,5]. Sonographic 

evidence of  fetal ascites had also been reported[2,5,17].
Non-specific clinical features such as fatigue, nausea, 

vomiting, abdominal pain, weight loss, failure to thrive, 
moderate diarrhoea with faecal loss of  fat along with 
increased faecal loss of  protein, leading to rise in alfa-1- 
antitrypsin levels and there is deficiency of  fat soluble 
vitamins[5,18].

Hypocalcemia-patients can also develop hypocalcemia 
and tetany due to vitamin D deficiency[2,6,19]. A case of  
digital clubbing in PIL was reported[20]. Osteomalacia and 
osteoporosis associated with PIL was reported[21].

Rare Associations-An association of  PIL with celiac 
sprue was described[5,22]. PIL has been reported as a rare 
cause of  lower gastrointestinal bleeding. In addition iron 
deficiency may occur[5,18]. Recently proved association with 
angiodysplasia leading to occult blood loss in PIL[5,23,24].

A case of  intestinal lymphangiectasia presenting as 
abdominal mass was reported[2,5,25]. Recurrent haemolytic 
uraemic syndrome has been described in association 
with intestinal lymphangiectasia[2,26]. Patients with PIL are 
prone to develop infections due to lymphopenia and hy-
pogammaglobulinemia[18,27]. 

Only two cases of  disseminated cryptococcal men-
ingitis and osteomyelitis in-patient with lymphangectasia 
have been reported in the literature so far[28-30]. Recently 
another case of  cryptococcal meningitis as primary mani-
festation in a patient with intestinal lymphangiectasia has 
been reported[30]. Lymphoma may complicate the long 
term outcome of  PIL patients[5,31].

PIL may exist as a part of  a genetic syndromes, i.e., 
Noonan, Von Recklinghausen, Hennekam and Yellow nail 
syndrome[2,5,14]. Finally, an association with autoimmune 
poly glandular disease type 1 has been described[5,32,33]. Re-
cently a case of  intestinal lymphangiectasia in a patient 
with infantile systemic hyalinosis syndrome has been 
reported[34].

DIAGNOSTIC EVALUATION
Now days, diagnosis of  Intestinal lymphangiectasia is 
based on characteristic findings during a double-balloon 
enteroscopy with further confirmation by histopathologi-
cal examination of  corresponding biopsy specimens[6,35]. 
To confirm the primary nature of  waldmanns disease we 
must first exclude the secondary causes of  intestinal lym-
phangiectasia[6].

Capsule endoscopy
Capsule endoscopy provides complete examination of  
small bowel mucosa thus can evaluate the extent of  lym-
phangiectasia[36,37]. However, the drawback of  capsular 
endoscopy is the inability to obtain biopsies. So recently 
double balloon enteroscopy is evolved.

Double balloon enteroscopy
In view of  the drawback of  capsular endoscopy, its in-
ability to obtain biopsies, double balloon enteroscopy was 
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evolved which allowed obtaining biopsies from lesions 
detected by capsular endoscopy[35,36].

Endoscopy reveals scattered white spots, which have 
been described as a characteristic snowflake appearance, 
(Figure 1) overlying the small intestinal mucosa[4,38].

On endoscopy
Histopathological examination of  biopsies shows dilated 
lymphatic vessels in mucosa, submucosa and serosa with 
polyclonal plasma cells confirming the intestinal lym-
phangiectasia (Figures 2).

Although various methods are available to investigate 
PIL, careful histopathological examination of  biopsies 
is must to confirm the diagnosis. Various methods to in-
vestigate PIL are 99Tc-HSA, 24 h stool alfa-1-antitrypsin 
clearance, lymphoscintigraphy, ultrasonography (USG), 
computed tomography (CT) scan, magnetic resonance 
imaging (MRI).

99Technetium-labelled scintigraphy is useful to arrive 
at the diagnosis of  PIL. Due to high cost and infectious 
risk, it has replaced with alfa-1-antitrypsin method[2,39].

Lymphoscintigraphy identifies abnormality in lym-
phatic tree but at present is not a routine method for PIL 
diagnosis[2,40,41].

On radiographic barium studies, thickened irregular 
mucosal fold with tiny nodules representing dilated lym-
phatic suggest the intestinal lymphangiectasia[42].

Non-invasive modalities
Imaging with USG/CT scan has shown diffuse thickening 
of  small bowel wall because of  engorgement of  villi that 
contain the dilated lymphatic channels[5,43]. CT scan may 
show “halo sign”. A halo sign that consist of  thickened, 
low-attenuation inner ring representing dilated lymphat-
ics and higher attenuation outer ring, which consist of  
muscularis propria and serosa[43-45]. Nonenhanced, fluid-
sensitive MRI may show bright signal intensity, which cor-
responds to lymphangiectasia in the mucosa[42,44].

Other laboratory investigations
PIL is associated with many laboratory findings which 
include decreased albumin and total protein levels[2,5,45]. 

In Addition diminished immunoglobulins IgG, IgA 
and IgM suggesting B cell depletion and reduced num-
bers of  CD4+ cells as naive CD45RA+ lymphocytes 
and CD45RO+CD8+T cells reflecting T-cell depletion 
seen[2,5,46,47].

Finally, a recent report indicates there is failure of  
compensatory mechanism of  production of  T lympho-
cytes by the thymus to overcome the enteric loss of  T 
lymphocytes leading to lymphopenia associated with lym-
phangiectasia[5,48].

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of  PIL is large and involves 
many conditions producing protein-losinggastroenter-
opathy. Much closer differential are those, which involve 
protein loss associated with impaired intestinal lymphatic 
drainage. Such conditions include cardiac causes like con-
gestive cardiac failure, constrictive pericarditis and car-
diomyopathy[49-52]. Surgical repair of  complex congenital 
heart disease (such as the Fontan procedure for a func-
tional single ventricle), other conditions like lymphen-
teric fistula[10,53], Whipple’s disease[54], Crohn’s disease[55], 
sarcoidosis[56], human immunodeficiency virus-related 
enteropathy[57], intestinal tuberculosis[58], radiation and/or 
chemotherapy with retroperitoneal fibrosis[59] and portal 
hypertension or hepatic venous outflow obstruction after 
liver transplantation and in congenital hepatic fibrosis 
due to phosphomannose isomerase deficiency[60].
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Figure 1  Snow flake appearance.

Figure 2  Histopathological examination of biopsies. A: Dilated lymphatics 
in mucosa and submucosa; B: 40 ×; showing dilated lymphatic channels filled 
with lymph.
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TREATMENT
The principal treatment for PIL is diet rich in protein, 
low in fat with supplementation of  medium chain tri-
glyceride. Medium chain triglyceride is directly absorbed 
in portal venous circulation by passing the intestinal 
lymphatics, thus provides the energy and lessens lacteal 
engorgement and lymph loss. A low fat diet reduces lym-
phatic flow and pressure preventing the lacteal dilation 
and lymph leakage resulting from their rupture. In some, 
reversal of  clinical and biochemical changes has been 
seen with this dietary modification. In most patients, di-
etary treatment is permanently needed. This is found to 
be more effective in children than adults. In some cases, 
total parenteral nutrition is needed. Supportive therapy 
includes albumin infusion and paracentesis. 

In patients, not responding to such therapy other op-
tions may be used after or in combination with dietary 
modification. These are octreotide, antiplasmin,tranexemic 
acid, vitamin D supplementation and surgical resection of  
segmental or localised intestinal lymphangiectasia[8,11,61].

To conclude PIL is an idiopathic protein loosing en-
teropathy either due to genetic defect or due to lymphatic 
obstruction. Careful endoscopic examination and meticu-
lous histopathological evaluation is mandatory to arrive at 
correct pathological diagnosis to decide the proper treat-
ment plan. One should keep in mind this rare condition 
as a differential diagnosis of  oedema.
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mo period. 

METHODS: The present study comprised of total of 
90 sites of Miller’s class-Ⅰ gingival recessions in the 
maxillary anteriors, the sites were divided into three 
groups each comprising 30 sites, Group Ⅰ-were treated 
by massaging using a Placebo (Ghee) Group Ⅱ-were 
treated by massaging using an ayurvedic product (ir-
imedadi taila). Group Ⅲ-were treated by SCRF. Clinical 
parameters assessed included recession height, reces-
sion width, probing pocket depth, width of attached 
gingiva, clinical attachment level and thickness of ke-
ratinized tissue. Clinical recordings were performed at 
baseline and 6 mo later. The results were analyzed to 
determine improvements in the clinical parameters. The 
comparison was done using Wilcoxon signed rank test. 
The overall differences in the clinical improvements be-
tween the three groups was done using Kruskal-Wallis 
test. The probability value (P -value) of less than 0.01 
was considered as statistically significant.

RESULTS: Non-surgical periodontal therapy and gingi-
val massaging improves facial gingival recessions and 
prevents further progression of mucogingival defects. 
Root coverage was achieved in both the experimental 
groups. The SCRF group proved to be superior in terms 
of all the clinical parameters.

CONCLUSION: Root coverage is significantly better 
with semilunar coronally repositioned flap compared 
with the gingival massaging technique in the treatment 
of shallow maxillary Miller class Ⅰ gingival recession de-
fects. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To study the comparison in terms of root cover-
age the effect of gingival massaging using an ayurvedic 
product and semilunar coronally repositioned flap 
(SCRF) to assess the treatment outcomes in the man-
agement of Miller’s class Ⅰ gingival recessions over a-6 
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val massaging; Non-surgical

Core tip: Gingival recession is the migration of the gin-
gival margin apical to the cemento-enamel junction. 
A variety of surgical procedures have been described 
for the correction and management of mucogngival 
deformities and defects, with a variable degree of suc-
cess. However, it should be emphasized that shallow 
recessions are subject to progression, but there are no 
case reports or controlled clinical trials to compare the 
effects of gingival massaging in the treatment of gingi-
val recessions. The aim of our study was to compare in 
terms of root coverage the effect of gingival massaging 
using an ayurvedic product and semilunar coronally re-
positioned flap to assess the treatment outcomes in the 
management of Miller’s class Ⅰ gingival recessions over 
a 6 mo period.

Mishra AK, Kumathalli K, Sridhar R, Maru R, Mangal B, Kedia S, 
Shrihatti R. Comparison of semilunar coronally repositioned flap 
with gingival massaging using an Ayurvedic product (irimedadi 
taila) in the treatment of class-Ⅰ gingival recession: A clinical 
study. World J Clin Cases 2014; 2(10): 534-540  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i10/534.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i10.534

INTRODUCTION
Gingival recession is defined as the migration of  the mar-
ginal tissue apical to the cemento-enamel junction (CEJ). 
Its occurrence is common and its prevalence increases 
with age. The recession of  the gingiva resultant of  at-
tachment loss and root exposure may be associated with 
one or more tooth surfaces and lead to clinical problems 
such as dentinal hypersensitivity, root caries, cervical root 
abrasions and diminished cosmetic appeal[1,2].

Miller[3] (1985) in his classification of  recession has 
described class Ⅰ recession as marginal tissue recession 
that does not extend up to the mucogingival junction 
and not accompanied by any loss of  bone or soft tissue 
in the interdental area. Very often, it is the most coro-
nal millimeter of  recession which is visible when the 
patient smiles. Thus even a marginal gingival recession, 
can account for major aesthetic problems and persistent 
dentinal hypersensitivity[4]. In order to combat these clini-
cal problems, various treatment modalities have been 
proposed that have in due course evolved based on the 
knowledge of  healing of  the gingiva and the attachment 
system.

Aimetti et al[5] (2005) proposed non-surgical therapy 
viz periodic scaling and polishing for the treatment of  
shallow gingival recession. It was hypothesized that re-
duction of  root convexity and elimination of  microbial 
toxins from the root surface by scaling and root plan-
ing promotes creeping attachment of  gingival margin. 
Tarnow[6] (1986) introduced the semilunar coronally re-
positioned flap (SCRF) procedure as one of  the surgical 

approaches to treat Class Ⅰ gingival recessions. It entails 
coronal advancement of  a semilunar flap without any 
tension or disturbance to the subjacent tissues. The flap 
is stabilized in the desirable position under gravity, hence 
a sutureless technique.

Gingival massaging an age old practice is said to in-
crease capillary gingival microcirculation, thereby increas-
ing oxygen sufficiency, gingival fibroblastic proliferation, 
keratinization of  oral and sulcuar epithelium, and forma-
tion of  dense bundles of  collagenous connective tissue 

all of  which are attributable to creeping attachment[5,7]. 
Gingival massaging is carried out using various agents 
that aid lubrication as well as medication of  the tissues. 
IrimedadiTaila an ayurvedicproductis said to have been 
used for centuries by many communities in the Middle 
East and North Africa as a massaging agent[8]. It consists 
mainly of  Acacia arabica a complex mixture of  the cal-
cium, magnesium and potassium salts of  Arabic acid. Its 
antiplaque properties are said to create right conditions 
for gingiva to recapture its biologic dimensions[5,8].

However no much of  information is available upon 
an electronic or manual search concerning the effects of  
gingival massaging in the treatment of  gingival recessions. 
There is a dearth of  information as to by what exact 
mechanisms the non-surgical approaches help root cover-
age and to what extent if  at all. Given that many patients 
are skeptical about surgical treatment, scaling/root plan-
ing followed by gingival massaging with an agent could be 
a better option provided their benefits are proved. This 
study is one such attempt to evaluate the effect of  gingival 
massaging using an ayurvedic product in comparison with 
SCRF to assess the treatment outcomes in the manage-
ment of  Miller’s class Ⅰ gingival recessions. Hence the aim 
of  the present study was to assess the efficacy of  SCRF 
and gingival massaging (by placebo and IrimedadiTaila) in 
terms of  root coverage in Miller’s Class Ⅰ recession, with 
respect to clinical parameters [Recession height (RH), re-
cession width (RW), probing depth (PD), clinical attach-
ment level (CAL), thickness of  keratinized tissue (TKT) 
and width of  attached gingiva]. Further, intergroup which 
comparisons of  treatment outcomes to assess advantages 
or disadvantages of  one technique over the other was 
also assessed.

MATERIALS AND METHODS
A total of  90 sites of  Miller’s class-Ⅰ gingival recessions 
on labial aspects of  maxillary anteriors, were selected 
from the patients reporting to the out-patient department 
of  Periodontics, Modern Dental College and Research 
Centre, Indore. Teeth associated with inadequate width 
of  attached gingiva, caries/restorations were excluded. 
Pregnant females and individuals afflicted by systemic 
disease, tobacco/alcohol abuse, parafunctional habits 
were excluded from the study. Individuals who were 
already on the regimen of  gingival massage or had un-
dergone mucogingival surgery were dropped out of  the 
study.

Mishra AK et al . SCRF vs  gingival massaging for recession defects
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The study protocol was approved by the ethical com-
mittee of  Modern Dental College and Research Centre, 
Indore and study sites were randomly allocated to three 
different study groups after obtaining an informed con-
sent. Group Ⅰ (control group) comprised of  30 sites that 
were treated by massaging with placebo (clarified butter). 
Group Ⅱ (test group) included 30 sites that were treated 
by massaging with an ayurvdicoil (IrimedadiTaila). Group 
Ⅲ (test group) included 30 sites to be treated by SCRF[6].

Clinical evaluation
The sites were subjected to clinical assessments as fol-
lows: RH was measured as the distance from the CEJ 
to the gingival margin (GM), calculated in millimeters. 
RW was recorded as horizontal width of  CEJ. Probing 
pocket depth was measured as the distance from the GM 
to the bottom of  the gingival sulcus. CAL was calcu-
lated as recession height and probing depth (RH + PD). 
Width of  attached gingiva was recorded as the distance 
between the free gingival groove and the MGJ. All the 
readings were recorded using a manual pressure-sensitive 
periodontal probe DB 764 R, (Aesculap, Tuttlingen, Ger-
many) calibrated at a force of  0.2 N. Readings for TKT 
was obtained by penetrating the tissue with a 15 number 
endodontic spreader under lidocaine 15 gm spray and 
subsequently the penetration depth was measured with 
an electronic caliper of  0.01 mm resolution. The gingival 

thickness was assessed at midbuccal level in the attached 
gingiva, half  way between the mucogingival junction and 
free gingival groove[9]. These readings were recorded pre-
operatively as well as 6 mo post-operatively and then sub-
jected to statistical analysis.

Clinical procedures
After a detailed examination and diagnosis, scrupulous 
oral prophylaxis was accomplished to ensure that local 
etiological factors are eliminated; followed by oral care 
instructions and patient motivation towards compliance. 
Patients belonging to group Ⅰ (Figure 1A) and group 
Ⅱ (Figure 1B) were trained to master the technique of  
gingival massaging with either of  the agents as the case 
may be. The technique involved massaging their gums 
with finger three times daily for two minutes in the con-
cerned area and then rinse away with water. Patients were 
instructed to comply with gingival massaging for the span 
of  6 mo, after which to report back for post-operative 
evaluation. Sites belonging to group Ⅲ (Figure 1C) were 
treated surgically by semilunar coronally repositioned flap 
(Figure 2) as recommended by Tarnow[6], followed by 
suitable postoperative surgical care and oral care instruc-
tions. The patients were recalled at 1, 3 and 6 mo post 
operatively. One and 3 mo postoperative recall visits were 
utilized for reinforcement of  oral care regimen and mas-
saging techniques, wherein, readings at 6 mo postopera-
tive follow up only were utilized for statistical analysis.

Statistical analysis
Shapiro-Wilk test was applied to test for the Normalcy of  
the data. The parameters significantly differed from nor-
mal distribution, and therefore, all the comparisons were 
tabulated using Non-Parametric tests, i.e., wilcoxon signed 
rank test, Kruskal Wallis and Mann Whitney U test. All 
comparisons were done using SPSS Statistical Software 
Package Version 10.0 and probability value (P-value) of  
less than 0.01 was considered as statistically significant.

RESULTS
Gingival massaging with placebo (Ghee) (Figure 3A) 
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Figure 1  Miller’s class-Ⅰ gingival recession. A: Miller’s class-Ⅰ gingival recession with 11; B: Miller’s class-Ⅰ gingival recession with 13; C: Miller’s class-Ⅰ gingi-
val recession with 12.

Figure 2  Coronally repositioned flap with 12.

A B C
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attachment level were statistically nonsignificant (Table 
2). Sites treated by semilunar coronally repositioned flap 
(Figure 3C) exhibited highly significant improvements 
with respect to all the clinical parameters except probing 
pocket depth (Table 3). 

Intergroup comparisons (Table 4) via Kruskal Wal-
lis test aided in the determination of  advantages of  one 
technique over the other. Sites treated by SCRF exhibited 
highly significant improvements with respect to recession 
height (P < 0.001), recession width (P < 0.001), CAL (P 
< 0.001), thickness of  keratinized tissue (P < 0.004) as 
compared to those treated by gingival massaging with 
the ayurvedic substance. However no significant differ-
ence was observed in relation to probing pocket depth 
between the groups (Table 5). Sites treated by SCRF had 
similar advantages when compared with sites treated by 
gingival massaging using a placebo (Table 6).

When compared between gingival massaging with an 
ayurvedic substance and placebo, former showed remark-
able improvements only with respect to recession width 
(P < 0.001), probing pocket depth (P < 0.001) and thick-
ness of  keratinized tissue (P < 0.001). However there was 
no significant difference with respect to CAL, recession 
height and width of  keratinized gingiva (Table 7).

DISCUSSION
Gingival recession is a common condition whose extent 
and prevalence has been noted to increase with age. It 

resulted in a statistically significant reduction in probing 
pocket depth (P = 0.001), gain in clinical attachment level 
(P = 0.002) and increase in thickness of  keratinized tissue 
(P < 0.001). The clinical improvements with respect to 
recession height, recession width and width of  attached 
gingiva were statistically nonsignificant (Table 1). Gingival 
massaging using an ayurvedic product (IrimedadiTaila) 
(Figure 3B), on the contrary resulted in to statistically 
significant reductions in recession height and recession 
width (P < 0.003 and P < 0.001 respectively); also a sig-
nificant gain in thickness of  keratinized tissue and width 
of  attached gingiva (P < 0.001) and (P = 0.001) respec-
tively. But reductions in probing pocket depth and clinical 
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Figure 3  Six months post-operative view. A: Six months post-operative view of 12; B: Six months post-operative view of 11; C: Six months post-operative view of 13.

A B C

Table 1  Evaluation of clinical parameters from pre-operative 
to 6 mo post-operative period for group Ⅰ-gingival massaging 
using a placebo (Clarified butter) (n  = 30)

Clinical parameters Baseline 6 mo P-value

(mean ± SD) (mean ± SD) (significance)
Recession height   1.7 ± 0.65   1.5 ± 0.51 0.034
Recession width   3.8 ± 0.66 3.57 ± 0.63 0.100
Probing pocket depth   1.9 ± 0.40   1.5 ± 0.51        0.001b (S)
Clinical attachment level   3.5 ± 0.82      3 ± 0.87        0.002b (S)
Thickness of keratinized 
tissue

0.84 ± 0.18 0.97 ± 0.21     < 0.001b (S)

Width of attached gingiva 2.53 ± 0.57   2.8 ± 0.55 0.011

bP < 0.01, clinical parameters from pre-operative vs 6 mo post-operative 
period. S: Significant.

Table 2  Evaluation of clinical parameters from pre-operative 
to 6 mo post-operative period for group-Ⅱ gingival massaging 
using an ayurvedic oil (iremedadi taila) (n  = 30)

Clinical parameters Baseline 6 mo P-value

(mean ± SD) (mean ± SD) (significance)
Recession height 1.77 ± 0.63 1.27 ± 0.58    0.003b (S)
Recession width   3.3 ± 0.46 2.23 ± 0.43 < 0.001b (S)
Probing pocket depth 1.47 ± 0.50 1.63 ± 0.49      0.096 (NS)
Clinical attachment level 3.23 ± 0.82   2.9 ± 0.76      0.064 (NS)
Thickness of keratinized 
tissue

0.85 ± 0.17 1.07 ± 0.19 < 0.001b (S)

Width of attached gingiva 2.37 ± 0.56   2.9 ± 0.66    0.001b (S)

bP < 0.01, clinical parameters from pre-operative vs 6 mo post-operative 
period. S: Significant; NS: Non significant.

Table 3  Evaluation of clinical parameters from pre-operative 
to 6 mo post-operative period for Group-Ⅲ semilunar cor-
onally repositioned flap (n  = 30)

Clinical parameters Baseline 6 mo P-value

(mean ± SD) (mean ± SD) (significance)
Recession height 2.33 ± 0.55 0.57 ± 0.50    < 0.001b (S)
Recession width 3.33 ± 0.76   1.1 ± 0.66    < 0.001b (S)
Probing pocket depth 1.57 ± 0.50 1.33 ± 0.48 0.071
Clinical attachment level 3.87 ± 0.73   1.9 ± 0.66    < 0.001b (S)
Thickness of keratinized 
tissue

0.97 ± 0.19 1.38 ± 0.23    < 0.001b (S)

Width of attached gingiva 2.63 ± 0.71 3.37 ± 0.56       0.001 (S)

bP < 0.01, clinical parameters from pre-operative vs 6 mo post-operative 
period. S: Significant.
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has been estimated that 50% of  the population has one 
or more sites with 1mm or more of  such root exposure. 
This prevalence rate increases to 88% for individuals 
above 65 years of  age[10].

Given the high prevalence rate of  gingival recession 
defects among the general population, it is imperative 
that dental practitioners have an understanding of  the eti-
ology, complications and treatment options of  the condi-
tion. Even in this era, when sophisticated techniques and 
materials are available, non-invasive approaches to treat-
ment of  recessions remain in practice with paramount 
importance. This study was carried out to assess the 
viability of  surgical and non-surgical techniques for man-
agement of  gingival recessions.

Numerous studies reported the efficacy and predict-
ability of  proposed surgical techniques. Several factors 
govern the selection of  a surgical technique to treat re-
cessed teeth such as the anatomy of  the defect site, such 
as the size of  the recession, width of  keratinized tissue 
adjacent to the defect, dimensions of  the interdental soft 
tissue, and the depth of  the vestibule or the presence 

of  frenula and evidence based predictability of  various 
procedures[11-13]. The SCRF surgical procedure is easy to 
perform and highly reproducible in shallow recession de-
fects (class I) when gingival augmentation is not needed. 
Case reports[2,14,15] have shown a high success rate for this 
procedure.

Gingival massaging, an age old traditional oral hygiene 
practice which has been used for centuries by many com-
munities have two quite separate effects on gingival kera-
tinization. One, the direct effect of  frictional stimulation 
leading to an increased mitotic rate and greater thickness 
of  both the malpighian region and the stratum corneum 
of  the gingival epithelium and the other, an indirect ef-
fect of  the more efficient removal of  dental plaque which 
leads to a reduction in inflammation, allows the gingival 
epithelium to express more fully its keratinizing poten-
tial[16]. The other effects of  gingival massaging is said to 
increase capillary gingival microcirculation[17,18] thereby 
increasing oxygen sufficiency[19], gingival fibroblastic 
proliferation[7], and formation of  dense bundles of  col-
lagenous connective tissue[20]. However, only one case is 
available in the literature[21] showing successful root cov-
erage at multiple sites resulting from gingival massage. To 
our knowledge, there have been no long term controlled 
studies to provide outcome assessment data with regard 
to predictability and percentage of  recession coverage by 
gingival massaging using ayurvedicoil. Hence this study 
was undertaken to compare benefits of  gingival massag-
ing using ayurvedic oil with those of  SCRF technique in 
the treatment of  class Ⅰ recession.

This study witnessed that, although SCRF technique 
proved to be far superior, the clinical outcomes of  gingi-
val massaging by an ayurvedic oil (IrimedadiTaila) were 

538 October 16, 2014|Volume 2|Issue 10|WJCC|www.wjgnet.com

Table 4  Comparison of clinical parameters from pre-operative to 6 mo post-operative period between the three groups using 
Kruskal Wallis test1

Clinical parameter Group Ⅰ Group Ⅱ Group Ⅲ χ 2 P -value (significance)

Recession height     0.2 ± 0.48     0.5 ± 0.78    1.77 ± 0.73 47.56 < 0.001b (S)
Recession width   0.23 ± 0.77   1.07 ± 0.58    2.23 ± 0.82 51.28 < 0.001b (S)
Probing pocket depth     0.4 ± 0.49  -0.17 ± 0.53    0.23 ± 0.68 13.29 < 0.001b (S)
Clinical attachment level     0.5 ± 0.73   0.33 ± 0.96    1.97 ± 0.81 42.01 < 0.001b (S)
Thickness of keratinized tissue  -0.13 ± 0.12  -0.23 ± 0.15   -0.41 ± 0.27 22.86 < 0.001b (S)
Width of attached gingiva  -0.27 ± 0.52 - 0.53 ± 0.68   -0.73 ± 0.98   7.03    0.03 (NS)

1Degree of freedom: 2. bP < 0.01, clinical parameters from pre-operative vs 6 mo post-operative period. S: Significant; NS: Non significant.

Table 5  Comparison of clinical parameters between group 3 
vs  group 2 using Mann-Whitney U  test

Clinical parameter Z  value P  value (significance)

Recession height -5.064    < 0.001b (S)
Recession width -4.996    < 0.001b (S)
Probing pocket depth -2.455 0.014
Clinical attachment level  -5.390    < 0.001b (S)
Thickness of keratinized tissue  -2.841      0.004 (S)
Width of attached gingiva

bP < 0.01, clinical parameters of group 3 vs group 2. S: Significant.

Table 6  Comparison of clinical parameters between group 3 
vs  group 1 using Mann-Whitney U  test

Clinical parameter Z  value P  value (significance)

Recession height -6.366     < 0.001b (S)
Recession width -6.141     < 0.001b (S)
Probing pocket depth -0.855 0.392
Clinical attachment level -5.682     < 0.001b (S)
Thickness of keratinized tissue -4.441     < 0.001b (S)
Width of attached gingiva

bP < 0.01, clinical parameters of group 3 vs group 1. S: Significant.

Table 7  Comparison of clinical parameters between group 2 
vs  group 1 using Mann-Whitney U  test

Clinical parameter Z  value P  value (significance)

Recession height -1.772  0.076
Recession Width -4.330     < 0.001b (S)
Probing pocket depth -3.734     < 0.001b (S)
Clinical attachment level -1.494  0.135
Thickness of keratinized tissue -2.579        0.01b (S)
Width of attached gingiva

bP < 0.01, clinical parameters of group 2 vs group 1. S: Significant.
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almost close to it (Tables 1, 2 and 3). Both the proce-
dures produced statistically significant improvement with 
relation to recession height, recession width, thickness of  
keratinized tissue and width of  attached gingiva, imply-
ing that both the methods are equivalent in root coverage 
and increasing width and thickness of  attached gingiva. 
The significant root coverage achieved with of  SCRF 
technique in the present study is almost in accordance 
with numerous other studies with only slight differ-
ences[12,22-26]. Some of  those studies with higher success 
in root coverage have notably used additional methods 
of  flap fixation such as sutures/adhesives or microsurgi-
cal techniques that may have enhanced clinical outcomes. 
Thus the differences in surgical protocols and measure-
ment methods adapted in the study could be held re-
sponsible for variations in the results. The significant in-
crease in width of  attached gingiva with SCRF technique 
could be attributed to the granulation tissue that fills the 
semilunar area. Other studies too have presented similar 
observation although with slight variations[24,25,27-29]. This 
variability could be attributed to the bias in the methods 
used to identify the mucogingival position, surgical ap-
proach and improper case selection. The significant in-
crease in the thickness of  keratinized tissue in our study 
goes well in accordance with Bittencourt et al[26]. Increase 
in the thickness of  gingival tissue is desirable since it can 
resist gingival recession resulting from faulty tooth brush-
ing and inflammatory reactions[29,30]. But some authors 
have questioned the ability of  thick gingival tissue in the 
prevention of  recession. Based on a 2 year prospective 
clinical study authors recommend the practice of  correct 
brushing technique to prevent recession instead of  rely-
ing on the ability of  thickness of  gingiva[31]. Only long 
term follow up studies can determine the sound basis for 
this association. SCRF technique also leads to significant 
gain in CAL in the study sample. Similar observations 
have been reported by other studies too[24,26,32]. The prob-
ing depth reductions were non-significant.

In this study, an attempt was made to elucidate the 
role of  creeping attachment in root coverage following 
gingival massaging with ayurvedic oil. Gain in CAL was 
assumed to be reflecting creeping attachment but the 
gain in CAL following gingival massaging were negligible 
(0.4-0.89 mm) and statistically non-significant (Table 2). 
These results are weak to support the hypothesis that, 
gingival massaging brings root coverage via creeping at-
tachment. The available literature also lacks exact details 
as to when and how the creeping attachment starts and 
progresses. Certain studies have observed that creeping 
attachment occurs between 1 mo to 1 year.

In contrast, there was increase in the probing depths 
although negligible. This leads us to speculate that, mas-
saging action may have lead to flattening and adaptation 
of  gingival margin, or even marginal hypertrophy that 
majorly attributes to reduction in width and height of  
visible recession. Though this speculation may not hold 
strong consideration, it cannot be denied. 

Intergroup comparisons (Table 4) demonstrated clear 
advantages of  SCRF over gingival massaging with ay-

urvedic oil, which inturn is advantageous over gingival 
massaging with placebo (clarified butter). This clearly 
states the superior nature of  SCRF in the treatment of  
class Ⅰ recessions, while, gingival massaging with ay-
urvedic oil maintains close proximity to SCRF in terms 
of  its clinical outcomes. Unfortunately no such data is 
available in the literature against which our observations 
could be compared.

Nevertheless SCRF procedure is a gold standard ap-
proach in terms of  all the clinical parameters except for 
probing pocket depth and width of  attached gingiva com-
pared to the gingival massaging group. Under the circum-
stances where SCRF procedure remains contraindicated, 
or in patients who are skeptical on having to undergo 
surgical therapy for recession coverage, gingival massag-
ing with an ayurvedic substance (IrimedadiTaila) offers a 
best alternative with almost equivalent benefits. Even the 
simple gingival massaging using an inert lubricant (such 
as Ghee) can be opted for as an adjunct to Scaling and 
root planing in areas of  recession during maintenance 
phase.

COMMENTS
Background
The Semilunar coronally repositioned flap (SCRF) is one of the procedure 
described in the Journal of Clinical Periodontology in 1986 for the treatment of 
shallow recession. So far, however, no controlled clinical study has evaluated 
the SCRF performed as originally described and compared it with gingival mas-
saging using an Ayurvedic product.
Research frontiers
Root coverage was achieved in both the groups and was stable during the 
evaluation period of 6 mo.
Innovations and breakthroughs
This is the pioneer study, where authors have used Ayurvedic product for mas-
saging and results were significant when compared with SCRF technique.
Applications
Daily home care by the patient and gingival massaging might play an important 
role in improving gingival recessions and prevents further progression of muco-
gingival defects.
Terminology
IrimedadiTaila: Name of Ayurvedic massaging oil, with ingrediants like Acacia 
Arabica, etc., which is used for maintaining plaque free environment in the oral 
cavity.
Peer review
The authors have chosen a very interesting and inexhaustible theme for the 
article.

REFERENCES
1 Löe H, Anerud A, Boysen H. The natural history of peri-

odontal disease in man: prevalence, severity, and extent of 
gingival recession. J Periodontol 1992; 63: 489-495 [PMID: 
1625148 DOI: 10.1902/JOP.1992.63.6.489]

2 Bouchard P, Malet J, Borghetti A. Decision-making in aes-
thetics: root coverage revisited. Periodontol 2000 2001; 27: 
97-120 [PMID: 11551302 DOI: 10.1034/J.1600-0757.2001.0270
01097.x]

3 Miller PD. A classification of marginal tissue recession. Int J 
Periodontics Restorative Dent 1985; 5: 8-13 [PMID: 3858267]

4 Clauser C, Nieri M, Franceschi D, Pagliaro U, Pini-Prato G. 
Evidence-based mucogingival therapy. Part 2: Ordinary and 
individual patient data meta-analyses of surgical treatment 
of recession using complete root coverage as the outcome 

539 October 16, 2014|Volume 2|Issue 10|WJCC|www.wjgnet.com

 COMMENTS

Mishra AK et al . SCRF vs  gingival massaging for recession defects



variable. J Periodontol 2003; 74: 741-756 [PMID: 12816306 
DOI: 10.1902/JOP.2003.74.5.741]

5 Aimetti M, Romano F, Peccolo DC, Debernardi C. Non-
surgical periodontal therapy of shallow gingival recession 
defects: evaluation of the restorative capacity of marginal 
gingiva after 12 months. J Periodontol 2005; 76: 256-261 [PMID: 
15974850 DOI: 10.1902/JOP.2005.76.2.256]

6 Tarnow DP. Semilunar coronally repositioned flap. J Clin 
Periodontol 1986; 13: 182-185 [PMID: 3457805 DOI: 10.1111/
J.1600-051X.1986.tb01456.x]

7 Horiuchi M, Yamamoto T, Tomofuji T, Ishikawa A, Morita 
M, Watanabe T. Toothbrushing promotes gingival fibroblast 
proliferation more effectively than removal of dental plaque. 
J Clin Periodontol 2002; 29: 791-795 [PMID: 12423290 DOI: 
10.1034/J.1600-051X.2002.290901.x]

8 Gazi MI. The finding of antiplaque features in Acacia Ara-
bica type of chewing gum. J Clin Periodontol 1991; 18: 75-77 
[PMID: 2045522 DOI: 10.1111/j.1600-051X.1991.tb01123.x]

9 Goaslind GD, Robertson PB, Mahan CJ, Morrison WW, 
Olson JV. Thickness of facial gingiva. J Periodontol 1977; 48: 
768-771 [PMID: 271223 DOI: 10.1902/JOP.1977.48.12.768]

10 Kassab MM, Cohen RE. The etiology and prevalence of gin-
gival recession. J Am Dent Assoc 2003; 134: 220-225 [PMID: 
12636127 DOI: 10.14219/JADA.ARCHIVE.2003.0137]

11 Zucchelli G, Testori T, De Sanctis M. Clinical and anatomi-
cal factors limiting treatment outcomes of gingival recession: 
a new method to predetermine the line of root coverage. J 
Periodontol 2006; 77: 714-721 [PMID: 16584355 DOI: 10.1902/
JOP.2006.050038]

12 Haghighati F, Mousavi M, Moslemi N, Kebria MM, Goles-
tan B. A comparative study of two root-coverage techniques 
with regard to interdental papilla dimension as a prognostic 
factor. Int J Periodontics Restorative Dent 2009; 29: 179-189 
[PMID: 19408480 DOI: 10.11607/PRD.00.0851]

13 Kerner S, Sarfati A, Katsahian S, Jaumet V, Micheau C, Mora 
F, Monnet-Corti V, Bouchard P. Qualitative cosmetic evalu-
ation after root-coverage procedures. J Periodontol 2009; 80: 
41-47 [PMID: 19228088 DOI: 10.1902/jop.2009.080413]

14 Thompson BK, Meyer R, Singh GB, Mitchell W. Desensitiza-
tion of exposed root surfaces using a semilunar coronally 
positioned flap. Gen Dent 2000; 48: 68-71; quiz 72-73 [PMID: 
11199557]

15 Casati MZ, Nociti FH jr, SallumEnilson A. Treatment of gin-
gival recessions by semilunar coronally positioned flap. Rev 
Assoc Paul Cir Dent 2001; 55: 169-172

16 Ekuni D, Yamanaka R, Yamamoto T, Miyauchi M, Takata 
T, Watanabe T. Effects of mechanical stimulation by a pow-
ered toothbrush on the healing of periodontal tissue in a rat 
model of periodontal disease. J Periodontal Res 2010; 45: 45-51 
[PMID: 19602119 DOI: 10.1111/J.1600-0765.2009.01195.X]

17 Hanioka T, Nagata H, Murakami Y, Tamagawa H, Shizukui-
shi S. Mechanical stimulation by toothbrushing increases ox-
ygen sufficiency in human gingivae. J Clin Periodontol 1993; 
20: 591-594 [PMID: 8408721 DOI: 10.1111/J.1600-051X.1993.
TB00776.X]

18 Perry DA, McDowell J, Goodis HE. Gingival microcircula-
tion response to tooth brushing measured by laser Doppler 
flowmetry. J Periodontol 1997; 68: 990-995 [PMID: 9358366 
DOI: 10.1902/JOP.1997.68.10.990]

19 Tanaka M, Hanioka T, Kishimoto M, Shizukuishi S. Effect of 
mechanical toothbrush stimulation on gingival microcircula-
tory functions in inflamed gingiva of dogs. J Clin Periodon-

tol 1998; 25: 561-565 [PMID: 9696256 DOI: 10.1111/J.1600-
051X.1998.tb02488.x]

20 Fraleigh CM. Tissue changes with manual and electric 
brushes. J Am Dent Assoc 1965; 70: 380-387 [PMID: 14232288]

21 Ando K, Ito K, Murai S. Improvement of multiple facial gin-
gival recession by non-surgical and supportive periodontal 
therapy: a case report. J Periodontol 1999; 70: 909-913 [PMID: 
10476900 DOI: 10.1902/JOP.1999.70.8.909]

22 Marggraf E. A direct technique with a double lateral bridg-
ing flap for coverage of denuded root surface and gingiva 
extension. Clinical evaluation after 2 years. J Clin Periodon-
tol 1985; 12: 69-76 [PMID: 3855873 DOI: 10.1111/J.1600-
051X.1985.tb01355.x]

23 Jahangirnezhad M. Semilunarcoronally repositioned flap for 
the treatment of gingival recession with and without tissue 
adhesives: a pilot study. J Dent (Tehran) 2006; 3: 36-39

24 Bittencourt S, Del Peloso Ribeiro E, Sallum EA, Sallum AW, 
Nociti FH, Casati MZ. Comparative 6-month clinical study 
of a semilunar coronally positioned flap and subepithelial 
connective tissue graft for the treatment of gingival reces-
sion. J Periodontol 2006; 77: 174-181 [PMID: 16460241 DOI: 
10.1902/JOP.2006.050114]

25 Bittencourt S, Ribeiro Edel P, Sallum EA, Sallum AW, Nociti 
FH, Casati MZ. Root surface biomodification with EDTA for 
the treatment of gingival recession with a semilunar coronal-
ly repositioned flap. J Periodontol 2007; 78: 1695-1701 [PMID: 
17760538 DOI: 10.1902/JOP.2007.060507]

26 Bittencourt S, Ribeiro Edel P, Sallum EA, Sallum AW, Nociti 
FH, Casati MZ. Semilunar coronally positioned flap or sub-
epithelial connective tissue graft for the treatment of gingival 
recession: a 30-month follow-up study. J Periodontol 2009; 80: 
1076-1082 [PMID: 19563287 DOI: 10.1902/JOP.2009.080498]

27 Pini Prato G, Tinti C, Vincenzi G, Magnani C, Cortellini P, 
Clauser C. Guided tissue regeneration versus mucogingival 
surgery in the treatment of human buccal gingival recession. 
J Periodontol 1992; 63: 919-928 [PMID: 1453307 DOI: 10.1902/
JOP.1992.63.11.919]

28 Rosetti EP, Marcantonio RA, Rossa C, Chaves ES, Goissis G, 
Marcantonio E. Treatment of gingival recession: compara-
tive study between subepithelial connective tissue graft and 
guided tissue regeneration. J Periodontol 2000; 71: 1441-1447 
[PMID: 11022773 DOI: 10.1902/JOP.2000.71.9.1441]

29 Müller HP, Stahl M, Eger T. Root coverage employing an 
envelope technique or guided tissue regeneration with a bio-
absorbable membrane. J Periodontol 1999; 70: 743-751 [PMID: 
10440635 DOI: 10.1902/jop.1999.70.7.743]

30 Paolantonio M, Dolci M, Esposito P, D’Archivio D, Lisanti L, 
Di Luccio A, Perinetti G. Subpedicle acellular dermal matrix 
graft and autogenous connective tissue graft in the treatment 
of gingival recessions: a comparative 1-year clinical study. 
J Periodontol 2002; 73: 1299-1307 [PMID: 12479634 DOI: 
10.1902/JOP.2002.73.11.1299]

31 Wennström JL, Zucchelli G. Increased gingival dimensions. 
A significant factor for successful outcome of root cover-
age procedures? A 2-year prospective clinical study. J Clin 
Periodontol 1996; 23: 770-777 [PMID: 8877664 DOI: 10.1111/
J.1600-051X.1996.tb00608.x]

32 Santana RB, Mattos CM, Dibart S. A clinical comparison of 
two flap designs for coronal advancement of the gingival 
margin: semilunar versus coronally advanced flap. J Clin 
Periodontol 2010; 37: 651-658 [PMID: 20528963 DOI: 10.1111/
J.1600-051X.2010.01582.x]

P- Reviewer: Mishra AK, Pejcic A, Zucchelli G    
S- Editor: Ji FF    L- Editor: A    E- Editor: Liu SQ  

540 October 16, 2014|Volume 2|Issue 10|WJCC|www.wjgnet.com

Mishra AK et al . SCRF vs  gingival massaging for recession defects



lies. The individuals were matched by gender and age. 
The following data were computed: gender, age, ethnic 
group, karyotype, clinical presentation and family histo-
ry of alopecia areata. Descriptive analysis: measures of 
central tendency and frequency distribution. Inferential 
analysis: Fisher’s exact test to compare categorical data 
between the three groups and Kruskal-Wallis ANOVA 
test for numerical data.

RESULTS: Seventy per cent of evaluated individuals in 
the DS and AA group were male; presented mean age 
of 18.6 (SD ± 7.2) years and 70% were Caucasian. 
We observed involvement of the scalp, with a single 
lesion in 10% and multiple in 90% of subjects. It was 
observed that there is no significant difference in the 
frequency distributions of the alleles HLA loci A, B, C, 
DRB1 and DQB1 of subjects studied. However, accord-
ing to Fisher’s exact test, there is a trend (P  = 0.089) 
of DS group to present higher proportions of HLA-A 
36 and HLA-B 15 than the AA group and AA and DS 
group.

CONCLUSION: There was a tendency for the DS group, 
to present proportion of HLA-A 36 and HLA-B 15 higher 
than the AA group and group of individuals with AA and 
DS. However, there was no significant difference in the 
frequency distribution of the alleles.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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11%, higher than in general population. The frequency 
distribution of human leukocyte antigen alleles in the 
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alleles A-36 and B-15 in DS group. The cause of AA in 
DS remains unknown.
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Abstract
AIM: To describe human leukocyte antigen (HLA) al-
leles in individuals with Down syndrome and alopecia 
areata. 

METHODS: A cross-sectional study was conducted, 
which evaluated 109 individuals. Ten with down syn-
drome (DS) and alopecia areata (AA), ten with DS 
without AA and ten with AA without DS, and their fami-
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INTRODUCTION
Down syndrome (DS) is the most frequent chromosomal 
anomaly and common cause of mental retardation[1,2]. The 
prevalence of  DS is approximately 1:770 births, with a 
slight preponderance in the male gender[3]. 

This syndrome presents an increased prevalence of  
autoimmune disorders[4]. The prevalence of  alopecia 
areata (AA) in DS ranges from 1% to 11%, more fre-
quent in this group than the general population[5-11]. Some 
studies conducted with DS patients with and without AA 
showed changes related to the immune system. There 
are few studies involving the histocompatibility antigens 
(HLA), DS and AA[12-14]. 

The purpose of  this study was to describe HLA al-
leles (loci A, B, C, DRB1 and DQB1) in individuals with 
DS and AA.

MATERIALS AND METHODS
A cross-sectional study was conducted, in which 109 indi-
viduals were evaluated; 10 individuals with DS without AA 
(Group A) and 10 individuals with AA without DS (Group 
B), 10 individuals with DS and AA (Group C) and their 
families (Figure 1). The individuals were matched by gender 
and age. The clinical research protocol was approved by 
the Ethical Research Committee of  the Martagão Ges-
teira Pediatric Institute (IPPMG) and all participants or 
their caregivers signed the informed consent.

All DS individuals were diagnosed clinically, most by 
cytogenetic analysis, and presented a documented medi-
cal history of  AA or presented alopecia at the time of  
a consultation at the Medical Genetics Service. AA was 
considered to be hair loss leading to a “flaw” on any hairy 
body surface. 

All the participants of  the study were submitted to 
anamnesis and clinical exam to confirm DS and/or AA 
diagnosis by a clinical geneticist and by a dermatologist re-
spectively. Exclusion criteria included: trichotillomania and 
presence of  polycystic ovaries (evaluated by pelvic ultra-
sound in post-menarche female DS and/or AA patients).

The following data were computed: (1) gender and 
age; (2) cytogenetic exam; (3) ethnic group; (4) clinical 
picture of  AA; (5) family history of  AA; (6) HLA alleles; 
and (7) evaluation of  family.

The HLA typing was performed using commercial 
kits: LABType® Typing sequence specific oligonucle-
otide probes (SSO) Tests (One Lambda, Inc. CA, United 
States), which are based on the use of  SSO which are 
connected on the microbeads encoded by fluorescence 
identifying alleles encoded by the DNA sample.

A descriptive analysis with measures of  central tenden-
cy and frequency distribution was made and an inferential 
analysis on exploratory level was made by Fisher’s exact 
test to compare categorical data between the three groups 
by ANOVA and Kruskal-Wallis test for numerical data. 
Nonparametric test was used because the variables were 
not normally distributed (Gaussian), due to the dispersion 
of  the data and rejection of  the hypothesis of  normality 
according to the Kolmogorov-Smirnov test. The criterion 
for determination of  significance level was 5%.

RESULTS
Table 1 provides the frequency (n) and percentage (%) of  
categorical variables and disease according to demographic 
groups (A, B and C) and the corresponding descriptive level 
(P value) of  Fisher’s exact test. The age in months and the 
number of family members were expressed as mean, median 
and standard deviation and compared by Kruskal-Wallis 
ANOVA. 

Table 2 provides the frequency (n) and the percent-
age (%) of  the loci of  HLA-A, B, C, DQB1 and DRB1 
alleles, in the groups (DS, AA and DS + AA) and corre-
sponding descriptive level (P value) of  Fisher’s exact test. 

Regarding the relatives evaluation of  first and sec-
ond degrees, it was observed that the majority of  alleles 
showed a low frequency. We emphasize some alleles 
such as HLA-C 07 (21/55), HLA-DQB1 03 (28/55) and 
HLA-DQB1 06 (22/55) which had a high frequency (> 
50%) in the first-degree relatives of  all groups.

DISCUSSION
This study reflects an unpublished investigation in pa-
tients with DS. However, there was no statistical signifi-
cance in the distribution of  HLA in DS with or without 
AA. Although the sample size reflected a small number 
of  patients, in general, the groups did not differ (Table 
1), reflecting the selection criteria used. Several studies 
have focused on the association of  HLA and AA; some 
of  them correlating prognosis, extent, chance of  recur-
rence and family history with HLA[15-17]. These studies 
report that HLADQB1*03 allele was presented in 80% of  
all patients with AA, independently of  the phenotype, and 
in 92% of  individuals with total or universal AA. It was 
also demonstrated that the frequency of  HLA-DRB1*1104 
was increased in all sorts of AA[15,16]. These data were not 
reported in this study.

Although the literature reports that the AA in individ-
uals with DS is more common in females[5,18], the sample 
was predominantly male (70.0%). Schepis et al[19] (2005) 

studied individuals with DS and AA, and also identified 
more men with AA (92.3%). Concerning the 352 DS 
cases recorded in IPPMG, 15 of  them presented AA; 
the most frequently occurrence of  AA in males was not 
significant (P > 0.05). AA can occur as a single and self-
limited episode, but also can recur in DS patients[20,21]. In 
this study, 90% (9/10) individuals with DS and AA had 
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more than one lesion on the scalp, and 10% (1/10) pre-
sented single lesion on the scalp. This finding was similar 
which is reported in the literature[19]. AA can affect any 
hairy area and the most affected is scalp (90%)[22-25]. All 
evaluated individuals presented scalp lesion.

 Regarding family history, it is present in 10%-25% 
of  cases of  AA[10,26]. In this study we observed two cases 
(20%) of  family history (first degree relative) in AA with-
out DS group. 

Genetic studies of  AA have focused on HLA anti-
gens due to immunological aspects of  the disease[15,17,27,28]. 
Some have demonstrated that major complex of  histo-
compatibility genes are the major determinants for dis-

eases mediated by T cells, including AA[29,30]. In this study, 
no significant difference was observed at the level of  5% 
on the proportion of  HLA-A between groups. Accord-
ing to Fisher’s exact test, there is a trend (P = 0.089) of  
the DS group, present proportion of  HLA-A 36 (30%) 
higher than the AA (0%) and DS with AA (0%) group. 
Xiao et al[17] (2006) evaluated Chinese individuals, 192 
with AA and 252 controls and found higher frequency of  
HLA-A*02 and A*03 in patients than in controls. Despite 
not being the same allele, we can see that the distribution 
is in fact heterogeneous. 

In the same study[17], comparing patients and con-
trols, a higher frequency of  HLA-B*18 and HLA-B*27 

543 October 16, 2014|Volume 2|Issue 10|WJCC|www.wjgnet.com

DS in service = 352

DS with AA = 15 DS without AA = 337

DS without AA = 10
Family = 31
1st degree = 22
2nd degree = 9

AA = 10
Family = 14
1st degree = 13
2nd degree = 1

DS with AA = 10
Family = 34
1st degree = 23
2nd degree = 11

Evaluated 
individuals

Final sample:
DS with AA: 10
DS without AA: 10
AA: 10

Figure 1  Structure of selected sample. DS: Down syndrome; AA: Alopecia areata.

Table 1  Demographic and disease variables according the group  n  (%)

Variable Category DS group (A) AA group (B) DS + AA group (C) P  value1

Gender Male 7 (70.0) 7 (70.0) 7 (30.0) 1.000
Female 3 (30.0) 3 (30.0) 3 (30.0)

Age, mo Avarage ± SD (median)   224.1 ± 86.0 (233.5)    217.3 ± 90.2 (197.0)         224.3 ± 86.9 (223.5)  0.9702

Clinical presentation 1 lesion S 1 (10.0) 1 (10.0) Descrip-tive 
1 lesion S/cilium 1 (10.0) 0   0.0

Lesions S 6 (60.0) 9 (90.0)
Lesion S/total 1 (10.0) 0   0.0

Lesion S/total/eyebrow 1 (10.0) 0   0.0
Family history of alopecia Yes 0          0 2 (20.0) 0            0 0.230

No        10     (100.0) 8 (80.0)           10       (100.0)
Karyotype free trisomy 7     (100.0) 6 (85.7) 0.500

Translocation 0          0 1 (14.3)
Ethnic group Caucasian 6 (60.0) 3 (30.0) 7 (70.0) 0.270

Non-Caucasian 4 (40.0) 7 (70.0) 3 (30.0)
Family (n) 0 0          0 2 (20.0) 1 (10.0) Descrip-tive 

1 3 (30.0) 5 (50.0) 3 (30.0)
2 2 (20.0) 1 (10.0) 0   0.0
3 2 (20.0) 1 (10.0) 0   0.0
4 0   0.0 1 (10.0) 2 (20.0)
5 1 (10.0) 0   0.0 2 (20.0)
6 1 (10.0) 0   0.0 1 (10.0)
7 1 (10.0) 0   0.0 1 (10.0)

Family (n) Avarage ± SD (median) 3.1 ± 2.2 (2.5) 1.4 ± 1.3 (1) 3.4 ± 2.5 (4)  0.0852

1Fisher exact test; 2Kruskal-Wallis ANOVA. S: Scalp; DS: Down syndrome; AA: Alopecia areata.
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alleles (loci A, B, C, DRB1 and DQB1) was heteroge-
neous in the three groups, with no significant difference 
in the proportion. There was a trend (P = 0.089) of  the 
DS group to present higher proportion of  HLA-A 36 
than the others groups and a trend (P = 0.094) of  the DS 
group to present higher proportion of  HLA-B 15 than 
the others groups. HLA-C 07, HLA-DQB1 03 and HLA-
DQB1 06 alleles showed high frequency (> 50%) in first-
degree relatives of  the total sample.

This study was conducted with a small sample. We 
suggest further studies with larger sample.
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Table 2  Distribution of the most frequent human leukocyte 
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HLA-DRB1 11 1 (10.0) 3 (30.0) 3 (30.0) 0.640
HLA-DRB1 13 3 (30.0) 2 (20.0) 4 (40.0) 0.880

1Fisher Exact test. HLA-A 01, -03, -11, -23, -25, -30, -31, -32, -33, -66, -68, -80. 
HLA-B 07, -08, -13, -14, -27, -37, -40, -42, -48, -49, - 50, -51, -52,- 57, -58, -81. 
HLA-C 01, -03,- 04,- 05, -06,- 08, -14,-16,-17. HLA-DQB1 04, -05, -06. HLA-
DRB1 01, -07, -08, -10, -12, -15, -16 alleles had a frequency less than 1 and 
were not included in the Table 2. HLA: Human leukocyte antigen; DS: 
Down syndrome; AA: Alopecia areata.
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targeting adolescents and young adults represent the 
basis both for wellness and for fertility preservation, 
and thus benefits of increased support to educational 
campaigns would be apparent not only in terms of in-
dividual health but also in terms of cost reduction in 
public spending.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This article considers the questions young 
people are most frequently asking. It can be consid-
ered an innovative paper because in Italy and other 
countries many of these topics are considered taboo. 
Moreover, in this article we underline that the benefits 
of increased support for educational campaigns would 
be apparent not only in terms of individual health but 
also in terms of cost reduction in public spending.
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INTRODUCTION
Sexual health, sexual disorders and everything related to 
sex have often been considered a taboo topic in Italy for 
many reasons, including cultural, social and religious fac-
tors. Furthermore, while the specialist in gynecology is 
now both well known and readily accepted, the specialist 
in andrology is not yet fully established among the public. 
However, both in Italy and all over the world, societ-
ies are becoming increasingly aware that men as well as 
women need sexual health care services, while at the 
same time services that are available are underutilized[1]. 

He had always wanted to ask an andrologist but had never 
done so

Carlo Foresta, Damiano Pizzol

Carlo Foresta, Damiano Pizzol, Department of Medicine, Sec-
tion of Endocrinology and Centre for Human Reproduction Pa-
thology, University of Padua, 35121 Padova, Italy 
Author contributions: All authors contributed equally to this 
work.
Correspondence to: Dr. Pizzol Damiano, Department of 
Medicine, Section of Endocrinology and Centre for Human Re-
production Pathology, University of Padua, Via Gabelli 63, 35121 
Padova, Italy. damiano.pizzol@uniroma1.it
Telephone: +39-49-8218573  Fax: +39-49-8218520
Received: March 31, 2014      Revised: June 4, 2014
Accepted: July 27, 2014
Published online: October 16, 2014

Abstract
AIM: To understand and analyze what young Italian 
males attending high school would like to ask androlo-
gists but do not know how to or do not have the cour-
age to do so.

METHODS: As part of our “Androlife” campaign, we 
invited 1565 students attending the last year of high 
school to participate in our research. Firstly, they at-
tended a lesson on general and andrological health and 
then, on a voluntary basis, they responded to a survey 
and were subjected to a preventive andrological visit. 

RESULTS: The data analysis showed that the main 
topics in which young people are interested are: sexual 
activity and sexuality, sexually transmitted diseases, 
andrological health and fertility, and lifestyle.

CONCLUSION: This study highlights that young peo-
ple are very interested in sexual health issues and that 
they have specific needs and interests with regard to 
sexual health information. Public education campaigns 
such as Androlife should be supported and further im-
proved on the basis of the advice received by young 
participants. Sexual and reproductive health education 
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The absence of  a referring specialist for men adds to the 
lack of  heath education and prevention programs with 
the result that young people, particularly males, often are 
not knowledgeable of  diseases and risk factors related to 
sexual health. This situation inevitably leads to difficulties 
in implementing preventive measures. Moreover, the dif-
ficulty that young people encounter in talking to parents 
and seeking medical attention for sex-related problems 
motivates adolescents to attempt to solve problems by 
using the web or by relying on word of  mouth and often 
on urban myths. Consequently, if  the user is unable to 
select and identify the correct information there exists 
a major risk that not only problems are seldom solved, 
but also that they are often aggravated[2]. However, the 
tendency to high-risk behavior and to low utilization of  
sexual health services is not only characteristic of  young 
males but also extends to adult men, and it may contrib-
ute to lower male life expectancy[3]. Some authors have 
already taken into account social, behavioral and psycho-
social factors associated with sexual activity among young 
adolescents in order to create effective and enforceable 
prevention programs[4-6], and in many countries these pro-
grams have already been activated[7-9]. In Italy, male sexual 
health has received growing attention in recent years and 
a previous study on young men has identified a number 
of  risk factors for adolescents, highlighting a strong influ-
ence of  body mass index (BMI) on skeletal proportions 
and penis length and identifying a large proportion of  
subjects with testicular hypotrophy at risk of  future fertil-
ity problems[10]. A strong impetus to andrological health 
prevention was given by the campaign “Androlife”. This 
was a project aimed mainly at young people with the aim 
of  providing information, promoting prevention and 
collecting data. In this project, an anonymous question-
naire was administered to young participants selected 
among high school students. This paper focuses on just 
one section of  this survey. In particular, we wanted to 
understand and analyze what young Italian males attend-
ing high school would like to ask andrologists but do not 
know how to or do not have the courage to do so.

MATERIALS AND METHODS
Androlife campaign
Androlife is a project that has the following objectives: (1) 
to sensitize and to inform young people on general and 
andrological health; (2) to promote primary prevention 
of  diseases, especially concerning the male reproductive 
system; (3) to collect information on the habits, lifestyles, 
general and sexual health status of  young people through 
an anonymous questionnaire; and (4) to highlight patho-
logical conditions detectable by a free medical examina-
tion performed only in volunteers.

To achieve these objectives the “Androlife team” or-
ganized social and cultural events, free clinics dedicated 
to andrological prevention, and interventions by special-
ists in high schools for students in their final year in order 
to inform, educate and provide a free medical preventive 
evaluation for those who wished it.

Patients and setting
A total of  1565 students attending the final year of  high 
school in 2012-2013 in the Veneto Region of  North-East 
Italy were enrolled in the study. All students, aged 18-19 
years, attended an informative session held by a physi-
cian of  the University of  Padua. Of  all participants, 1492 
agreed to complete an anonymous survey. On a voluntary 
basis, 1083 participants then elected to undergo an on-
site clinical examination. The study was approved by the 
local Ethics Committee with the protocol number 2208P.

Information session
The sessions focused on 5 main topics: sexually transmit-
ted diseases, andrological diseases, lifestyle, drugs and 
alcohol and cybersex. For each topic, the specialist ex-
plained the risk factors, how to prevent them, how to take 
care of  one’s own health, the forms of  self  examination 
such as testicular self-examination, and possible solutions 
to existing problems. Students could also ask questions in 
public and/or ask further information in private on the 
topics covered. 

Survey
The anonymous survey included a general family history 
and a number of  questions on lifestyle, with particular at-
tention to smoking, diet, physical activity and the use and, 
or, abuse of  drugs. Moreover, a large section focused 
on sexual activity, such as number of  partners, sexual 
orientation, use of  condoms, and use and/or abuse of  
pornography on the web. Finally, the last section of  the 
survey contained an empty space where each participant 
was invited to write questions they might have wanted to 
ask an andrologist but had never done so. This section 
represented the topic of  this paper.

Visit 
On-site clinical examination was aimed at collecting an-
thropometric and penile measurements that included: 
height, weight, BMI, waist circumference, arm span, 
pubis-to-floor and crown-to-pubis length, penis length, 
penis circumference and testicular examination.

RESULTS
Among 1492 subjects who completed the survey, 1184 
provided a question that they had always wanted to ask 
a specialist but had never done so. Of  these, 793 (67%) 
claimed to already know the word andrologist, but only 
274 (23.1%) had already undergone an andrological 
check. After collecting all the questions, we clustered 
them into four main groups, taking into account the fre-
quency with which questions were asked (Table 1): 475 
(40.2%) adolescents had asked questions about sexuality 
and sexual activity, 242 (20.4%) about sexually transmit-
ted diseases, 216 (18.2%) about andrological health and 
fertility, and 142 (12%) about lifestyle. A further 109 
(9.2%) questions did not fit into one of  these groups and 
were combined into a generic group. The first 3 clusters 
were further divided into subgroups. The first cluster on 
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sexuality and sexual activity was divided into masturba-
tion, sexual intercourse and drug use for sex; the sexually 
transmitted diseases group into human immunodeficien-
cy virus, human papillomavirus virus and into a third ge-
neric group; andrological health and fertility was divided 
into varicocele, testicular tumors, and a final generic one. 
Table 1 shows the main and most frequent questions that 
young men provided in the survey, while in Table 2 we 
have given short answers to the received questions.

DISCUSSION
Sexuality and sexual activity
The issue of  sexuality is still a difficult topic to discuss 
with young people, and too little is being done to provide 
correct information to adolescents who are just starting 
to explore their sexuality. In this context, the Androlife 

campaign intended to be helpful to the largest number 
of  young men not only in giving information but also 
in facilitating the promotion of  health, and in particular 
andrological health. This campaign, aimed at high school 
students, highlighted, on the one hand, much interest 
and active participation by adolescents in the topic, and, 
on the other hand, a fundamental difficulty in dealing 
with these issues and a fundamental lack of  knowledge 
of  many basic facts on the part of  the participants. The 
worst consequences are a lack of  preventative measures, 
and a reliance on the web for addressing problems, with 
the result that such problems are not always approached 
properly, nor are they effectively solved. In this paper we 
have considered the main topics on which young men 
would like to receive information or clarification but do 
not know how to or where to find it. In particular, the 
largest number of  questions was related to masturba-
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Table 1  The main and most frequent questions of 1184 young Italian men  n  (%)

Sexuality and sexual activity Masturbation Is masturbation normal?
475 (40.2) 223 (46.9) Can a frequent masturbation cause damage to the penis and/or to the body?

Can masturbation be useful before a sexual intercourse?
Can masturbation have negative effects on sports performance?
Can masturbation reduce the risk of prostate cancer?

Sexual intercourses Which are the safest contraceptive methods?
199 (41.9) The oral sex cause oral cancer?

Can anal sex be risky?
What is the right age for the first sexual intercourse?

Drugs for sex Are there effective drugs to treat premature ejaculation?
  53 (11.2) At what age can you use phosphodiesterase inhibitors?1

Are there drugs to help penis growth?
Are web products, to improve sexual performance, effective and safe?

Sexually transmitted diseases HIV Is HIV treatable?
242 (20.4)   95 (39.3) Is a single sexual intercourse, with an HIV positive subject, enough to acquire the infection?

Is HIV transmissible through masturbation?
Why there is no cure for HIV?

HPV Is HPV a virus that can also affect men?
  79 (32.6) How is HPV transmitted?

Is it possible, and how, heal from HPV infection?
Generic questions Is the birth control pill effective against STD?

  68 (28.1) Is sexual intercourse the only way of transmission of STD?
What should you do in case of STD?
Can those who have never had sexual intercourse have a STD?

Andrological health and fertility Varicocele How can I know if I have a varicocele?
216 (18.2)   91 (42.1) Which are the effects of varicocele?

Is always necessary to operate in case of varicocele?
After the operation, may varicocele recur?

Testicular tumours Which are the symptoms of testicular cancer?
  80 (37.1) Is it possible to prevent testicular cancer?

Is it possible to heal from testicular cancer?
Does testicular cancer always cause infertility?

Generic questions Does andropause exist? What age? 
  45 (20.8) Which are the consequences of testicular trauma?

Is short frenulum dangerous?
Can you return fertile after vasectomy?

Lifestyle Can illicit drugs and alcohol interfere with sexual health?
142 (12) Does physical activity improve andrological health?

Is the use of androgens helpful or harmful to the andrological health?
Generic questions Can virginity be established for a man?
109 (9.2) Can web pornography cause addiction?

Has the partner a role in sexual desire?
To keep your cell phone in your pocket can damage fertility and or sexuality?
How can an issue of sexual orientation be addressed?

1Students did not know the active ingredient of these drugs and, in the questions, they used the most famous trade names. HIV: Human immunodeficiency 
virus; STD: Sexually transmitted disease; HPV: Human papillomavirus virus.

Foresta C et al . Andrological education in adolescents



concerns voiced by the participants arise from actual vol-
untary practice, considering the growing proportion of  
adolescents engaged in oral and anal sex practices[14].

Sexually transmitted diseases
In our opinion, what should be worrisome is the lack 
of  interest and concern displayed by the participants in 
STDs. In fact, the questions show that adolescents are 
poorly informed about the transmission pathways, con-
sequences, and possible treatments for infections, and 
at the same time, they do not seem to give considerable 
thought to these issues. This observation is in agreement 
with the data collected by other authors who have high-
lighted the need for effective interventions to reduce ado-
lescent STD infection[15]. Moreover, STDs also represent 

tion, denoting ignorance in this respect and highlighting 
widespread beliefs in popular myths. In fact, many young 
males are not aware of  the fact that masturbation is inte-
gral to normal sexual development and that it represents 
a dynamic process during adolescence, and only compul-
sive masturbation should be considered a problem[11,12]. 
The other issue of  great interest was, unsurprisingly, 
sexual intercourse. Interestingly, the main concern in this 
regard, was in contraceptives and methods for optimal 
performance, as well as about oral and anal sex while 
the risk of  sexually transmitted disease (STD) did not 
seem to be prominent. Although previous studies have 
highlighted that there are a number of  different pathways 
that may lead to either voluntary or involuntary adult 
sexual inexperience[13], it is more likely that many of  the 

549 October 16, 2014|Volume 2|Issue 10|WJCC|www.wjgnet.com

Table 2  Answers to the most frequent questions of young Italian men

Sexuality and sexual activity Yes, masturbation is normal
Masturbation doesn’t cause damage to the penis and/or to the body
There is no evidence that masturbation is useful before sexual intercourse
There is no evidence that masturbation has negative effects on sports performance
It has not been demonstrated that masturbation reduces the risk of prostate cancer
The safest considered contraceptives are condoms, the contraceptive pill and intrauterine devices
The risk of cancer caused by oral sex is related to the transmission of HPV
Anal sex can be risky due to the transmission of STD
There isn’t a “right age” for the first sexual intercourse because everyone reaches maturity at different ages
There are effective drugs to treat premature ejaculation, but not all cases require drug treatment
The clinic, not the age determine the use of phosphodiesterase inhibitors
Drugs are useful for the growth of the genitals only in the case of some diseases (e.g., certain hormone deficiencies)
Is not safe, and often even effective, to rely on the web to improve sexual performance

Sexually transmitted diseases HIV is treatable but not curable 
Even a single sexual intercourse, with an HIV positive subject, is enough to acquire the infection
HIV is transmissible through masturbation only if the biological produced fluids come into contact with wounds
The complexity of the virus causes the current treatment options to treat but not to heal from infection by HIV
Yes, HPV can also affect men
HPV is transmitted through all forms of sexual activity
It is possible heal from HPV infection reducing risk factors (smoking, unprotected sex, low hygiene...)
The birth control pill is absolutely not effective against STDs
Sexual intercourse is not the only way of transmission of STD
In case of STDs the first thing to do is consult a doctor as soon as possible
STDs can also be present in people who have not had sex but have been in contact in other ways (e.g., transfusions 
with infected blood)

Andrological health and fertility A varicocele can be diagnosed by clinical examination or ultrasound
A varicocele may be asymptomatic, present with scrotal symptoms or pains, and in some cases worse 
spermatogenesis and testicular function
It is not always necessary to operate in the presence of a varicocele
In some cases, after operation, varicocele may recur
Symptoms of testicular cancer: presence of a mass, change in size, change in texture, scrotal and/or inguinal pain, 
scrotal weight feeling
It is necessary to prevent testicular cancer
Yes, it is possible to heal from testicular cancer
If early treated, testicular cancer not always cause infertility
There is no well-defined andropause but fertility and sexual potency decrease with age
Severe testicular trauma may have consequences on testicular function and fertility
A short frenulum is not dangerous and it is easily solved
Regaining fertility after vasectomy is sometimes possible but difficult

Lifestyle It is well established that drugs and alcohol negatively interfere with sexual health
Physical activity is necessary to maintain and improve andrological health
If not necessary, the use of androgens is harmful to the andrological health

Generic questions Male virginity can not be established 
Yes, web pornography can cause addiction
Yes, also the partner plays a very important role in sexual desire
To date there are conflicting data on the role of cell phone on fertility and or sexuality
It is good to deal with issues relating to sexual orientation with trained and professional doctors 
and psychologists 

HIV: Human immunodeficiency virus; STD: Sexually transmitted disease; HPV: Human papillomavirus virus.
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the most significant modifiable risk factors for this age 
group with regard to fertility[16]. This topic does not seem 
to be a priority for adolescents, but this may only be the 
consequence of  a lack of  sexual health education and not 
of  indifference toward these issues. 

Andrological health and fertility
STDs do not seem to be of  great interest, but when 
made aware of  these issues, students expressed the will to 
learn more both in terms of  the most common diseases 
and of  those they are more afraid of, such as varicoceles 
and testicular tumors. A varicocele is one of  the most 
common pathologies but despite numerous studies con-
cerning its evaluation and treatment, uncertainties remain. 
Both overtreatment and undertreatment are particularly 
costly. Expensive ultrasound, office visits and surgery 
must be avoided in those who do not need these treat-
ments, while a careful follow-up and eventual interven-
tion must be guaranteed to subjects who may be in need 
of  them[17]. Another disease of  great interest to students 
is testicular cancer, which represents the most common 
malignancy in young men, with the highest incidence 
among men in Nordic countries. Known risk factors are 
cryptorchidism, a previous history of  testicular cancer 
and a family history of  testicular cancer, and early detec-
tion and appropriate treatment are the only methods to 
decrease mortality[18,19]. In fact, if  adequately treated and 
followed up it represents the most curable solid tumour 
and survival rate exceeds 90% in young males[20]. Unfor-
tunately, the majority of  young males is not aware of  this 
information, which is critical for successful health pre-
vention. Therefore, this survey, in accordance with data 
collected by other authors, underscores the continued 
need for comprehensive sexual and reproductive health 
education for adolescents and young adults[21].

Lifestyle
A widespread social problem all over the world is the use 
and abuse of  alcohol and illicit drugs[22]. This represents 
the main topic of  lifestyle in which young people are 
involved and on which they focus their interest, and pre-
vention and treatment efforts would benefit from more 
careful attention in preventive health programs. Another 
matter to consider is physical activity during adolescence. 
The long-term benefits of  habitual physical activity are 
recognized[23], but it is necessary to inform adolescents 
about the risks of  using doping substances, particularly 
considering the increased consumption of  such substanc-
es by young people who practice sport[24,25]. 

Generic questions
In the last cluster, we collected less frequent but perhaps 
more topical and current questions asked by the partici-
pants. In addition to the issue about the possible negative 
effects of  the use of  mobile phones on fertility, questions 
asked by participants were commonly questions to which 
there are conflicting answers[26], and questions on topics 
of  interest concerning web pornography and sexual ori-
entation. Web pornography is a phenomenon of  such in-

creasing interest as to be defined by some authors as the 
new sexual revolution[27]. To date, a number of  studies 
have highlighted the reasons why web pornography has 
such widespread use, and considered the characteristics 
of  this new form of  sexuality[28,29]. However, no one has 
yet taken into account the possible negative effects of  the 
use or abuse of  web pornography in terms of  an increase 
or decrease in interest in real sexuality and in real sexual 
intercourse. Sexual orientation represents a difficult topic 
for adolescents to bring up, particularly because of  the 
family and social context in Italy. It is demonstrated that 
homosexual young people face different developmen-
tal challenges during adolescence than those faced by 
heterosexual youths or individuals who recognize their 
homosexual orientation later in life[30]. Though sexuality 
has acquired new dimensions in many countries including 
Italy, religions and cultures consider sexuality almost ex-
clusively as focused on reproduction[31]. Hence, there ex-
ists a difficulty for young people to deal with the issue of  
sexual orientation and therefore, the necessity to provide 
an adequate and qualified service for information and as-
sistance. In conclusion, this study highlights not only that 
young people are very interested in general health issues, 
but also that they have very specific needs and interests 
on sexual health and sexual health information. In our 
opinion, public education campaigns such as Androlife 
should be increased in number and frequency and im-
proved on the basis of  the view of  young participants. 
Sexual and reproductive health education and promotion 
for adolescents and young adults represents the basis 
both for wellness and for fertility preservation. Finally, 
the benefits of  increased support for educational cam-
paigns would be apparent not only in terms of  individual 
health but also in terms of  a reduction in public spending 
costs.
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of report was operationalized to a logical expression.

RESULTS: Thirty-seven out of 199 articles were evalu-
ated via  full-text review. Only one article reported all 
four entities. Eight articles reported at the maximum 3 
comparable entities. However, comparability is impeded 
because of the usage of absolute or relative frequency, 
mean or median values as well as grouping. Further-
more the methods of assessment were different or not 
described sufficiently. Consequently, established sum 
scores turned out to be highly questionable, too. The 
amount of missing data within all studies remained un-
clear. It is even so remissed to mention supernumerary 
and aplased teeth as well as the count of third molars.
 
CONCLUSION: Data about dental findings from ra-
diographs is, if at all possible, only comparable with 
serious limitations. A standardization of both, assessing 
and reporting entities of dental status from radiographs 
is missing and has to be established within a report 
guideline. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Research design; Guideline; Dental radiog-
raphy; Epidemiology; Public health; EQUATOR

Core tip: Full mouth dental radiographs are in world-
wide daily use and contain various informations about 
dental and oral health of adult patients. This is why it 
is often used for epidemiologic research or to augment 
clinical data. But, when reported, data is presented in 
multifarious ways. Thus no or only little comparison 
of research outcome is possible. Existing standards of 
evaluation and reporting should be fixed in a report-
ing guideline regarding: number of teeth and implants; 
caries, fillings and restorations; root-canal fillings and 
apical health; alveolar bone level. Application of sum 
scores turned out to be very questionable.
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Abstract
AIM: To identify standards, how entities of dental 
status are assessed and reported from full-arch radio-
graphs of adults. 

METHODS: A PubMed (Medline) search was per-
formed in November 2011. Literature had to report at 
least one out of four defined entities using radiographs: 
number of teeth or implants; caries, fillings or restora-
tions; root-canal fillings and apical health; alveolar bone 
level. Cohorts included to the study had to be of adult 
age. Methods of radiographic assessment were noted 
and checked for the later mode of report in text, tables 
or diagrams. For comparability, the encountered mode 
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INTRODUCTION
Beside diagnosis support, X-rays are an established 
method to follow up treatments with surrogate charac-
teristics, such as: bone loss in implantology, periodontol-
ogy and maxillo-facial surgery, or apical flare up and loss 
of  teeth in endodontology, or caries prevalence in opera-
tive dentistry.

Moreover, it is used for assessment of  skeletal 
changes focussing orthodontic or temporo-mandibular-
disorders. It is even possible to find approaches of  foren-
sic medicine, i.e., for non-invasive age determination via 
orthopantomograms.

The quality of  panoramic radiographs has enhanced 
during the last years. Namely their sensitivity and specifity 
to diagnose findings, as mentioned before, is considered 
to be satisfying. Problems of  underestimation are dis-
cussed commonly. Nevertheless, determining oral health 
by radiographic presentable dimensions of  the dental 
status is possible. That is why panoramic radiographs are 
often used for epidemiologic and retrospective analysis 
of  dental status and oral health respectively. Recently, 
a review subsumed the competence and application of  
panoramic radiographs for epidemiologic studies of  
oral health[1]. However, it remains uncertain, whether 
standards are established to report radiographic findings 
which describe dental status or oral health data in general. 
No results, neither in Pubmed/Medline, EQUATOR-
Network (www.equator-network.com) or Cochrane Li-
brary could be identified searching a relevant guideline. 
Therefore, this systematic review was launched, to find 
out, which approaches are commonly used, to assess and 
report the entities: decay, missing, restorative, endodontic 
and periodontal status as surrogate dimensions of  oral 
health (Table 1).

MATERIALS AND METHODS
Search and identification/inclusion and exclusion
A Medline/PubMed search was performed for articles 
reporting findings from full arch radiographs, focused 
on oral health and dental status of  adults. This search 
was conducted in November 2011. No time limit was 
set. Panoramic X-ray or a full-mouth radiographic survey 
with periapical radiographs of  all remaining teeth were 
definied as “Full arch radiograph”. In the following, the 
term “radiograph” will be only used in this sense. 

To find and include such papers the following search-
string was constructed stepwise and applied finally as: 
(“radiographic study” or “panoramic”) and (“oral health” 
or “dental status” or “dental health” or “dentition”) not 
(children OR review OR edentulous)

The following inclusion and exclusion criteria were 
set for a full text review of  findings: All peer-reviewed 
reports with dental findings obtained from full arch ra-
diographs are included, even if  there had been additional 
clinical examination or patient chart reviews. These re-
ports had to focus on at least one surrogate of  “dental 
status” or “oral health” (Table 1), whereas reports han-
dling edentulous or partially edentulous patients were 
disregarded. 

Only articles written in English were included. Stud-
ied cohorts had to be of  adult age, respectively the mean 
age had to be at least 18 years. 

If  it was not determinable in the abstract, which kind 
of  radiography was applied or which variables of  dental 
status were reported, the article was included to full-text 
review.

Excluded was all literature handling radiometric issues 
only [i.e., bone density, cephalometric angles of  jaw and 
joint, subjected to soft-tissues (carotis, lymphal-nodes)] 
or focusing on specific teeth/tooth types only (such as 
caries in third molars) as well as anthropologic analysis. 
Articles were also excluded, if  they turned out to report 
on the basis of  bitewing radiographs or specific single 
radiographs to fulfill their objective.

Definition of variables of interest
Every previously included paper was reviewed towards 
the report of  at least one out of  the following eight 
variables (Ⅰa-Ⅳ), which reflect the surrogates listed in 
Table 1. If  inclusion was validated, information about: (1) 
Bibliography and focus of  study; (2) Number of  patients 
studied and country of  origin; (3) Number and kind of  
radiographs studied was noted first. Then the materials 
and method section (MMS) and results were checked for 
the following 8 variables of  interest: Ⅰa: remaining/miss-
ing teeth (also included in DMFT/S); Ⅰb: implants or 
implant-loss; Ⅱa: fillings (also included in DMFT/S); Ⅱ
b: decay/caries (also included in DMFT/S); Ⅱc: restora-
tions (i.e., crowns); Ⅲa: root canal treatment; Ⅲb: apical 
status; Ⅳ: alveolar bone level on teeth or implants.

These variables were recorded by their mode of  re-
port. Further statistical analyses applied to these variables 
within the articles were disregarded, due to the differ-
ent focus of  the studies. Regarding the application of  
these variables, it was noted if  additional arrangements, 
exclusion or inclusion criteria towards the report were 
mentioned by the authors. For example: how to handle 
the “third molars”, supernumerary teeth or teeth not de-
picted clearly on radiographs.

If  a variable was mentioned in the section “methods” 
but not reported, it was mentioned not reported “(NR)”. 
If  a variable was not mentioned within the method sec-
tion, it was noted as not defined “(ND)”. Furthermore it 
was recorded, if  the authors applied a special method of  
evaluation and how it was described or whom they cited. 
A “?” was assigned to indicate an assumption by the 
reviewers throughout the data, whenever there was no 
clear statement within the context of  the article. For lon-
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gitudinal studies, the different comparisons between the 
dates of  results were not considered, as far as no other 
way of  report was applied. Information about removable 
dentures had been neglected, because these are generally 
not allowed to be seen on radiographs at all. If  results of  
a study or cohort were published twice, first, the longer 
observation period and, secondly, the higher impact fac-
tor in year of  publication gave favor for inclusion.

Operationalization of findings
The report of  variables Ⅰ to Ⅳ was reduced to a simple 
logic expression. Every expression, shown in Table 2, can 
be translated with the following “keys-words” and abbre-
viations: “ND” or “NR” indicates “not defined” or “not 
reported”.

“N” = “number”; “[]” = “of/in”; “()” = “expressed 
as”; “/” = “by presenting values”; “,” = “and”; “+” = 
“with”; “G” = “in group (s)”; “F” = frequency, “%” = 
percentage, “SD” = standard deviation, “Q” = quartiles, 
“rg” = range, “al” = “all patients/teeth/surfaces”, “tot” 
= “total”, “pat” = “patient(s)”, “grades” = “declared 
graduation or scaling of  measurements”, “FDP” = “fixed 
dental prosthesis”.

Variable Ⅰ refers to “r” = remaining, “m” = missing 
or “f ” = lost/failed teeth. Variables Ⅱ-Ⅳ always refer 
to affected patients, teeth, lesions, surfaces or sites. Fol-
lowing groups were standardized: age, gender, jaw, tooth-
type, age-group, grades (of  a previously defined classifi-
cation).

If  authors introduce special groupings (i.e., diseased/ 
healthy, baseline/follow-up and so on), it was abbreviated 
“spec” for “special”. This was mandatory due to the dif-
ferent outcome-variables of  the studies. 

For dental terms following abbreviations were used: 
“ABL” = “alveolar bone level/loss”, “apH” = “apical 
health”, “RCF” = “root canal filled”, “FDI” = “FDI-
tooth code”, “FDP” = “fixed dental prosthesis”. 

Two examples of  this operationalization: The fol-
lowing expression in the column “Ⅱb Caries/Decay”: 
“N[surface](mean, SD)[pat]/G[age, gender]” is translated 
to “The number of  carious surfaces is expressed as mean 
and standard deviation in a patient, by presenting values 
in groups of  age and gender”.

Another exemplary expression in the column “Ⅲa 
RCT” is “N[pat + teeth](F)” translated to “Number of  
patients with affected teeth is expressed as frequency”.

Subsumption
All included papers were ordered according to their 
objective. Bibliography as well as number and origin of  
patients were described by frequency distributions. To 
discuss the consistency, the findings were subsumed for 
all papers towards each entity of  interest. Therefore cited 
methods of  radiographic evaluation were full-text re-
viewed, as far as these were written in English or German 
and obtainable via library services.

RESULTS
Following Figure 1, thirty-seven studies were evaluated 
and can be found in Table 2.

The years of  publication of  all results are shown in 
Figure 2. In whole 27447 (median = 191) X-rays have 
been evaluated and reported within 37 studies including 
27772 (median = 215) patients. Figure 3 shows the shares 
of  patients towards their origin. Ninety-four percent of  
the patients studied were from United States and Europe. 

For nine journals no Impact Factor (IF) was noted 
at Journal Citation Report (JCR) of  “Web of  Knowledge” 
(www.webofknowledge.com). The 5-year IF in 2010 of  
all JCR-listed and evaluated journals was median = 2.23, 
range: 0.89-6.39, SD = 1.16. So the included articles rep-
resent an extract of  high ranked journals, regarding an 
average IF of  about 1.3 (median = 1.2, mean = 1.5) for 

554 October 16, 2014|Volume 2|Issue 10|WJCC|www.wjgnet.com

Table 1  Entities of dental status and their surrogates in oral health: Left column notes the entities of dental status, which can be 
assessed from a full-arch radiograph

Focused entities Subject of clinical dentistry Surrogate of oral health

Alveolar bone loss, furcation and 
vertical bony defects 

Periodontology, implantology Periodontitis/inflammation, risk of tooth loss

Fillings/inlays Operative dentistry Oral hygiene, caries, decay, risk for massive fillings/partial crowns
Massive filling/partial crown Operative dentistry, prosthodontics Risk of root canal treatment, risk for crown-treatment
Crowns and fixed dental prosthesis/
pontics

Prosthodontics, periodontology Massive decay (even of healthy teeth), risen risk for caries and 
endodontic problems, risk for bone loss and fracture (missing teeth), 
missing teeth

Root canal filling and root posts Operative dentistry, endodontology, 
prosthodontics

High number of life events of intervention, risk of tooth loss by fracture/
inflammation, need for crown

Apical lesion Endodontology, oral surgery High risk of tooth loss, poor root canal treatment, inflammation
Missing teeth Prosthodontics, implantology High number of life events of interventions, former inflammations, 

trauma, hypodontia, malocclussion
Implants Periodontology, prosthodontics Missing teeth, higher risk for inflammation (periimplantitis), occlusal 

rehabilitation
Edentoulism Prosthodontics, oral surgery High number of life events, no further risk of odontogenic inflammation 

(caries, periodontitis, apical lesions)

Their possible relation as a surrogate of oral health is shown in the right column. The involved subjects of Dental Medicine are noted in the middle column. 
Reading the table from top to down, it has to be considered, that surrogates include content of cells above.

Huettig F et al . Reporting of dental status from radiographs
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< 5, > 5 defective teeth”[5], “0, 1-2, ≥ 3 carious lesions”[19]. 
Restorations were reported six times[9,10,16,24-26], but 2 articles 
did insufficiently[10,27]. Within three out of  seven articles 
restorations, fillings and decay were merged[5,11,15].

Root canal fillings and apical health
Identification of  root canal filled teeth was taken for 
granted in 15 out of  the 18 papers. Within 3 papers it 
was clarified in more detail within the MMS as “ongoing 
or completed root canal treatment, …, pulp amputa-
tion”, “teeth with pulp amputation, endodontic fillings, 
or both”[3,6,21]. One article merged root canal fillings and 
apical health[28].

Seventeen further articles focused on apical health. 
The periapical index (PAI) by Orstavik et al[29] was used 
for diagnosis of  periapical health by only three authors, 
who regarded the PAI-scores 3-5 as positive finding[3,28,30]. 

For Peltola et al[31] “A radiolucency measuring > 2 mm 
in the apical bone was considered to be an apical rarefac-

tion”. Nalçaci et al[26] cited Soikkonen et al[32] method: “A 
periapical lesion, interpreted as apical periodontitis, was 
recorded if  there was a clearly discernible local widening 
of  the apical periodontal membrane space”. But, this ap-
proach is not described within this referred citation (han-
dling edentulous patients at all). Hakeberg et al[33] divided 
“Periradicular destructions … into three different classes 
according to size; 1 = pathologically altered lamina dura 
and radiolucency less than 2 mm, 2 = radiolucency of  
2-10 mm, 3 = radiolucency > 10 mm”[33], and set grade 
2 as cut-off  for affection. The earliest grading found was 
in Lilly et al[8] 1967: “less than 5 mm and 5-10 mm apical 
translucency”[8].

The remaining five articles only mentioned to evalu-
ate “apical radiolucencies”[17], “periapical lesions”[5], with-
out further criteria or mentioning additions like: “radicular 
cysts as well as sclerotic periapical lesions indicating con-
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PubMed search in November 2011 using string:
("radiographic study" OR "panoramic") AND ("oral health" OR "dental status" 
OR "dental health" OR "dentition") NOT (children OR review OR edentulous)

199 results

144 excluded 55 full text review

15 excluded 37 evaluated
Focuse or age (84) Language (38) Case-report (22) Not available (4)

Dental status not
described by one
of the 4 entities (11)

Age, focus (1)

Duplicate (2)

No report from X-ray (1)

Figure 1  Flow chart of review strategy and finally evaluated articles: The flow chart shows the systematic exclusion of search results towards the finally 
evaluated studies. The primary reasons for exclusion are mentioned including the number of concerned articles.
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Figure 2  Distribution of included and excluded articles: Distribution of 
the 37 evaluated (green) and 159 excluded (red) studies of the search re-
sults ordered by their date of publication. Shaded fractions represent the 4 
articles which were not available as full text version. 

1.4% Finland (9)

0.1% Denmark
0.8% The Netherlands

0.4% Italy
0.7% Turkey
0.2% Egypt

0.7% Japan

62.0% 
United States (7)

Norway (3)
8.1%

Sweden (7)

10.3%

Germany (3)

10.3%

5.2%

Hong Kong (2)

Figure 3  Shares of patients in the 37 evaluated studies with respect to the 
country of origin: The number of contributing studies is noted in brackets 
behind the country. Preponderance of United States is due to two reports of 
“mass X-ray evaluation” in the years 1977 and 1982. If these two are left out of 
consideration the median value of studied subjects in a paper is 212 (mean = 
485).
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densing osteitis”[6,21], or “sign of  osteolysis”[12].

Alveolar bone level 
The most various methods in assessment and reporting 
were found for alveolar bone level. 

Metric measurements were used by five authors[6,7,17,21,33]. 
In addition to this following groupings were found: “≥ 6 
mm, ≥ 4 mm”[17], “> 1-3 mm, > 3-6 mm, > 6 mm”[6], “< 
2 mm, 2-4 mm, > 4 mm”[33]. “< 4 mm = moderate peri-
odontitis, > 4 mm = severe periodontits”[7].

To relativize metric measures the following formula 
for alveolar bone loss is used: “total bone height divided 
by total root length [the distance from the radiographic 
apex to the cemento-enamel junction (CEJ)] multiplied 
by 100.”, and applied i.e., by Tabrizi et al[11]. 

Rosenquist[5,12] decided to use a modified criterion of  
Lindhe[34]: “< 1/3 of  the root length, > 1/3 of  the root 
length, and horizontal loss supporting tissues, > 1/3 of  
the root length, angular bony defects and/or furcation 
involvement” which is similar to Nyman et al[35] cited by 
Tabrizi et al[11]. Two authors used a relative root length, 
but went for an overall approach and added a criterion 
for “diseased” via their amount of  findings: “≥ 30% of  
the sites with ≥ 1/3 bone loss”[36] and “including one or 
more teeth”[37].

Semiquantitative approaches were found specified: 
“classified as extension to: (1) to the coronal third of  the 
root; (2) the middle third of  the root; and (3) the apical 
third of  the root”[18,21]. Graduations apart from thirds 
exist also: i.e., as an ordinal scale with five grades: “0%, 
1%-24%, 25%-49%, 50%-74%, or ≥ 75%”[38] or with 
only one cut-off  point as: “one-fourth or more of  the 
normal bone height”[37].

A direct measurement of  ABL-percentages was de-
veloped by Schei et al[39] and used by only one author[38]. 

For two authors “A healthy horizontal bone level was 
considered to be 2 mm”[21,31]. Huumonen et al[3] graded 
into “(1) No bone loss, bone level within 2-3 mm of  the 
cemento-enamel junction area; (2) Slight bone loss, bone 
level at the cervical third of  theroots; and (3) Moderate to 
advanced bone loss, bone level between the middle third 
of  the roots at or beyond the apex”[3]. Slightly different 
graduation-starting out the same with level 0-Nalçaci et 
al[26] continues: “(1) Moderate bone loss, bone level at 
the middle third of  the roots; (2) Advanced bone loss, 
bone level at the apical third of  the roots; and (3) Severe 
bone loss, bone level at or beyond the apex”, but did not 
mentioned a cut-off. So it remains unclear (ND) what the 
reported “horizontal bone loss” is intended to be.

In three cases the results were presented with previously 
not defined expressions like “periodontal problem”[18] or 
undefined graduations like “Slight marginal bone loss … 
and vertical bone loss”[19]. The definition lacks what ex-
actly is supposed to mean “affected” in this context. Like-
wise less helpful is a more historical graduation we came 
over: “If  considerable bone loss was seen, this was called 
‘gross periodontal disease’. If  there was pronounced ‘ar-
clike’ bone loss limited to the molar and incisor regions, 

this was designated as periodontosis”[25].
One methodical article on forensics was coping with 

the calculation of  DMFT and DFT-Index. They stated 
within their material and method section to grade ABL 
of  2nd premolars towards the criteria “0, less than half  of  
first third, up to third of  root, more than a third”. But 
the findings were not reported at all[14]. 

DISCUSSION
The diversity of  assessments and report modes is found 
to be alarming. The applied search strategy covers only a 
small, but high-ranked, sample of  articles handling radio-
graphic findings. It has to be assumed, that diagnosis and 
report of  the entities studied here are not standardized at 
all, as it is for clinical dental status, namely the DMFT-, 
CPITN-, PI-, or BOP-Index for example. 

In the following, each above mentioned and studied 
entity is discussed critically towards assessment and re-
port. Further consequences are subsumed.

Number of teeth and implants
The method to identify teeth from a radiograph is quite 
simple. Not so the communication of  amounts and values. 

Commonly, every time when the descriptive level of  
absolute frequencies (i.e., number of  affected patients) is 
not used, the calculation has to be relative to a standard-
ized data-set (i.e., all patients studied, all patients with 
root canal treatment). It gets even more complicated, 
if  the complete dentition is handled as an entity: When 
median-or mean values are used, the calculation base has 
to be clear. For the first: including the third molars to the 
calculation, or not? For the second: how to handle miss-
ing or supernumerary teeth? For the third: are edentulous 
patients excluded[17,40], or included to the calculation-or 
have there been other selection criteria like “at least 15 
remaining own teeth”[9]? 

Unfortunately this was not clear for 9 out of  the 37 
studied papers. Twenty-three included, 4 excluded, the 
third molars for evaluation. Two articles presented both 
approaches. Due to the variety of  third molars dental 
history (retention, extraction) it make sense-similar to 
DMFT Index-to exclude these, if  these are not primary 
focus of  a study. Please follow the subheading “report of  
values” below, where more inherent details are addressed.

Against the backdrop of  costly dental implants as a 
routine therapy after about 40 years now, their presence 
in oral status should be reported. Their number can give 
not only important dental input, but also ideas towards 
the financial background of  an individual patient, a 
group, a whole cohort or even the social system. 

Carious lesions, fillings and restorations
The detection of  carious lesions within radiographs is 
discussed and researched by operative dentistry, foremost. 
Searching “detecting caries and X-ray” via Pubmed/Med-
line results around 100 findings. The definitions used by 
the authors studied herein are inconsistent. This is why 
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a clear statement which definition can be used as a gold 
standard to assess a tooth as affected by caries, would be 
favorable. We found the approach of  Pelton and Bethart 
the most reproducible[20]. 

As fillings are made from radiopaque resin, cement, 
compomer, or metal, these can be easily seen on radio-
graphs. If  a restoration material is only slightly radiopaque, 
like silicate ceramic, the used adhesive composite or luting 
cements is clearly visible. However, the size of  restora-
tions can only be guessed, due to the 2-dimensional pro-
jection. But, the amount of  decay could be derived from 
the ratio of  filling and remaining coronal tooth substance.

These remarks are valid for fixed restorations (crowns, 
pontics) too. For all of  these 3 findings, the mode of  re-
port as a comparable number and the report of  missing 
values has to be standardized.

Root canal fillings
Root canal fillings can be recognized just as easily as a 
tooth or restoration itself  can be, because radiopaque 
materials are used around the world very commonly. Two 
authors judged the quality of  root canal fillings[3,30]. If  the 
quality or length of  root canal fillings should be regarded 
or not, remains to be discussed by endodontologist. 
Works about the potential already exist[41]. Furthermore 
the existence of  root canal posts has to be taken into ac-
count. Some of  these are either not radiolucent (Fiber-
posts) or radiopaque and due to their form not possible 
to distinct from a perfect root canal filling. 

Regarding the reporting mode as frequency or per-
centage is same as discussed for missing/remaining teeth. 
Furthermore reporting authors should care about the 
problem that the number of  teeth is easier to compare 
than the number of  roots or even root canals. Moreover 
the values of  root canal treatments should be reported 
separately from apical affection(s) of  a tooth or root. 

Apical health 
Beside the controversy of  detection capability with peri-
apical and panoramic radiographs (augmented with the 
problem: digital vs analog), the key point is to diagnose 
the affection in awareness of  healthy variations-without 
a clinical examination. This is analog to the detection 
of  caries. The method of  the PAI by Orstavik et al[29] is 
a good example for standardization and should be used 
more often. This 5-grade assessment tool is based on 
standardized pictures. It might be most reliable if  used 
with a cut-off  at Grade 3. 

Confusing is the usage of  “lesion” or “finding” in 
contrast to “affected tooth”, because i.e., a lower first mo-
lar may have 2 apical or carious lesions (mesial and distal), 
but is only 1 affected tooth. As for the above-mentioned 
root-canal fillings, at this point of  time no consensus 
could be found. But, we found one possibility for clari-
fication: “For multi-rooted teeth, the root presenting the 
highest PAI-score and the quality of  the corresponding 
root filling was used”[30].

Alveolar bone loss
The “radiographic alveolar bone loss” is one classical 

research dimension of  periodontology and implantol-
ogy. Thereby it has been of  interest for ages-expressed 
in hundreds of  publications. Thus radiographic assess-
ment of  this entity is just as many-faceted. Two general 
approaches could be identified: metric measuring and 
proportions of  bone height towards root length. The lat-
ter might be the better choice due to the variety of  root 
length by anatomy and radiographic projection. More-
over, approaches including the age dependence of  bone 
loss are described[42]. 

Beside bone level, furcation and vertical defects might 
be taken into account, too. The authors do not want to 
judge, which way is the best. But, even if  a standard can 
be found in the future, also the cut off  values for healthy 
and affected shall be defined by the authorities (see caption 
“grading and cut-offs”). Until then, the authors find the 
relative approach coping with the “first third of  the root”, 
described by Nyman et al[35], the most reliable. 

Missing values/misinterpretation
Depiction problems of  X-rays may lead to missing val-
ues, because it is not always possible to state a finding (i.e., 
the vertical alveolar bone height by overlapped projection 
of  two teeth, carious lesion at a filling by a “burn out” 
artifact). Only 5 papers mentioned depiction problems 
right in their material and methods section as follows: “If  
the image of  the permanent teeth was blurred, supple-
mentary digital intraoral radiographs were taken of  these 
teeth”[28], “For areas poorly visible in the panoramic 
radiograph, intraoral radiographs were made”[6,26,37], “A 
tooth was judged as non-measurable if  the CEJ or bone 
crest could not be identified properly because of  overlap-
ping caries or restorations. In cases where any one of  the 
dental or bony landmarks could not be identified on one 
aspect (mesial or distal), the tooth was excluded”[11]. Pro-
jection artifacts may also lead to misinterpretation, which 
is mostly ruled out by the use of  2 examiners and/or reli-
ability assurance. Such problems were solved differently: 
“In case of  disagreement between the observers, their 
mean is used in the calculation”[43].

“Only panoramic radiographs that displayed the 
whole dentition without asymmetry, distortion or error 
in patient positioning were included”[2], “The radiographs 
were assessed twice, the first time by each dentist sepa-
rately and next time by all in cooperation”[10].

One article announced within materials and method 
section: “Missing values were registered with suitable so-
called ‘missing values”[9], but-it was true for all articles 
above mentioned, these values were not reported. 

One of  the articles revealed depiction problems while 
studying the X-rays and stated: “A total of  54 teeth, most 
often maxillary pre-molars, were excluded”[11].

Discussions about sensitivity and specifity of  pan-
oramic radiographs were only anecdotal, not concrete. 
Montebugnoli et al[44] dropped an important sentence, 
which was unfortunately not discussed further or towards 
their findings: “Other factors that could affect the out-
comes include differences in the way of  measuring … 
dental status (the measures used to assess the oral status 
seem to be related to the strength and significance of  the 
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associations reported)”[44].
Beside this, Langland et al[16] mentioned within their 

comparative study in 1980: “Discrepancies in the percent-
ages of  periodontal disease may be attributed to variance 
in the classification of  each disease entity each year ….”[16] 
and also Grover et al[7] did so in 1982: “Several discrepan-
cies in findings … explained by variance … in diagnostic 
methods”. One author explicitly complained about the 
absence of  guidelines and stated: “We found it difficult 
to clearly define what a short root was and how to define 
early obliteration of  the pulp. There are no guidelines 
in the literature, which defined what is a short root, and 
what is obliteration. For that reason it was difficult to 
compare our data with earlier studies”[10].

In summary, it has to be pointed out again, that pan-
oramic radiographs can be regarded as sufficient diag-
nosis instrument. During the past 5 years digital imaging 
made great strides. But, sufficient comprehensive data 
about quality progress is not published yet. Nonetheless, 
the assessment of  dental findings within a radiograph 
is restricted by anatomical deviations of  oral structures, 
such as dislocation or rotation of  teeth. That implies 
missing data are common in radiographic based studies-
especially for alveolar bone loss, apical health and caries. 
The option of  an “indiscernible/unclear” criteria will 
reduce bias since firstly, no accidental attribution as “af-
fected” or “healthy” have to take place, secondly an idea 
about overall image quality is given.

Such missing values may be handled statistically, but 
have to be reported and how these were regarded in cal-
culation.

Report of values: Mean and median, absolute 
frequencies and percentages
The number of  remaining and missing teeth is reported 
most frequently (see caption “missing/remaining teeth 
and implants”). But even in this case, comparability is dif-
ficult due to the different modes of  reporting. 4 authors 
decided for the report of  median-number, 16 for mean, 
6 for absolute frequencies. The same utilization can be 
found across the other studied entities: caries, root-canal-
filled teeth, apical lesions and even alveolar bone level.

For the report of  frequencies the use of  median val-
ues can be assigned as the better choice due to its lower 
susceptibility towards extreme single values and the non-
normal distribution of  remaining and missing teeth in pa-
tients. To clarify the distribution of  data we recommend 
the report of  both: mean and medium value, augmented 
with SD, range and quartiles. 

Dichotomization, groups, grades and cut-offs
A grouping of  age, findings, measures are often necessary 
for further analyses, especially to calculate odd-ratios or 
only to compare such “self-made” groups. Grouping with 
a cut-off  allows additionally to report absolute and rela-
tive frequencies of  teeth or patients, instead of  mean or 
median values. Examples for the last mentioned would be 
“1-10 missing teeth” or “< 20 remaining teeth”. Especially 

the rationales behind the cut-offs points are questionable. 
Sometimes these are set following previous analysis of  the 
same sample, such as: “Each group comprised one-third 
of  the dentate subjects in the baseline study”[6], or “Each 
dental index was dichotomized at the mean value”[44]. It 
can also be empirical reasons as: “The cut-off  point (< 
45 and > 45 years) was selected in accordance with the in-
troduction of  a new social-security law”[21]. However, cut-
off  points for “healthy” and “diseased” varied, especially 
if  diagnosis of  alveolar bone height and apical lesions are 
dichotomized for analyses, graphic art and report.

With such intervention to data, these are not univer-
sally valid anymore. Further comparability is hindered, if  
the crude data are not available from the paper.

The DMFT and other sum scores
Three authors reported DMFT-values[11-13]. One team 
reported only the number of  patients (one time as per-
centage, one time as an absolute frequency) with a DMFT 
value of  zero[19,31]. The DMFT would be helpful for a com-
parison with existing epidemiological data, but it hinders 
to extract missing/remaining teeth if  only given as a sum 
score. If  not separated by the author, no more informa-
tion can be extracted from the DMFT; the DMFS is even 
worse. Furthermore alveolar bone level and apical health 
are not covered within this (exclusively) clinical index. 

Within our review other indices could be found: six 
authors cited Mattila et al[45]: “Association between dental 
health and acute myocardial infarction” and their sum 
score of  a “Total Dental Index” or “Pantomographic 
Index”[6,12,18,46]. This is also cited as panoramic tomogra-
phy score, which is “the sum of  radiolucent periapical 
lesions, third-degree caries lesions, vertical bone pockets, 
radiolucent lesions in furcation areas[47]” and was applied 
by Montebugnoli et al[44]. Even if  published and cited in 
high-ranked journals, we found this system neither com-
prehensible in development nor validated for multipur-
pose application. Its focus is both: infective oral lesions 
in a combination of  oral and radiographic evaluation as 
well as from radiographic assessment itself. Furthermore 
the description of  index does not contain either meth-
ods of  oral nor radiographic assessment for its entities. 
Despite of  this fact, the sum of  total dental index (TDI) 
can reach values “between zero and 10”[45]. Nevertheless, 
the scale of  this cited index varies between publication 
due to modification by the authors: “0-14”[48], “0-8”[49], 
“0-10”[18,50], 0-15[6]. Seppänen et al[18] used a classification 
of  the sum scores “good, moderate and poor” which 
was not established by Mattila et al[45] 1989 as cited in this 
very article. Montebugnoli et al[44] decided to dicromize 
“each dental index … at the mean value”. Buhlin et al[49] 
separated the index according to the statement “TDI of  
0 or 1 are considered to have good oral health and those 
with TDI 4-8 have poor”. Especially these inconstan-
cies left this tool highly questionable. However, further 
investigation is needed for a concluding evaluation of  
this approach. Beside, and discussed for the DMFT, a 
sum score-with such complexity of  terms-might not be 
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useful for report. Foremost because, the values of  each 
contained entity are not given to the reader and for future 
comparison.

Limitations of this report
This report is only based on articles indexed at PubMed/
Medline. The variety of  applied approaches was expected 
to grow if  further databases (i.e., EMBASE or MED-
PILOT) are searched. Although this might harden the 
presented conclusion, it would not rise the informative 
content of  this report. 

Detailed information about type of  X-ray and films 
used as well as acts of  calibration of  examiners was not 
included to this review. We took into account, that jour-
nal reviewers have already checked the applied interven-
tion and found these appropriate. Furthermore, the wide-
spread use of  dental radiographs implies standardization 
on a reasonable level and quality. Findings in adults were 
favored, due to the variety of  radiographic studies and 
dentition in children and adolescents. The variety of  the 
mixed dentition is in fact a problem of  standardization. 
The authors are aware that for every entity studied within 
this review, hundreds of  other articles exist and there 
might be even standards scientists agree on. But, this can 
only be figured out by further systematic reviews-one 
for each entity and a final harmonization in a reporting 
guideline. Such a general guideline would support the 
authors preparing their studies and manuscripts as well as 
the scientists to compare data.

Only one article covered all entities studied in this re-
view[26]. Nevertheless, all researches would have been en-
abled to report all these entities. Evidently it is often not 
of  interest to report about i.e., alveolar bone loss while 
presenting results about the prevalence of  apical lesions. 
Nonetheless, such data would contrast and illustrate find-
ings by thorough information about the studied cohort. 
More accompanied information could be conveyed about 
dental status of  studied subjects. Thus, comparability and 
multi-variate analyses would be simplified generally. The 
authors think it would be worthwhile to have an easy re-
porting system of  all entities. Today’s possibilities to pro-
vide such data digital via online publication would enable 
authors and publishers to share data without expensive 
printed pages. 

There are established but not generally accepted and 
enforced standards to assess and report findings from ra-
diographic surveys. Thereby comparability of  published 
findings is only possible with chief  limitations. There is 
need to agree on standardized assessment and diagnosis 
first, and about the mode of  report secondly. An easy 
and validated multi-term report-system of  dental status 
would allow a widespread application, especially for den-
tal public health and epidemiology. In consequence: there 
is need for a reporting guideline. 

COMMENTS
Background
Reporting standards are necessary to compare research outcomes especially 

in medical science. Full-mouth radiographic surveys allow information about the 
dental status. These are: number of teeth, caries, fillings/restorations, root canal 
treatments/filling, apical health and alveolar bone loss. But findings have to be 
evaluated and reported in such a way, that a comparison between published 
results is possible. There is no reporting guideline, yet. Which mode of report 
could be proper is neither finally discussed nor published. The paper shows 
shortcommings in current acquisition and presentation of data, hereinafter it 
recommends suitable methodical approaches.
Research frontiers
Dental radiology, epidemiology, research methodology in dentistry and medical 
statistics for oral health variables.
Innovations and breakthroughs
Only 8 out of 37 scientifically papers are at the maximum comparable towards 
3 out of 7 entities of dental status. Evaluation of radiographs differ is widely. 
Reporting with statistical tools like mean and median or grouping and dichoto-
mization did not allow further comparison, due to a lack of raw data. Also sum 
scores or indices like Decayed, Missing and Filled Teeth (DMFT) impede com-
parability of data. Thus no standard could be identified. Besides, missing values 
are underreported. 
Applications
A guideline of standards for evaluation, report and cut-off points is needed. So 
far it can be advised, that: (1) depicting problems and resulting missing values 
are reported; (2) it must be stated, if third molars are included or not when re-
porting the number of missing or remaining teeth; (3) implants should be taken 
into account; (4) sum scores are only present with crude data of the study. In 
case of DMFT the decayed teeth, missing teeth, filled teeth and decayed and 
filled teeth should be given separately, too; (5) apical health should be evalu-
ated with a validated tool preferably the Peri-Apical-Index; (6) alveolar bone 
loss should be evaluated and reported in exact percentage or “in thirds” (Lindhe) 
not in absolute millimeters; (7) all distributions of data are presented with mean 
and medium value, augmented with SD, range and quartiles; and (8) the reader 
is given the rational for grouping or a cut-off point if data is dichotomized.
Terminology
“Full-arch radiographs” are radiographs taken mostly in dental office and de-
picting all teeth (including the complete root) of a human dentition. Mostly a so 
called “panoramic radiograph” is taken; but also a survey with intraoral radio-
graphs can be applied. “Apical health” describes the situation around the tip of 
the tooth root inside the bone of the jaw. This area might be retreat for bacteria 
causing a painless infection, which is relevant for systemic health and inflam-
mation parameters. Such infections can be detected by radiographs. “Alveolar 
bone loss” describes the loss of jaw bone around teeth. The amout of lost bone 
correlates with the infection of tissues around teeth, which is a multifactorial 
disease promoted by bacteria. As seen in the radiograph the occurrence of a 
a so called “periodontitis” (inflammation of the gums) can be anticipated by the 
loss of bone. “DMFT” is the World Health Organization-standard to report a 
clinically assessed dental status. It is namely the sum of Decayed, Missing and 
Filled Teeth in a dentition. “Reporting guideline” is a standardization for scien-
tific reporting of findings. Today many such guideline exists in Medicine (www.
equator-network.com).
Peer review
It is a well organized and written paper.
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INTRODUCTION
Chemotherapeutic drugs have a wide range of  cardio-
toxic effects. Recently, there have been case reports of  
chemotherapy [namely 5-fluorouracil (5-FU)] induced 
Takotsubo cardiomyopathy (TC)[1-5]. However, to the best 
of  our knowledge, there has been no published literature 
on cytarabine and/or daunorubicin causing TC. In this 
report, we describe the case of  a 55-year-old Chinese 
male who developed TC while receiving dual chemother-
apy with cytarabine and daunorubicin for non M3 acute 
myeloid leukemia.

CASE REPORT
A 55-year-old male with past medical history of  diabetes 
mellitus (type Ⅱ) presented to our hospital with com-
plaints of  pleuritic chest pain with non-productive cough 
and fever (Tmax 101.2 °F) for 3 d. Chest X-ray showed 
right-sided lung infiltrates. Patient was admitted to the 
medical floor with the diagnosis of  community-acquired 
pneumonia and was started on moxifloxacin. The patient’
s blood work showed an incidental finding of  12% blast 
cells with a total white cell count of  9.9. Electrocardio-
gram performed on the day of  admission revealed sinus 
tachycardia with abnormal R wave progression. Echo-
cardiogram showed ejection fraction (EF) of  60%-65%, 
with normal chamber size and mild diastolic dysfunction. 
Three sets of  cardiac enzymes including cardiac Tro-
ponin I and creatine kinase-MB were negative. Patient 
was evaluated by the hematology and oncology team for 
the incidental finding of  blast cells on peripheral blood 
smear. The next day, as per the hematologist’s recom-
mendation, the patient underwent a bone marrow biopsy 
which showed the presence of  pro-myelocytes, suggestive 
of  M3 acute myeloid leukemia. The patient was started 
on All Trans-Retinoic Acid induction chemotherapy regi-
men. Prophylactic valacyclovir, omeprazole and intrave-
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nous (iv) fluids were also started. 
Two days after the initiation of  chemotherapy, flu-

orescent in situ hybridization results demonstrated a 
negative translocation of  chromosomes 15, 17, thus con-
firming the diagnosis of  non-M3. As a result, the chemo-
therapy regimen was changed to cytarabine 100 mg/m2 
and daunorubicin 60 mg/m2. On day 6 of  chemotherapy 
with cytarabine and daunorubicin, the patient began to 
experience non-radiating sub sternal chest pain associated 
with palpitations. Electrocardiogram obtained at that time 
showed sinus tachycardia of  170 bpm with ST segment 
elevation in leads I, aVL, V5, V6; consistent with antero-
lateral wall ST elevation myocardial infarction (STEMI). 
The patient was transferred to the cardiac intensive care 
unit (CCU) with a diagnosis of  STEMI. Cardiac enzymes 
were obtained which showed Cardiac Troponin I of  8.54 
upon initial transfer to the CCU, reaching a maximum of  
38.64 after 18 h (normal values 0-0.1 ng/mL). Given the 
patient’s immunocompromised state, cardiac catheteriza-
tion was deferred and he was managed medically with 
aspirin, clopidogrel, rosuvastatin, and aggressive iv hydra-
tion. Echocardiogram done on day 6 of  chemotherapy 
showed an EF of  30%-35% with segmental wall motion 
abnormalities: mild anterior, septal, apical, inferior and 
lateral wall hypokinesia, with normal diastolic function 
consistent with mid-left anterior descending artery oc-
clusion (Figure 1). On day 20 of  admission, patient 

underwent an elective cardiac angiogram, which showed 
non-obstructive coronary vasculature, mildly decreased 
left ventricular systolic function, EF of  50% with mild 
anterolateral and anterobasal hypokinesia (Figure 2).

DISCUSSION
This case report demonstrates a strong causal relation-
ship between chemotherapy and the development of  TC 
as evidenced in the patient’s presentation on day 6 of  
chemotherapy induction. Symptomatic recovery of  the 
patient after supportive medical management, with the 
concomitant discontinuation of  the chemotherapeutic 
agent, also strengthens this causal relationship. The pa-
tient’s repeat echocardiogram (performed 2 wk after dis-
continuation of  the chemotherapeutic agents) showed a 
complete recovery of  the EF with no wall motion abnor-
malities. In addition, a coronary angiogram demonstrated 
non-obstructed coronary vasculature. Given the patient’s 
clinical presentation and the diagnostic evidence obtained, 
there is no alternative justification for the clinical course 
observed other than Takotsubo cardiomyopathy. This is 
the first case report of  daunorubicin and/or cytarabine 
induced TC.

Most of  the literature on chemotherapy associated 
TC is published on the drug 5-FU, a widely used chemo-
therapeutic agent for solid tumors. One case report from 
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Figure 1  Echocardiogram showing ballooning of the apex with hyper contracted basal segment at end systole (A) end diastolic phase (B). 

Figure 2  Coronary angiogram showing clean coronaries with thrombolysis in myocardial infarction 3 blood flow left main and left anterior descending (A), 
left circumflex (B) and right coronary artery(C).
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Japan described daunorubicin-induced TC in a patient 
with refractory multiple myeloma[6]. However, to our 
knowledge, this is the first case report of  daunorubicin 
and/or cytarabine induced TC in the United States.

Chemotherapy induces increased sympathetic tone 
with resulting elevation of  cytokine, free radical, pros-
taglandin, catecholamine and growth factor levels. The 
excess of  these modulators can potentiate worsening 
adrenoreceptor sensitivity, and can contribute to the clini-
cal presentation of  TC [1-5]. Daunorubicin belongs to the 
anthracycline class of  chemotherapeutic agents, which re-
mains among the most active anti-cancer drugs for solid 
tumor and hematologic malignancies. The exact patho-
genic mechanisms responsible for the underlying cardio-
toxic effects of  anthracycline agents has yet to be eluci-
dated. The current postulated mechanism supports the 
role of  free radical induced cardiac damage (known to 
be caused by the excessive production of  hydrogen per-
oxide, hydroxyl radicals and reactive oxygen species)[6-10]. 
These free radicals promote lipid peroxidation which 
contributes to cell membrane damage, and thus results 
in the activation of  pro-apoptotic enzymes, such as Bax, 
Cytochrome-c and caspase-3, in myocyte mitochondria, 
triggering apoptosis and resulting in cardiac myocyte cell 
death[6-10]. Cardiac myocytes are more susceptible to lipid 
peroxidation due the presence of  a high mitochondrial 
density with resultant high-energy requirements and the 
lack of  anti-oxidant enzymes, which are required for the 
detoxification of  superoxide anions and hydrogen per-
oxide. As a result of  this cardiac myocyte susceptibility, 
a dose-related and irreversible loss of  cardiac myocytes 
occurs, resulting in cardiomyopathy[11]. Though the exact 
mechanism of  cardiotoxicity caused by cytarabine has yet 
to be elucidated, it is postulated that this drug can result 
in a hypersensitivity reaction or possible immune-mediat-
ed damage of  cardiac myocyte[12].

In conclusion, we suggest that physicians be vigilant 
when treating patients with daunorubicin and/or cyta-
rabine and should be aware of  a possible association of  
these chemotherapeutic agents with TC. 

COMMENTS
Case characteristics
A 55-year-old male receiving treatment with Daunorubicin and Cytarabine for 
non M3 acute myeloid leukemia (AML) experience non-radiating sub sternal 
chest pain associated with palpitations on 6th day after chemotherapy.
Clinical diagnosis
Acute coronary syndrome.
Differential diagnosis
ST segment elevation myocardial infarction (STEMI), non-STEMI, Unstable An-
gina, Aortic Dissection, Pulmonary embolism, cardiomyopathy, Ventricular wall 
rupture. 
Laboratory diagnosis
Cardiac troponin I and creatine kinase-MB elevation with continued uptrend, 
consistent with myocardial ischemia. 
Imaging diagnosis
Electrocardiogram-anterolateral STEMI; Echocardiogram (ECHO) at day 6 of 
therapy-ejection fraction (EF) of 30%-35% with segmental wall motion abnor-
malities; repeat ECHO (two weeks later)-Normalization of EF and no wall mo-

tion abnormalities; cardiac catheterization (two weeks later)-clean coronaries. 
Pt diagnosed with Takotsubo cardiomyopathy. 
Treatment
Due to patient’s immunocompromised state, he was medically managed with 
aspirin, clopidogrel, rosuvastatin, and aggressive intravenous hydration in car-
diac intensive care unit.
Related reports
Patient initially thought to have acute coronary syndrome but was eventually 
found to have Takotsubo cardiomyopathy. Patient had clean coronaries on Car-
diac catheterization and on repeat ECHO, his EF normalized and wall motion 
abnormalities resolved. 
Term explanation 
Non M3 AML-According to French-American-British classification acute myeloid 
leukemia are sub grouped in to 8 categories M0-M7. This classification guides 
the therapy and prognosis in patients diagnosed with AML.
Experiences and lessons
Vigilance should be observed while treating patients with daunorubicin and/or 
cytarabine.
Peer review
This is first case report of takotsubo cardiomyopathy associated with daunoru-
bicin and/or cytarabine.
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denced notable reductions in their tics and maintained 
treatment gains at follow-up. Moreover, both patients 
and their parents expressed treatment satisfaction with 
the IOP CBIT format. This case series addresses an im-
portant research gap in the behavioral treatment of tic 
disorders literature. The patients’ treatment outcomes 
indicate that IOP CBIT is a promising treatment that 
warrants more systematic investigation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Comprehensive Behavioral Intervention for 
Tics (CBIT) is an empirically supported treatment for 
individuals with Tourette syndrome. However, the stan-
dard, weekly outpatient format of CBIT may preclude 
some from receiving care. This is the first case series to 
examine the treatment outcomes of intensive outpatient 
CBIT (Intensive Outpatient Program CBIT) in children. 
Despite marked differences between the two boy’s pre-
sentations, outcomes for both cases were positive. 

Blount TH, Lockhart AT, Garcia RV, Raj JJ, Peterson AL. Inten-
sive outpatient comprehensive behavioral intervention for tics: A 
case series. World J Clin Cases 2014; 2(10): 569-577  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i10/569.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i10.569

INTRODUCTION
Tourette syndrome (TS) is a disorder characterized by 
multiple motor tics and at least one vocal tic that occur 
regularly and are present for at least 12 mo[1]. On average, 
tics emerge between the ages of  3 and 8 years, peak be-
tween 10 and 12 years, and decrease in adulthood[2,3]. An 
estimated 60% of  children with Tourette syndrome also 
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Abstract
Recent randomized clinical trials have established the 
efficacy of Comprehensive Behavioral Intervention for 
Tics (CBIT) in treating children and adults with To-
urette syndrome and persistent tic disorders. However, 
the standard CBIT protocol uses a weekly outpatient 
treatment format (i.e. , 8 sessions over 10 wk), which 
may be inconvenient or impractical for some patients, 
particularly patients, who are required to travel long 
distances in order to receive care. In contrast, an inten-
sive outpatient program may increase accessibility to 
evidence-based behavioral treatments for Tourette syn-
drome and other persistent tic disorders by eliminating 
the necessity of repeated travel. This case series evalu-
ated the use of an intensive outpatient program CBIT 
(IOP CBIT) for the treatment of 2 preadolescent males 
(ages 10 and 14 years) with Tourette syndrome. The 
IOP CBIT treatment protocol included several hours of 
daily treatment over a 4-d period. Both children evi-
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meet diagnostic criteria for at least one psychological dis-
order, with attention deficit hyperactive disorder (ADHD) 
being the most common comorbid condition[4], followed 
by obsessive compulsive disorder (OCD), social anxiety, 
depression, and externalizing behaviors[4-6]. 

Standard treatments for tourette syndrome and 
persistent tics
Historically, pharmacologic interventions have been used 
as the first-line treatment for symptom management in 
Tourette syndrome patients[7]. However, medications 
require long-term continuous use and are associated 
with negative side effects that frequently lead to discon-
tinuation of  treatment (for review, see[7-9]). Alternatively, 
behavioral interventions reduce concerns regarding nega-
tive side effects and potential long-term consequences 
of  prolonged medication use. A number of  behavioral 
interventions have been examined (for review, see[10]) 
with habit reversal therapy[11] garnering the most support 
(for review, see[12]). Habit reversal consists of  awareness 
training, contingency management, relaxation training, 
competing response training, social support, and general-
ization training. 

Comprehensive Behavioral Intervention for Tics 
(CBIT)[13] is a multiple-component behavioral treatment 
for Tourette syndrome and persistent tic disorders that 
expands on the original habit reversal therapy protocol 
and includes additional emphasis on psychoeducation, 
functional interventions, and relapse prevention. Re-
cently, two large randomized controlled trials examined 
the efficacy of  CBIT compared to supportive therapy in 
adults and children diagnosed with Tourette syndrome 
and persistent tic disorders. The child study (n = 126; 
mean age 11.7 years) found that CBIT was superior to 
a psychoeducation and supportive therapy comparison 
condition in reducing tics (52.5% vs 18.5%, respective-
ly)[14]. The adult study (n = 122; 16-69 years) also found 
superior results for CBIT, with 38.1% of  the participants 
who received CBIT vs 6.4% in the psychoeducation and 
supportive therapy condition experiencing a significant 
improvement in their tics symptoms at post-treatment[15]. 
Importantly, both adults and children in the CBIT condi-
tion maintained treatment gains and reported decreased 
psychological symptoms at the six-month follow-up. 

Taken together, these findings indicate that CBIT pro-
duces similar outcomes as medication without the side 
effects and that patients continue to experience benefits 
after treatment is completed[14]. In response to mounting 
evidence, CBIT is now considered a first-line treatment 
for persistent tic disorders in Europe[12] and Canada[16]. 

Rationale for intensive outpatient CBIT
The standard outpatient CBIT protocol is comprised of  
eight sessions that are completed over 10 wk, followed 
by three monthly booster sessions. However, weekly 
sessions may be inconvenient or impractical for some 
patients depending on the complexity of  their symptoms 
or their accessibility to care. Instead, these patients may 
benefit from an intensive outpatient program (IOP) that 

compresses CBIT into a week-long protocol. An IOP 
can help extend treatment catchment areas and compen-
sate for the current lack of  CBIT providers. Importantly, 
IOP also allows for patients to practice CBIT without the 
distraction of  school or work. This is particularly relevant 
to the use of  the competing response procedure, which 
is to be implemented upon the detection of  a premoni-
tory urge to tic or the actual occurrence of  a tic. The 
IOP CBIT allows patients to dedicate time specifically to 
detecting urges and tics and implementing the compet-
ing responses without the distractions of  day-to-day life. 
To date, no studies have been published evaluating the 
effectiveness of  an IOP CBIT. However, Flancbuam et 
al[17] presented a case study detailing the outcome of  a 
25-year-old male diagnosed with TS who traveled to the 
United States in order to receive seven sessions of  adapt-
ed CBIT over two weeks[13]. The patient reported notable 
decreases in tic frequency and subjective distress and high 
treatment satisfaction at posttreatment, although he also 
reported a lapse in his tic symptoms when he returned 
home.

Little is known about the benefits of  IOP CBIT, but 
there is precedence for treating children with an IOP 
behavioral program. For example, Whiteside and col-
leagues[18] present a case series of  three adolescents who 
received 10 sessions of  exposure and response preven-
tion for OCD over five days. Each of  the three adoles-
cents experienced a decrease in OCD symptoms at post-
treatment, and two maintained gains after three months. 
Moreover, an IOP (one session) protocol has been used 
to treat specific phobia in children and has demonstrated 
efficacy in three randomized controlled trials (for review, 
see[19]). 

Goals of the case series 
The current case series addresses an important limitation 
in the literature by examining whether IOP CBIT can 
help quickly reduce tic severity in two youth diagnosed 
with TS. Although the boys in the case series differed 
markedly by age, ethnicity, psychological symptoms, be-
havioral distress, and tic severity, and although they were 
treated by different treatment teams (see Table 1), both 
evidenced a notable reduction in tics and maintained their 
treatment gains. The patients and their parents provided 
written informed consent for this case series.

CASE REPORT
Patient A
Patient A (see Table 1) was a 10-year-old Asian-American 
male in the fourth grade. He was placed in the gifted-
and-talented program and advanced mathematics. He 
maintained good grades but had occasional behavioral 
problems at school. He had several friends and was in-
volved in piano, karate, and chess. 

Patient A’s tics were first noticed by his second grade 
teacher when he was 7 years old. He was evaluated by a 
neurologist and a psychologist a year prior to receiving 
IOP CBIT. Both diagnosed him with Tourette syndrome. 

Blount TH et al . Intensive outpatient CBIT
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The neurologist recommended medication, which his 
parents decided against, and the psychologist recom-
mended yoga and family therapy. They attended two ses-
sions of  family therapy but discontinued treatment after 
deciding that it was not helpful. After researching behav-
ioral treatments on the Internet, Patient A’s mother con-
tacted one of  the authors (ALP) to inquire about receiv-
ing CBIT for her son. Since the family would be required 
to travel to another city to receive CBIT, the staff  and his 
mother agreed to use an IOP CBIT protocol. The patient 
presented for care in March 2013. At baseline, he and his 
mother reported that he experienced frequent facial tics 
that interfered with piano practice and chess competi-
tions, but the tics did not interfere with his academic or 
social functioning. However, his mother was concerned 
that he would have tic-related social difficulties when he 
started middle school the following year. 

Baseline assessment
A baseline assessment was conducted by a master’s level 
independent evaluator (IE), who was not involved in the 
patient’s treatment. The Yale Global Tic Severity Scale 
(YGTSS)[20] and the Clinical Global Impression Scale 
(CGI)[21] were administered at baseline, posttreatment, and 
follow-up and were the main outcome measures for treat-

ment (see Table 2). The YGTSS, a semi-structured clinical 
interview, is routinely used in the TS literature and has well 
established psychometric properties (e.g.,[14, 20, 22,23]). It pro-
vides a Total Motor Tic Score (range: 0-25), Total Phonic 
Tic Score (range: 0-25), Total Tic Score (range: 0-50); past 
studies have used YGTSS Total Scores greater than 13 as 
a cut-off  for clinically significant tics (> 9 if  patient has 
only motor or vocal tics; e.g.,[14]). A decrease of  4 points 
on the YGTSS is considered clinically meaningful in chil-
dren[14]. The YGTSS was conducted by the IE and was 
completed by the patient with the help of  his mother. 
The CGI-S and CGI-I scales are well-established rating 
tools applicable to all psychiatric disorders[21]. The CGI-S 
scale is used to assess treatment response in patients. The 
CGI-S requires the clinician to rate the severity of  the 
patient’s illness at the time of  the assessment, relative to 
the clinician’s past experience with patients who have the 
same diagnosis. The CGI-I requires the clinician to rate 
how much the patient’s illness has improved or worsened 
relative to a baseline state.

The IE also administered the Kiddie Schedule for Af-
fective Disorders and Schizophrenia-Present and Lifetime 
Version[24], a semi-structured clinical interview designed 
to determine present episode and lifetime history of  
psychiatric illness based on the diagnostic criteria of  the 
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Table 1  Summary of patient information

Patient A Patient B

Age (yr) 10 14
Ethnicity Asian-American African-American
Academic history 4th grade 9th grade

Gifted and talented Dysgraphia, low-intellectual functioning, and disorder of 
written expression

Psychological history Tourette syndrome Tourette syndrome, ADHD, specific phobia, anxiety, 
insomnia, and stuttering

Tic interference Minimal Significant
Type (number) of tics Motor (5) Motor (6) and vocal (4)
Treatment teams Psychologist, psychology postdoctoral fellow, and psychology intern Psychologist and two psychology postdoctoral fellows
Length of treatment 4 d, 8 treatment sessions 4 d, 3 treatment sessions

ADHD: Attention deficit hyperactive disorder.

Table 2  Patient A and B’s outcome assessment scores

M: Motor tic; P: Phonic tic; YGTSS: Yale Global Tic Severity Scale (Clinical Cut-off: 14), YGTSS subscales are out 5, with 0: None, 5: Severe; CGI-SI: Clinical 
Global Impressions-Severity of Illness (0: Not assessed; 1: Normal; 2: Borderline; 3: Mild; 4: Moderate; 5: Mark; 6: Severe; 7: Extreme); CGI-I: Clinical Global 
Impression-Improvement (0: Not assessed; 1: Very much improved; 2: Much improved; 3: Improved; 4:Minimal improvement; 5: No change; 6: Minimal 
worse; 7: Much worse; 8: Very much worse).

Measures Baseline 1 wk posttreatment 1 mo follow-up 7 mo follow-up Baseline 1 wk posttreatment 1 mo follow-up 6 mo follow-up
Patient A Patient B

M M M M M P M P M P M P
YGTSS
Total      15 9 6 5  21  18       15       13     11     12      14      13
Number 2 1 1 2 5 4 4 4 2 2 2 2
Frequency 4 4 2 2 3 3 3 3 2 2 2 3
Intensity 4 3 2 1 4 4 2 2 3 4 2 4
Complexity 3 0 0 0 4 3 2 2 2 3 4 3
Interference 2 1 1 0 5 4 4 2 2 1 4 1
CGI-SI 4 3 2 2 5 3-4 3 4
CGI-I 1 1 1 - 2 2 3
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sions (60 to 90 min each) of  CBIT over four consecutive 
days (see Table 3). The protocol was administered by a 
treatment team, including two licensed psychologists and 
a pre-doctoral psychology intern. 

Course of treatment
Psychosocial and tic history were gathered and treatment 
rationale was provided in Session 1. Consistent with the 
CBIT manual, Session 1 focused on information gather-
ing and providing a treatment overview and rationale. 
Patient A’s mother was already well versed on TS. Patient 
A and his mother identified five current motor tics (neck 
jerk, eye blink, upper lip tic, facial grimace, and nose flair) 
that occurred in isolation and as a single complex tic (see 
Table 4). Tic monitoring and the role of  social support 
to encourage skill use were introduced and a reward pro-
gram was established to reinforce treatment compliance. 

The Tic Hassle worksheet[30], the functional assessment 
procedure, and the competing response procedure were 
introduced in Session 2 and were conducted each session 
for the remainder of  treatment. The Tic Hassle work-
sheet uses a Subjective Units of  Distress Scale (SUDS), 
in which patients verbally rate their level of  distress on 
an 11-point scale, with 0 representing minimal distress 
and 10 representing extreme distress. In Session 2, Pa-
tient A identified neck pain (SUDS = 9), people noticing 
(SUDS = 3), his grandfather staring at him (SUDS = 4), 
interruption of  piano practice (SUDS = 6), and increas-
ing the time it takes to complete school work (SUDS = 
5) as tic hassles. By the end of  the eighth session, he no 
longer experienced distress from these hassles. Patient A 
and his mother had difficulty completing the functional 

Diagnostic and Statistical Manual of  Mental Disorders, 
fourth edition, text revision[25]. In addition, the patient 
completed the Premonitory Urge Scale[26], the Child Yale-
Brown Obsessive Compulsive Scale[27,28], and the ADHD 
Interview[29] at baseline. These commonly used measures 
were selected to provide a comprehensive evaluation of  
the patient’s tic-related symptoms and psychiatric func-
tioning. 

The assessment confirmed a diagnosis of  Tourette 
syndrome with evidence of  clinically meaningful motor 
tics. He had a history of  vocal tics but was not experi-
encing them at the time of  the assessment. He did not 
endorse OCD symptoms and reported only minimal 
ADHD symptoms. Patient did not meet diagnostic crite-
ria for other Axis I diagnoses.

Formulation, rationale, and treatment plan
Environmental and social factors are believed to play 
a significant role in tic manifestation[22]. CBIT is an 
evidence-based behavioral treatment that recognizes and 
targets these factors. The patient completed eight ses-
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Table 3  Overview of Patient A’s treatment schedule

Day 1 Day 2 Day 3 Day 4

Session 1:90 min 3:60 min 5:60 min 7:60 min
Number Review history Review OOSAs Review OOSAs Review OOSAs

Treatment rational Inconvenience review Inconvenience review Inconvenience review 
Psychoeducation Review treatment tic 1 Review treatment tic 1-3 Review treatment tic 1-3

Tic hierarchy Functional intervention Functional intervention Functional intervention 
Introduce function-based 

interventions 
Competing response tic 2 Competing response tic 2 Competing response tic 2 Review 

relaxation
Introduce reward program Reward review PMR Relapse prevention

Teach tic monitoring Reward review Reward review
Lunch (2 h) Monitor tic 1 Monitor tics 1, 2 Monitor tics 1-3 Monitor tics 1-3

Functional assessment Practice CRs 1, 2 Practice CRs 1-3 Practice CRs 1-3
Session 2:90 min 4:60 min 6:60 min 8:60 min
Number Review OOSAs Review OOSAs Review OOSAs Review OOSAs

Inconvenience review Inconvenience review Inconvenience review Inconvenience review 
Functional assessment and 

treatment tic 1
Review treatment tic 1 and 2 Review treatment tic 1-3 Review treatment tic 1-3

Competing response tic 1 Functional intervention tic 3 Functional intervention tic 2 Functional intervention 
Reward review Competing response tic 3 Competing response tic 2 Competing response tic 2

Introduce relaxation Review relaxation Review relaxation
Diaphragmatic breathing Reward review Relapse prevention

Reward review Reward review
OOSAs Practice CR for tic 1 Practice CRs tics 1-3 Practice CRs tics 1-3 Posttreatment assessment

Monitor 30 min Monitor 30 min Monitor 30 min
Relaxed breathing Relaxation 

CR: Competing response; OOSA: Out of session assignment; PMR: Progressive muscle relaxation. 

Table 4  Patient’s A tic symptom hierarchy tracker ratings

S1 S3 S4 S5 S6 S7 S8 1 mo 6 mo

Eye Blink 6 6 4 4 3 1 2 0 1
Upper Lip 4 4 4 1 1 0 1 0 0
Facial Grimace 6 6 0 1 1 0 0 0 0
Neck Jerk 9 3 2 1 1 0 1 1 0
Nose Flair 4 4 0 0 0 0 0 0 0

Session 2 (S2) scores were not recorded; Subjective Unit of Distress Scale 
range from 0 to 10, with 0: No Distress; 10: Extreme distress.
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assessment for the individual tics throughout treatment. 
They reported that the tics occurred with equal frequency 
across all settings and denied consequences following tic 
occurrence. Moreover, due to the format of  treatment, 
they had little to no opportunity to implement relevant 
function-based interventions at home. 

Competing response training focused on one tic at a 
time, starting with his most distressing tic (i.e., neck jerk 
tic). This component of  treatment requires that patients 
become more aware of  their tics and premonitory urges. 
Consequently, Patient A was asked to describe his tic 
and its corresponding premonitory urge, identify each 
time he engaged in the tic during the training, and then 
identify each time he experienced the premonitory urge. 
Next, the patient and the provider collaboratively selected 
an appropriate competing response. Effective compet-
ing responses are physically incompatible with and less 
conspicuous than the tic, can be performed for at least 
60 s, and do not disrupt normal activity[13]. For example, 
the competing response for the patient’s neck jerk tic in-
volved having him gently move his chin forward and fo-
cusing on one spot each time he experience the tic or the 
premonitory urge. Self-monitoring indicated that his neck 
jerk tic occurred frequently (30 times in 5 min). By Ses-
sion 4, he described decreased neck pain, and his mother 
reported a notable decrease in the neck jerk tic. The 
competing response training was implemented for his 
eye-blink and lip tics in Sessions 3 and 4, respectively. His 
competing responses included slow, rhythmic blinking 
for the eye tic and pursing his lips gently together for the 
lip tic. He demonstrated quick mastery over the lip tic but 
continued to have difficulty with his eye-blink tic. Con-
sequently, the eye-blink tic remained the focus of  CBIT 
for Sessions 5 to 8. By Session 8, both he and his mother 
reported improvement in his eye-blink tic, although his 
mother still occasionally had to prompt him to engage in 
his competing response. 

Relaxation training was initiated in Session 4, and re-
lapse prevention was discussed in Sessions 7 and 8. Since 
they had previously disagreed about what constituted a 
tic, both the patient and his mother were asked to discuss 
how they would handle new tics should they emerge. 
Ways to communicate about potential tics were explored, 
and a plan for this type of  conversation was developed. 
At the end of  treatment, both Patient A and his mother 
expressed high treatment satisfaction. 

Patient B
Patient B (see Table 1) was a 14-year-old African-Amer-
ican male. He participated in a home school program in 
which he attended classes several times per week outside 
his home and was also involved in track and field. At the 
time of  the intervention, Patient B had not shared in-
formation about his diagnosis with peers. As a result, he 
often suppressed his vocal and motor tics when around 
peers and then released his urges to tic at home. At in-
take, Patient B’s vocal and motor tics had occurred for 
approximately six months. He had already been evaluated 

by pediatric neurology and developmental pediatrics and 
was prescribed methylphenidate for ADHD, clonidine for 
tics, and melatonin for sleep. Patient B completed an mag-
netic resonance imaging and electroencephalography with 
pediatric neurology, and it was determined that he did 
not present with epilepsy or other neurological concerns. 
When the tics were unresponsive to medication interven-
tion, Patient B and his family were referred for behavioral 
treatment. Patient B’s psychological history was positive 
for developmental delays, ADHD, and learning difficul-
ties, with no prior history of  tics. He had previously un-
dergone treatment for specific phobia and stuttering. 

Patient B presented for behavioral treatment in Spring 
2012. Given the severity of  his behaviors at his initial ap-
pointment (i.e., grabbing his mother’s arm, punching the 
floor, and difficulty starting and stopping movements), 
consultation with ALP was sought regarding the appro-
priateness of  outpatient services. It was determined that 
he might benefit from an intensive outpatient treatment 
protocol, which started in Summer 2012.

Baseline assessment
A baseline assessment of  Patient B’s current functioning 
was conducted by a master’s level IE, who was not involved 
in the treatment delivery, and included the YGTSS[20] and 
the clinician-rated CGI[21] and the Hopkins Motor/Vocal 
Tic Scale (HMVTS)[31]. Only the YGTSS and CGI were 
used as outcome assessments, and additional information 
about their psychometric properties can be found under 
Patient A’s baseline assessment section. The assessment 
confirmed the diagnosis of  TS and indicated that Patient 
B was experiencing clinically significant vocal and motor 
tics (as defined[14]). Specifically, Patient B and his parents 
reported six motor and four vocal tics, which significantly 
interfered with family interactions and had begun to in-
terfere with his peer relationships. 

Formulation, rationale, and treatment plan
The treatment team met with Patient B and his family 
to discuss treatment options including IOP CBIT. The 
family had already exhausted many other options in the 
community with little to no success, and his parents were 
hopeful that this alternative approach would alleviate his 
symptoms. Given the severity of  his symptoms, Patient 
B continued to take clonidine during his participation in 
IOP CBIT.

Patient B and his parents attended one baseline as-
sessment session and three IOP CBIT sessions over the 
course of  four consecutive days. Although only three 
IOP CBIT sessions were conducted, the total amount 
of  time spent for the intervention was comparable to 
that of  the standard eight session CBIT protocol. Dur-
ing the course of  treatment, Patient B’s parents observed 
through a one-way mirror. Treatment was administered 
by a team consisting of  a board certified child and ado-
lescent psychologist and two child and adolescent post-
doctoral fellows (see Table 5 for a summary of  the spe-
cific treatment schedule). 
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Course of treatment
During the baseline assessment, Patient B and his parents 
identified six current motor tics (grabbing/touching, put-
ting napkins in mouth, full-body twitches, open mouth 
with head nodding, “closing” self  into small spaces, 
tapping surfaces) and four vocal tics (screaming, hum-
ming, repeating self, and “Aahh” sounds). The treatment 
agenda, rationale, tic monitoring, and family support were 
discussed with Patient B and his parents. 

CBIT was initiated in Session 2. The treatment team 
provided psychoeducation about tic disorders, the ratio-
nale for competing response training, awareness training, 
and the stress and relaxation responses. The team also 
engaged the patient in several relaxation strategies and 
progressive muscle relaxation, which yielded a notable de-
crease in his tics. A hierarchy of  the patient’s current tics 
was developed. Patient B was assigned relaxation and tic 
monitoring homework, which was reviewed at the start 
of  the next session (see Table 5).

The following day, Patient B reported some benefit 
with homework while his mother reported a reduction 
in the severity and intensity of  the grabbing tic in public 
places. Session 3 focused on completing the tic hassles 
worksheet[30], in which Patient B described the grabbing 
tic and vocal tic as most bothersome. He identified arm 
pain (SUDS = 9), parental dependence (SUDS = 11), 
and annoying others (SUDS = 7) as tic hassles. Patient 
B reported that his vocal tic was embarrassing (SUDS = 
10). Competing response training was implemented with 
one tic at a time, starting with the most distressing tic 
(grabbing), followed by the vocal tic. For the grabbing tic, 
Patient B was asked to practice squeezing his hands to-
gether and pushing them down as a competing response. 
For the vocal tic, Patient B was instructed to clench his 
teeth and push his tongue against the roof  of  his mouth 
as his competing response. 

On Day 4, the treatment team reviewed the home-
work, in which the patient’s mother observed only one 

vocal tic during several discrete tic observation periods. 
Patient B reported not having any tics or urges while 
at a friend’s house, and he stated that he did not feel as 
though he was suppressing his tics. Because Patient B 
was still reporting some difficulty identifying premoni-
tory urges, a token economy was also implemented dur-
ing the session whereby Patient B earned points towards 
a desirable reward for detecting a premonitory urge by 
notifying the provider (i.e., raising his finger) and engag-
ing in the appropriate competing response. Patient B 
responded positively to the token economy and was mo-
tivated to identify premonitory urges. He was also able 
to resist the urge to tic or engaged in the tic for markedly 
less time compared to pretreatment. At the end of  the 
session, Patient B and his mother reported improve-
ment in the awareness of  his tics and premonitory urges. 
The treatment team also practiced relaxation strategies, 
summarized treatment progress, and discussed relapse 
prevention during the last part of  the session. Providers 
emphasized the importance of  ongoing social and family 
support. 

Over four days of  assessment and treatment, behav-
ioral improvement was observed and noted by all three 
providers, Patient B, and his parents. Patient B reported 
feeling skeptical at the beginning of  the week about 
whether this treatment would be effective, but at the last 
session he stated, “I stand corrected.” Patient B was able 
to control his tics by either stopping them from occur-
ring, notifying providers when he was about to have one, 
and/or decreasing the length of  time spent engaging in 
specific tic behaviors. Overall, Patient B and his parents 
verbally reported high treatment satisfaction. 

Results 
Patient A: By the end of  treatment, Patient A and his 
mother reported a clinically meaningful decrease in his tic 
severity as assessed by the YGTSS and the CGI. Impor-
tantly, his tic severity scores had decreased further by the 
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Table 5  Overview of Patient B’s treatment schedule

Day 1 Day 2 Day 3 Day 4

Session  S1: (1.5 h) S2: (3.5 h) S3: (3.5 h) S4: (3.5 h)
Number Baseline assessment Psychoeducation Review relaxation OOSAs Competing response 

Introduce relaxation Tic hassles form Inconvenience review
Meet therapists Stress vs relaxation Competing responses Relaxation practice

Relaxation postures Inconvenience review Review OOSAs
Introductions PMR + 12 Review tic 1 and 2 Review CR for all tics

Treatment overview Diaphragmatic breathing Competing responses 1, 2 Summarize progress
Visual imagery Review treatment tic 1 Emphasize social support

Awareness training Practice relaxation Reward review
Psychoeducation about tics Competing response 1 and 2

Rationale for treatment Assign homework 
Tic Sx hierarchy

Feedback about assessment
OOSAs Practice relaxation CR tics 1-2 F(x) based interventions

Practice PRM + 12 Monitor 15 min, 3-4x Relaxation 
Practice visual imagery F(x) based interventions Family and social support

Relaxed breathing 

PMR: Progressive muscle relaxation; Sx: Symptoms; CR: Competing response; OOSA: Out of session assignment; F(x) = Function. 
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one-month follow-up (see Table 2). Following their one-
month follow-up assessment, Patient A and his mother 
attended a 60-min booster session, in which his mother 
reported that she only occasionally noticed a slight eye-
blink tic. Patient A disagreed with his mother that this was 
a tic. He also reported that although he still experienced 
an urge to tic, the urge was less severe and occurred less 
frequently. Both Patient A and his mother reported con-
tinued treatment satisfaction with IOP CBIT at follow-up. 
Patient A and his mother reported continued treatment 
gains at the seven-month follow-up and high treatment 
satisfaction. More specifically, he reported that he contin-
ued to occasionally experience a slight eye tic. However, 
both he and his mother agreed that the tic was not no-
ticeable to others and did not cause him interference. No 
new tics emerged from the time of  treatment completion 
through the seven-month follow-up period. 

Patient B: The YGTSS (see Table 5) and HMVTS were 
administered by the same IE and completed by Patient 
B with the help of  his parents at one week, one month, 
and six months. Overall, the assessments revealed clini-
cally meaningful improvement in Patient B’s functioning 
(see Table 2). At the one-week follow up, there was an 
overall reduction in number of  tics (10 vs 2). The parents 
reported that Patient B had not engaged in the grabbing 
tic in the previous week, that he was more aware of  the 
urge to grab, and that he was able to apply a more appro-
priate competing response (i.e., walking away, distraction, 
breathing). During follow-up interviews, Patient B was 
observed using several appropriate competing responses 
(i.e., crossing his arms, sitting on his hands) in reaction to 
the urge to grab others. Patient B also reported feeling “a 
lot better,” stating, “I don’t really tic as much.” He also 
reported that the duration of  his tics had decreased, that 
he was less bothered by his tics, and that the tics were less 
noticeable to others in public. The parents confirmed his 
impressions. Patient B was also provided with additional 
suggestions on competing responses to use for the re-
maining tics. The treatment team reviewed the follow-up 
plan with parents, which included booster sessions.

At the one-month follow-up, the YGTSS revealed that 
treatment gains had been maintained, and Patient B dem-
onstrated a reduction in tic number, frequency, and inter-
ference of  both motor and vocal tics. By the six-month 
follow-up, Patient B was exhibiting a slight increase in the 
frequency of  vocal tics and an increase in the complex-
ity and interference of  motor tics (see Table 2); however, 
Patient B admitted to not practicing the breathing and 
relaxation strategies. Therefore, booster sessions were 
scheduled to review IOP CBIT components.

Although Patient B’s presentation at six months post-
treatment revealed some regression (as seen in Table 2), 
the family expressed their appreciation for Patient B’s 
progress and his ability to function better at home and at 
school. The family also stated that the tics had become 
“so subtle” that he was no longer concerned or upset by 
them.

DISCUSSION
The current case series describes the implementation of  
an intensive outpatient behavioral treatment with two 
preadolescents who presented with Tourette syndrome. 
Despite their different presentations, both patients dem-
onstrated treatment gains following the IOP CBIT in-
tervention. The generalizability of  the current case series 
is unknown at this time. However, IOP CBIT may be 
appropriate for individuals who present with moderate to 
severe tics, those who are experiencing clinically signifi-
cant impairment in daily academic and social functioning, 
and for individuals and their families who desire to experi-
ence a quick reduction in motor and/or vocal tics. On the 
other hand, individuals who might not be good candidates 
for CBIT include those with oppositional and/or defi-
ant behaviors, since adherence to the treatment protocol 
would likely prove to be a challenge. In addition, because 
it is important for individuals with Tourette’s to receive 
adequate psychosocial support in monitoring and reduc-
ing their tics, those with chaotic or limited family and so-
cial support systems may find this protocol challenging. 

It should be noted that many individuals with To-
urette syndrome experience a waxing and waning of  
symptoms over time and that many tics resolve on their 
own[2,3]. Although CBIT is not a cure for Tourette syn-
drome, based on the current case series, individuals who 
follow the treatment protocol can expect to learn tools 
and skills to better manage their tics, understand their 
premonitory urges, reduce the negative impact of  the tics 
on their lives, and experience improvement in their over-
all academic and social functioning[14].

Limitations and future directions
Despite addressing an important gap in the literature 
pertaining to the use of  an intensive outpatient CBIT 
approach with children and adolescents, there are several 
limitations to the current case series that should be noted. 
First, an intensive treatment approach requires a time 
commitment from parents and patients that would likely 
require a parent to request time away from work and/or 
a child to be absent from school. This might present a 
financial challenge for some parents and possibly create 
academic stressors for some children. It also raises the 
question about the most convenient time to deliver an 
intensive outpatient intervention for children and ado-
lescents. That is, Patient A received his treatment during 
a planned school break, while Patient B was seen during 
the summer. Clinicians should consider and discuss the 
time commitment it takes for families to participate in 
this type of  intensive treatment approach. 

Second, both patients received treatment at academic 
medical centers without individual fee-for-service costs as 
a part of  psychology internship and postdoctoral training 
programs. It is possible that many families might find pay-
ing out-of-pocket for an intensive outpatient treatment to 
be a financial burden. Moreover, with the increased limi-
tations placed on behavioral health services by managed 
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care organizations, insurance companies might be unable 
or unwilling to pay for an intensive outpatient program. 
Future research should examine the generalizability of  
a comprehensive behavioral intervention for TS in the 
community at large. Third, receiving treatment as part of  
a research study or through a military treatment facility 
would also facilitate access to services for this population. 
While members of  the current treatment teams received 
training, consultation, and/or supervision from one of  
the leading researchers (ALP) in the field of  TS, acces-
sibility of  behavioral health providers who are trained in 
CBIT might be more limited in other geographical areas. 
Both families reported feeling grateful that they had ac-
cess to the current treatment teams. Agencies and educa-
tional institutions would greatly benefit the community 
by offering more training opportunities for behavioral 
health providers in the treatment of  TS. The Tourette 
Syndrome Association has sponsored many CBIT train-
ing programs.

Finally, the intensive outpatient program implement-
ed in the current treatment protocol might compromise 
the external validity of  the intervention. Both patients 
received the intensive treatment at a much faster pace 
compared to traditional therapy, creating an artificial 
environment in which to practice the skills learned. This 
limited both patients’ ability to practice the functional 
based interventions in their everyday environments at a 
more natural pace. Future research should continue to 
examine the generalizability and long-term benefits of  
IOP CBIT. Future research should also consider a single 
subject research design or an experimental research 
design to include a control group receiving traditional 
weekly CBIT with the experimental group receiving IOP 
CBIT over 3-4 d.

The current case series adds an important piece to 
the scientific literature on the behavioral treatment of  
Tourette syndrome and persistent tic disorders by dem-
onstrating that Cognitive Behavioral Intervention for 
Tics employed as part of  an intensive outpatient program 
can reduce tic severity. The use of  an intensive outpatient 
program incorporating Comprehensive Behavioral Inter-
vention for Tics appears to offer several benefits. First, 
the patients in this case study were able to make notable 
progress over the span of  1 wk vs 10 wk. Additionally, 
IOP CBIT allows patients to focus almost exclusively 
on developing and practicing their competing responses 
without the interference of  work or school. IOP CBIT 
also expands the potential treatment catchment areas, 
which would make CBIT more accessible to a wider 
range of  patients who would otherwise be limited by 
geography or expense. Importantly, an IOP CBIT has 
the potential to help compensate for the current lack of  
CBIT providers. 

COMMENTS
Case characteristics
Both Patients A (10-year-old male) and B (14-year-old male) experienced mul-
tiple tics that were consistent with Tourette syndrome. 

Clinical diagnosis
Patients A and B both met diagnostic criteria for Tourette syndrome.
Differential diagnosis
Patients A and B were both assessed for attention deficit hyperactive disorder 
and obsessive compulsive disorder. 
Treatment
Patients completed intensive outpatient Comprehensive Behavioral Interven-
tions for Tics (CBIT).
Related reports
Although previous studies support the use of CBIT, when delivered in eight 
weekly sessions, more research is needed to determine whether an intensive 
outpatient format can improve tic management in children with a persistent tic 
disorders; however, the treatment outcome of these two cases are promising. 
Experiences and lessons
This case series represents the first report of treatment outcomes following 
an intensive outpatient CBIT protocol for children. Although future research is 
required before more definitive conclusions can be reached, the findings of this 
case series suggest that Intensive Outpatient Program CBIT may reduce tic 
symptoms in children with Tourette syndrome.
Peer review
This is a template for a valuable modification of CBIT for those who desire 
thorough management in a short period of time. This represents a promising 
approach that merits confirmation by other investigators in other settings. 
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therapy and third, if severe respiratory failure is compli-
cated by cardiogenic shock, veno-atrial ECMO support 
via  median sternotomy should be considered as a vi-
able treatment option without further delay. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Here, we report the case of a child with 
swine-origin influenza A-associated fulminate respirato-
ry and secondary hemodynamic deterioration, who was 
rescued by initial emergent extracorporeal membrane 
oxygenator (ECMO) established through a dialysis cath-
eter and subsequent switch to veno-atrial ECMO (VA-
ECMO) via  central cannulation. This report highlights 
several important issues. First, it describes a successful 
use of a dialysis catheter for the veno-venous ECMO-
establishment in an emergency case by child. Second, 
it highlights the importance of a closely monitoring of 
clotting parameters and third, if severe respiratory fail-
ure is complicated by cardiogenic shock, VA-ECMO sup-
port via  median sternotomy should be considered as a 
viable treatment option without further delay.
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INTRODUCTION
Establishment of  extracorporal membrane oxygenation 
(ECMO) through percutaneous placement of  cannulas in 
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Abstract
Introduction: World Health Organization announced on 
April 2009 a public health emergency of international 
concern caused by swine-origin influenza A (H1N1) 
virus. Acute respiratory distress syndrome (ARDS) has 
been reported to be the most devastating complications 
of this pathogen. Extracorporeal membrane oxygenator 
(ECMO) therapy for patients with H1N1 related ARDS 
has been described once all other therapeutic options 
have been exhausted. Here, we report the case of a 
child (German, male) with H1N1-associated fulminate 
respiratory and secondary hemodynamic deterioration 
who was rescued by initial emergent ECMO established 
through a dialysis catheter and subsequent switch to 
central cannulation following median sternotomy. This 
report highlights several important issues. First, it de-
scribes a successful use of a dialysis catheter for the 
establishment of a veno-venous ECMO in an emergency 
case by child. Second, it highlights the importance of a 
closely monitoring of clotting parameters during ECMO 
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children can be difficult because of  the small vessel size[1]. 
Median sternotomy may be necessary in selected cases to 
cannulate the ascending aorta and right atrium for suffi-
cient ECMO flow[1,2].

CASE REPORT
A 4 years old German boy presented in our emergency 
room with a 24 h history of  shortness of  breathe follow-
ing several days of  an influenza-like illness. At presenta-
tion, he suffered from respiratory failure requiring urgent 
intubation and mechanical ventilation. After his admis-
sion to our intensive care unit the initial chest radiograph 
revealed bilateral patchy infiltrates (Figure 1A). H1N1 in-
fluenza virus was confirmed by the reverse transcriptase-
polymerase chain reaction assay of  respiratory secretions. 
Bacterial cultures were negative. He was treated empiri-
cally with Oseltamivir. Within 24 h after hospital admis-
sion the patient had severely impaired gas exchange de-
spite maximum respiratory support on the ventilator. For 
this reason high frequency oscillation ventilation (HFOV) 
was initiated. Since there was no improvement of  the re-
spiratory situation within 4 d of  HFOV-treatment, veno-
venous ECMO (VV-ECMO) had to be established. 

Because of  the small vessel size of  the child, save 
cannulation sites for percutaneous placement of  the 
ECMO cannulas were limited and included the internal 
jugular veins and the femoral veins. Placement of  a can-
nula through the jugular vein was not successful. The 
child was in critical clinical condition and we decided to 
start VV-ECMO support via an 11 Fr dialysis catheter 
(Dolphin Protect, Gambo, Hechingen, Germany) placed 
into the left femoral vein. We established ECMO outflow 
of  oxygenated blood via the arterial lumen and inflow of  
deoxygenated blood via the venous lumen of  the dialysis 
catheter. We connected ECMO-tubes with the dialysis 
catheter via a connector (1/4 × LLm, Maquet GET-
INGE GROUP, Hirrlingen, Germany). ECMO circuit 
consisted of  a Quadrox id pediatric (Maquet Cardio-
vascular, Wayne, NJ, United States) polymethylpentene 
oxygenator and a Rotaflow (Maquet Cardiovascular) cen-
trifugal pump. This setting allowed for a flow of  400-mil-

liliter per min. Despite the rather low circuit flow, the 
combination of  VV-ECMO and HFOV allowed for an 
immediate improvement of  oxygenation and weaning of  
vasopressor support.

Three days later, following an initial course of  stabili-
zation a sudden exchange of  the VV-ECMO-system had 
to be performed due to massive clot-formations in the 
oxygenator. Notably there was an exponential elevation 
of  fibrinogen and D-Dimer, as a result of  disseminated 
intravascular coagulation (DIC), which could be detected 
from the establishment of  the VV-ECMO support on 
until the system change. In order to avoid further clotting 
formations continuous application of  heparin directly in 
the venous cannula of  the new ECMO circuit has been 
established. 

One day after the system change a sudden hemody-
namic instability required high inotropic and vasopressor 
support. Therefore we decided to switch the VV-ECMO 
to veno-atrial ECMO (VA-ECMO). In order to reliably 
maintain adequate flow in this critical situation we per-
formed a median sternotomy and established VA-ECMO 
support via the right atrial appendage and the ascending 
aorta. A Bio-Medicus (Medtronic, Inc., Minneapolis, MI, 
United States) arteria cannula was used as the return can-
nula for oxygenated blood. For venous drainage a multi-
port Bio-Medicus (Medtronic, Inc.) cannula was used. 
Circuit flow of  1.2 liters min-1 led to a stabilization of  the 
hemodynamic situation with immediate weaning from 
the vasopressor and intotropic support. 

VA-ECMO was provided for a total of  10 d and 
could afterwards be successfully explanted. The patient 
could be successfully decannulated and control chest ra-
diograph showed normal lung morphology (Figure 1B). 
The 4-year-old boy could be discharged from the hospital 
after a total of  38 d with full resolution of  symptoms. 

DISCUSSION
This report highlights several important issues. First, it 
describes a successful use of  a dialysis catheter for the 
establishment of  a VV-ECMO in an emergency case, 
in which, due to the small vessel size of  the child, the 
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Figure 1  Anterior-posterior chest radiograph. A: Postintubation anterior-posterior chest radiograph of a 4 years old boy before Extracorporeal membrane oxygen-
ator (ECMO) support with acute respiratory distress syndrome caused by proven novel 2009 H1N1 influenza virus; B: Anterior-posterior chest radiograph of the same 
patients after successful veno-atrial ECMO weaning and successful decanulation. 
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percutaneous placement of  routine ECMO cannulas 
was not possible. Second, as clotting formations in the 
ECMO-oxygenator is a possible and devastating compli-
cation especially in critically ill patients with H1N1 infec-
tion suffering a DIC, it is vital that clotting parameters, 
especially fibrinogen and D-Dimer, of  such patients are 
closely monitored. Third, if  severe respiratory failure is 
complicated by cardiogenic shock, VA-ECMO support 
via median sternotomy should be considered as a viable 
treatment option without further delay[3-9]. 

COMMENTS
Case characteristics
The 4 years old patient presented in the emergency room with the main symp-
tom of dyspnoea.
Clinical diagnosis
Clinical diagnosis of acute respiratory failure leads to an urgent intubation and 
mechanical ventilation of the young boy. 
Differential diagnosis
Bacterial infection could be excluded once the bacterial cultures were negative. 
Laboratory diagnosis
Swine-origin influenza A (H1N1) influenza virus was confirmed by the reverse 
transcriptase-polymerase chain reaction assay of respiratory secretions. 
Imaging diagnosis
After his admission to the authors intensive care unit the initial chest radiograph 
revealed bilateral patchy infiltrates.
Pathological diagnosis
Within 24 h after hospital admission the patient had severely impaired gas ex-
change despite maximum respiratory support on the ventilator.
Treatment
For this reason high frequency oscillation ventilation (HFOV) was initiated. Due 
to the fulminate respiratory and secondary hemodynamic deterioration, initial 
emergent veno-venous extracorporeal membrane oxygenator (VV-ECMO) (ex-
tracorporeal membrane oxygenator) established through a dialysis catheter and 
subsequent switches to veno-atrial ECMO (VA-ECMO) through central cannula-
tion following median sternotomy, has to be performed.
Term explanation 
ECMO therapy for patients with H1N1 related acute respiratory distress syn-
drome (ARDS) has been described once all other therapeutic options have 
been exhausted. This report highlights several important issues. First, it de-
scribes a successful use of a dialysis catheter for the establishment of a VV-
ECMO in an emergency case by child. Second, it highlights the importance of 
a closely monitoring of clotting parameters during ECMO therapy and third, if 
severe respiratory failure is complicated by cardiogenic shock, VA-ECMO sup-

port via median sternotomy should be considered as a viable treatment option 
without further delay. 
Peer review
This manuscript lights on the problem of the ECMO cannulation in emergency 
and in the pediatric patient, and indicate as a solution the use of the dialysis 
catheter instead of the double lumen pediatric ECMO’s cannula.
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and subsequent pseudoaneurysm formation. In paral-
lel, we review the aforementioned condition.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Ventricular wall rupture (LVWR) comprises 
a complication of acute myocardial infarction. Acute 
LVWR is a fatal condition, unless the formation of a 
pseudoaneurysm occurs.
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ventricular pseudoaneurysm formation: Two cases and review of 
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INTRODUCTION
Cardiac rupture as a pathophysiological entity was first 
described by Harvey[1] in 1647. It is a complication of  
acute acute myocardial infarction (AMI) with an overall 
incidence of  6.2%[2,3]. It represents the second cause of  
death after cardiogenic shock, and accounts for as much 
as 15% of  in-hospital mortality[4-6]. Rupture may involve 
any cardiac structure, i.e., atria, ventricles, interatrial or 
interventricular septum, papillary muscles or chordae 
tendineae, or one of  the heart valves. Left ventricular wall 
rupture (LVWR) occurs up to 10 times more frequently 
than septal rupture, affecting up to 11% of  patients after 
AMI and is almost invariably fatal, with death occurring 
within minutes after the development of  chest pain[6]. In 
contrast, subacute LVWR and containment by false aneu-
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Abstract
Left ventricular wall rupture (LVWR) comprises a com-
plication of acute myocardial infarction (AMI). Acute 
LVWR is a fatal condition, unless the formation of a 
pseudoaneurysm occurs. Several risk factors have been 
described, predisposing to LVWR. High index of suspi-
cion and imaging techniques, namely echocardiogra-
phy and computed tomography, are the cornerstones 
of timely diagnosis of the condition. As LVWR usually 
leads to death, emergency surgery is the treatment of 
choice, resulting in significant reduction in mortality and 
providing favorable short-term outcomes and adequate 
prognosis during late follow-up. Herein, we present two 
patients who were diagnosed with LVWR following AMI, 
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rysm formation of  the pericardial layers may lead to pa-
tient’s survival for hours or even days, but rarely weeks[7-9].

CASE REPORT
Case 1
A 62-year-old man was referred for echocardiographic 
evaluation. Two weeks ago, he had been admitted to 
another hospital for a non-ST segment elevation myo-
cardial infarction for which he had undergone coronary 
arteriography. Coronary angiography revealed a 60% oc-
clusion of  the left anterior descending artery (LAD), a 
totally occluded right coronary artery (RCA), and a totally 
occluded left internal mammary artery (LIMA) graft to 
the LAD. The patient’s history included coronary artery 
bypass grafting operation, with a LIMA graft to the 
LAD, and an ascending aorta replacement with an aortic 
graft (Hemashield straight tube, Boston Scientific) due 
to aneurysm, twelve years earlier. Moreover, nine years 
ago, he had undergone percutaneous coronary angio-
plasty and had received a drug-eluting stent to the RCA. 
Echocardiography revealed rupture of  the left ventricular 
posterior wall which was contained by pericardium, thus 
forming a sizeable pseudoaneurysm (Figure 1). There was 
no significant pericardial effusion and the overall systolic 
function of  both ventricles was found within normal lim-

its. Based on the echocardiographic diagnosis the patient 
was admitted to our hospital for further investigation 
and treatment. The patient’s admission 12-lead surface 
electrocardiogram (ECG) showed ischemic changes in 
the inferior leads (Ⅱ, Ⅲ, aVF). Cardiac computed tomo-
graphic angiography (Figure 2A) and volume rendering 
technique (Figure 2B) confirmed the presence of  a pseu-
doaneurysm, with 50 mm × 50 mm dimensions, at the 
posterior wall of  the left ventricle. The patient was re-
ferred to Surgery and a surgical repair of  the defect with 
application of  a Dacron patch with continuous suture 
was performed. Repeat echocardiography demonstrated 
a well-placed patch at the site of  the rupture, enforcing 
the walls of  the pseudoaneurysm. The patient had an 
uneventful postoperative recovery and was discharged on 
day 6 with explicit instructions and medication.

Case 2
An 86-year-old man presented with exertional dyspnea 
of  five months duration. He had a history consistent 
with chronic atrial fibrillation under acenocoumarol and 
atenolol, and dyslipidemia under simvastatin. He had 
no history of  documented coronary artery disease the 
12-lead ECG showed Q waves in leads Ⅲ and aVF. He 
was hemodynamically stable with normal vital signs. The 
echocardiographic study demonstrated a pseudoaneu-
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Figure 1  Echocardiography: Parasternal short axis and 2-Chamber view of the left ventricle posterior wall pseudoaneurysm (A and B, arrows). LA: Left 
atrium; LV: Left ventricle.

Figure 2  Cardiac computed tomographic angiography (A) and volume rendering (B): Left ventricle posterior wall pseudoaneurysm. PS: Pseudoaneurysm; 
AG: Aortic graft.

A B

LV
LV

LA

A B

PS

PS

AG



rysm at the akinetic basal inferior lateral wall of  the left 
ventricle, close to the base of  the anterolateral papillary 
muscle (Figure 3). The overall function of  the left ventri-
cle was preserved. Cardiac computed tomographic angi-
ography and volume rendering technique revealed signifi-
cant atherosclerosis and coronary arteries narrowing. The 
echocardiographic findings were confirmed; a circular 
opacified 19 mm × 16 mm protrusion originating from 
the lateral wall of  the left ventricle was observed (Figure 
4). The patient’s clinical condition and echocardiographic 
findings remained stable over his 3 years follow-up.

DISCUSSION
Time of occurrence and factors related to LVWR in AMI
The traditional risk factors for LVWR include older age 
(> 60 years), female sex, first lateral or anterior wall AMI, 
severe one-vessel coronary artery disease with lack of  col-
lateral circulation, and absence of  previous angina[4,10,11]. 
On the contrary, the presence of  multivessel disease may 
exert a protective effect, probably linked to development 
of  greater collateral circulation[12]. Furthermore, it has 
been reported that the majority of  patients with LVWR 
had suffered ST segment elevation AMI, with positive 
cardiac biomarkers, and a higher heart rate, lower blood 
pressure, and higher GRACE risk score at admission than 
patients without LVWR[13-15]. Chronic hypertension and 

diabetes mellitus do not seem to modify the incidence 
of  LVWR[16], and contrary to a previous report[17], ste-
roid use and late thrombolysis do not appear to increase 
the risk of  LVWR[18,19]. Concerning thrombolysis, three 
mechanisms have been proposed as been responsible for 
occurrence of  LVWR: hemorrhage to the ischemic zone 
resulting in loss of  muscular tissue strength[20,21], increased 
collagen degradation and synthesis restrain by throm-
bolytic agents[22], lymphocytic migration to the infarct 
zone initiating absorption of  collagen and proteolysis[21]. 
Depending on the time of  its occurrence, LVWR may be 
classified as early, when it develops within the first 48 h 
post-AMI, or late, when it occurs beyond 48 h post-AMI. 
The early form represents 40%-50% of  cases[23], however 
it is generally accepted that the true proportion is likely to 
be higher when including patients who die suddenly from 
LVWR before reaching hospital[24].

Differentiating true aneurysm from pseudoaneurysm
Rarely, LVWR is contained by an adherent pericardium, 
creating a pseudoaneurysm. Differentiation between left 
ventricular aneurysm and pseudoaneurysm is difficult, yet 
it is the most important task to carry out in order to facil-
itate therapeutic decision making. Pericardial friction rub, 
decreased heart sounds, sinus bradycardia or junctional 
rhythm, are all signs of  pseudoaneurysm[25]. However, 
chest pain, dyspnea and hypotension, as well as persistent 
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Figure 3  Echocardiography: Modified 4- and 3-Chamber view of the left ventricle lateral wall pseudoaneurysm (A and B, arrows). RV: Right ventricle; LA: 
Left atrium; AO: Ascending aorta; LV: Left ventricle.

Figure 4  Cardiac computed tomographic angiography and volume rendering: Left ventricle lateral wall pseudoaneurysm (A and B). PS: Pseudoaneurysm.
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ingly, our second patient survives for 3 years after diag-
nosis without surgery. Early diagnosis of  LVWR is based 
on clinical suspicion. Echocardiography is of  paramount 
importance, while computed tomography and CMR can 
be used to confirm diagnosis in stable patients.

COMMENTS
Case characteristics
Two patients who were diagnosed with left ventricular wall rupture (LVMR) fol-
lowing acute myocardial infarction (AMI), and subsequent pseudoaneurysm 
formation.
Clinical diagnosis
Variable clinical presentation, ranging from asymptomatic forms of the condition 
to more typical angina pectoris or dyspnea.
Differential diagnosis
Cardiac ischemia, pulmonary disease and heart failure are the main differential 
diagnoses.
Laboratory diagnosis
There are no specific laboratory findings in the condition described. However, 
negative cardiac enzymes could exclude novel myocardial infarction.
Imaging diagnosis
Echocardiography is the most useful and available imaging method in the diag-
nosis of left ventricular aneurysm and pseudoaneurysm formation. Computed 
tomography and cardiac magnetic resonance are complementary modalities, 
however of paramount importance in differentiating between the two aforemen-
tioned entities.
Treatment
Surgery is the treatment of choice for post-myocardial infarction left ventricular 
pseudoaneurysms.
Related reports 
Left ventricular rupture and pseudoaneurysm formation have been described in 
the literature. However, long-term follow-up in an untreated patient (the authors’ 
second case) is quite rare.
Term explanation
LVWR following an AMI and containment by false aneurysm formation of the 
pericardial layers may lead to patient’s survival for hours or even days, but 
rarely weeks.
Experience and lessons
LVWR may be a rare condition in the era of primary percutaneous interven-
tions, however it should always be a consideration in post-myocardial infarction 
patients.
Peer review
This is an interesting manuscript.
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focus the clinical case and how to treat patients with this 
condition. The impact on functional and aesthetic as-
pects calls our attention to treat these patients correctly.

García-Perdomo HA. Importance of defining the best treat-
ment of a genital gunshot wound: A case report. World J Clin 
Cases 2014; 2(10): 587-590  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i10/587.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i10.587

INTRODUCTION
Twenty percent of  genital traumas are caused by pen-
etrating injuries[1-3]; with traumatic amputations-as part 
of  genital traumas-usually happening in acute psychotic 
events[4-6]. In only a small percentage they are caused by 
agricultural and industrial accidents or even by gunshot 
or stab wounds[4-6]. Due to a raise of  civil war conflicts, 
gunshot and stab wounds have increased in the last 
couple of  years, especially in Columbia[7], making this 
type of  injuries prevalently seen at Hospital Universitario 
del Valle (Cali, Colombia). In both males and females, the 
penetrating genital injuries occur with other associated 
injuries in 70% of  cases[8,9].

It is therefore important to know that the injured per-
sons will have a different degree of  damage and that the 
urologists will have to determine the probability of  reat-
taching the part of  the amputated or reconstructing the 
injured penis[4].

The purpose of  this report is to describe an interest-
ing case of  a genital gunshot wound associated with a 
literature review to support the case and treatment, ac-
cording to CARE guidelines for Case Reports.

CASE REPORT
A 67-year-old male patient was admitted to the emergen-
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Abstract
Twenty percent of genital traumas are caused by pen-
etrating injuries; accordingly gunshot and stab wounds 
have increased in the last couple of years around the 
globe, even in Colombia. A 67-year-old male patient 
was admitted to the emergency room because he re-
ceived multiple gunshot wounds. On physical examina-
tion, multiple wounds on his penis with loss of tissue 
in the foreskin, glans, anterior urethra (distal third) 
and cavernous corpora were found. The urologist per-
formed a partial penectomy with a penis reconstruction, 
he debrided the cutaneous flap of the dorsal foreskin 
and its glans, sutured the distal cavernous corpora and 
dissected the urethra. Penetrating genital injuries are 
extremely important due to their impact on the func-
tional, psychological and the aesthetic consequences. 
It is necessary to define the best possible treatment to 
minimize the damage.  

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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war. For example, in developing countries its incidence 
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cy room because he received multiple gunshot wounds. 
On physical examination, a suprapubic and multiple 
wounds on his penis were found, with loss of  tissue in 
the foreskin, glans, anterior urethra (distal third) and 
cavernous corpora on the left side (Figures 1 and 2). Be-
cause of  the extent of  injuries and the inability to have a 
permeable urinary tract, a suprapubic tube (cystostomy) 
was placed and a surgical cleansing and debridement were 
performed.

On the next hospitalization day, he was taken to the 
operating room, where following conditions were found: 
devitalized glans with some necrosis areas, loss of  the 
pendulous urethra up to its middle third, and a partial 
loss of  its foreskin, but with some good cutaneous flap 
remaining. The urologist decided to perform a partial pe-
nectomy with a penis reconstruction, he debrided the cu-
taneous flap of  the dorsal foreskin and its glans, sutured 
the distal cavernous corpora and dissected the urethra. 
Following the reconstruction a urethral Foley catheter 
was placed.

Three days after his admission, on his second postop 
day, he was managed as an outpatient due to good clinical 
status.

As an outpatient, two months later, he showed up 
with good clinical status, the surgical wound was healed 
but some left-sided retraction of  the neomeatus was 
found (Figures 3 and 4).

DISCUSSION
In an emergency room, a patient with multiple injuries 
or even with isolated genital damage requires prompt 
assessment and course of  action[3]. Sometimes it is im-
portant to assess the range, caliber and type of  weapon 
to evaluate the amount of  the damage, before the treat-
ment can be initiated[1]. Primarily physicians should focus 
on life threatening conditions and their treatment; and 
only then focus on genital and associated trauma. The 
surgical approach will depend on the site of  the damage 
but a lateral or a sub-coronal degloving should supply a 
good exposure[3].

The first principles of  caring of  genitalia are debride-
ment of  devitalized tissue, preservation of  as much vi-
able tissue as possible, diversion of  urine, hemostasis and 
removal of  foreign bodies if  necessary[3]; the conservative 
management is election for most cases[10]. If  some tissue 
is not completely viable, the conservative management is 
encouraged for a delayed penile repair, perhaps 4 wk after 
trauma[3]. A tunica albuginea defect could be repaired eas-
ily but if  bigger damage is found, the surgeon should use 
an autologous or xenograft[3].

When loss of  genital skin is mild to moderate, recon-
struction with the same skin is preferable but when an 
extensive injury is encountered, a full-thickness skin graft 
should be established for reconstruction[10,11]. This could 
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Figure 1  Glans and cavernous corpora injured. Figure 2  Injured urethra.

Figure 3  Left sided retraction. Figure 4  Mild meatus stenosis.



be taken from the abdomen, buttock, thigh or axilla, de-
pends of  the preference of  the surgeon[11].

According to the grade of  damage, there are a variety 
of  treatments, for example: closure of  residual stump, 
surgical reanastomosis or total phallic substitution with 
reconstruction[4,12]. 

The penis and the amputated part should be washed 
out and debrided with saline or ringer solution[3,13] in ev-
ery case. If  replantation is attempted, it should be done 
within 24 h with proper maneuvers and conservation of  
the amputated part (usually the glans) because success 
has been reported within this time[14] and this could be 
performed in a micro or non-microvascular approach 
with better results in the first one[3].

Particularly in this case, the patient had a genital gun-
shot wound with loss and devitalized tissue: the glans, the 
urethra and the cavernous corpora, so the replantation 
was not indicated, then the second choice of  treatment 
was used as literature says: a closure of  the penile stump 
was performed (cavernous corpora) and the urethra 
was spatulated as in a standard partial penectomy[4]. The 
phallic substitution with reconstruction is usually recom-
mended for patients with a good mental status and after 
the episode has passed and the patient is stable[4], but this 
is not going to be discussed in this article.

The postoperative management should include: an-
tibiotics for the risk of  infection, a Foley catheter for 
the urethral reconstruction, and some dressings over the 
penis[4]. These recommendations are based on descriptive 
studies due to the lack of  clinical trials to assess the best 
treatment possible.

Based on the aesthetic and functional results the pa-
tient could need a second or third surgery accompanied 
by the plastic surgeon[4,15], for example, this patient will 
need a reconstructive surgery to place the parts where 
they go and also perhaps an urethral reconstruction to as-
sure the functional status.

It is important to recognize the need to interact with 
different specialists for example the plastic surgeon, the 
psychologist/psychiatrist, and the urologist for sure[4]. 
This is not something easy to treat, so the general physi-
cian, the urologist and every doctor involved in the treat-
ment should recognize, diagnose and treat according to 
the damage to minimize the sequels. 

This case allows us to recognize and to keep in mind 
how important and relevant these injuries are due to their 
impact on the functional, psychological and the aesthetic 
consequences. It is necessary to wash out and debride the 
injured tissue and consequently, defining the best possible 
treatment to minimize the damage.
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patients can present with various clinical presentations. 
Biochemical profiling and nuclear imaging study can as-
sist in the identification of this lesion. Preoperative care 
with volume hydration and adrenergic blockade are 
often necessary and surgery remains the only cure for 
these patients. 

Ranaweera M, Chung E. Bladder paraganglioma: A report of 
case series and critical review of current literature. World J Clin 
Cases 2014; 2(10): 591-595  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i10/591.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i10.591

INTRODUCTION
Paragangliomas are rare tumours that arises from extra-
adrenal paraganglia and consists of  specialized neural 
crest-derived cells (catecholamine-secreting chromaffin 
cells)[1]. Of  all chromaffin cell-related tumours, paragan-
glioma accounts for less than a quarter of  cases[1,2]. The 
sympathetic paraganglia are symmetrically distributed 
along the paravertebral axis and small sympathetic para-
ganglia can also be found in other organs such as the 
bladder. Primary paraganglioma of  the urinary bladder is 
very rare making up less than 0.05% of  all bladder ma-
lignancy. Paragangliomas can present with clinical symp-
toms secondary to catecholamine hypersecretion or mass 
effect, incidental finding on radiographic imaging, and/or 
on routine family screening for hereditary paraganglioma. 
We explore three different clinical cases of  bladder para-
ganglioma that were treated at our institution.

CASE REPORT
Case report 1
A 23 years old female was referred by her general practi-
tioner with history of  urinary urgency and an incidental 
finding of  bladder mass on urinary tract ultrasound. 
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Abstract
Extra-adrenal chromaffin cell-related tumours or para-
gangliomas are rare, especially in the bladder. In this 
article, we reported three different clinical cases of 
bladder paraganglioma, followed by a review of current 
literature on the pathophysiology and management of 
bladder paraganglioma. Case 1 involved a 23 years old 
female patient who complained of a 10-year history 
of micturition-related headaches, palpitations and dia-
phoresis; while in case 2, a 58 years old female patient 
presented with history of painless haematuria and an 
incidentally diagnosis of a functioning paraganglioma 
during endoscopic transurethral resection of bladder 
tumour; and lastly in case 3, a 54 years old male renal 
transplant recipient was referred to the urology outpa-
tient with a suspicious bladder mass found incidentally 
on routine transplant workshop.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bladder paraganglioma; Bladder mass; Cat-
echolamine and its metabolites; Nuclear imaging

Core tip: Bladder paraganglioma is a rare condition and 
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When enquired further, she described a long-standing 
history of  episodic severe throbbing headaches lasting 
few minutes, dating back to as early as the age of  12 

years. These paroxysmal attacks of  headache coincided 
with her bladder emptying and over the last few years, 
she also experienced palpitations, nausea, sweat and facial 
pallor post-micturition. In addition, she recalled the pres-
ence of  microscopic hematuria in her urine dipstick since 
the age of  12 years. She has been diagnosed with bor-
derline hypertension in her late teens but is not on anti-
hypertensive medication. There was no family history to 
suggest a hereditary endocrine disorder.

Urinary tract ultrasonography revealed a large vascu-
lar soft tissue mass on the left bladder wall and her urine 
cytology revealed mildly atypical urothelial cells in two 
out of  three samples. There was a marked elevation of  
urinary noradrenaline (4748 nmol/dL, Reference: [50-600]) 
and its metabolites on 24 h urine collection. Plasma meta-
nephrine was also significantly elevated (8500 pmol/L, 
reference < 900 pmol/L). Staging computed topography 
of  the abdomen and pelvis showed a 6.2 cm × 4 cm × 4.9 
cm solid and enhancing, loculated mass near to the left 
vesicoureteric junction (Figure 1). Following consultation 
with the endocrinologist, alpha (α)-adrenergic and beta 
(β)-adrenergic blockade was achieved with a combination 
of  phenoxybenzamine and metoprolol for a minimum of  
2 wk prior to surgery. During this time, further imaging 
with Iodine-123-meta-iodobenzylguanidine (I-123 MIBG) 
scintiscan confirmed the presence of  bladder phaeochro-
mocytoma without metastatic disease (Figure 2).

A formal rigid cystoscopy, left retrograde pyelogram 
and examination under anesthesia were performed and 
showed a firm, irregular, well circumscribed lesion in the 
left bladder that was not fixed to the pelvis and a nor-
mal distal left ureter configuration. She was hypertensive 
intraoperative and required α-adrenergic blockade with 
phentolamine. Discussion ensued about her condition 
and she underwent partial cystectomy 2 wk later with 
volume hydration and antihypertensive medication. A 
combination of  adrenergic blockade with phentolamine, 
esmolol and metaraminol were utilised intraoperatively 
during her partial cystectomy. 

The histopathology of  the bladder wall specimen sec-
tions showed a 35 mm × 32 mm well-circumscribed, lob-
ulated, red-brown tumour (Figure 3). Microscopically, the 
tumour was composed of  nests of  cells with eosinophilic 
cytoplasm and round nuclei with vesicular chromatin. It 
was encapsulated with no evidence of  extracapsular inva-
sion and surgical margins were clear (Figure 4). The tu-
mour cells stained positive for chromogranin, patchy for 
S-100 and negative for cytokeratin consistent with urinary 
bladder paraganglioma. 

Further immunohistochemistry on the tumour speci-
men revealed the tumour was negative for succinate 
dehydrogenase subunit B (SDHB). She was subsequently 
discharged and remained asymptomatic at 36 mo of  fol-
low up.

Case report 2
A 58 years old female underwent a routine uneventful 
resection of  bladder mass found during investigation for 
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Figure 1  Computer tomography showing an avidly enhancing mass in the 
left urinary bladder wall.

I-123 MIBG STATIC: 18/05/2011
24 HRS

Rt Anterior Lt                                 Lt Posterior Rt

Rt Anterior Lt                                 Lt Posterior Rt

Figure 2  Iodine-123-meta-iodobenzylguanidine scintiscan showing in-
tense tracer uptake in the left side of the bladder consistent with bladder 
paraganglioma as well as injection artefact in the right cubital fossa. I-123 
MIBG: Iodine-123-meta-iodobenzylguanidine.

Figure 3  Macroscopic view of bladder paraganglioma. The tumour is red-
brown in colour and well-circumscribed.



painless macroscopic haematuria. The histopathology 
of  this mass showed solid nests of  plump epithelial cells 
with granular to foamy cytoplasm and enlarged, moderate 
pleomorphic nuclei. Immunohistochemical staining was 
strongly positive for chromogranin, neuron-specific eno-
lase (NSE), synaptophysin and protein gene product 9.5, 
consistent with a neuroendocrine tumour. On retrospect 
history, she had been taking atenolol and oxazepam for 
her moderate hypertension and anxiety disorder. Given 
that the patient’s younger sister had a history of  poorly 
controlled hypertension, both sisters underwent genetic 
testing and von Hippel Lindau (VHL), SDHB and succi-
nate dehydrogenase screening, but were negative.

Further investigations showed an elevated creatinine 
ratio of  urinary normetanephrine (0.40 mmol/mmol cre-
atinine) and metanephrine (0.13 mmol/mmol creatinine), 
and an increased 24-h excretion of  normetanephrine (3.2 
μmol/24 h). Nuclear imaging study with I-123 MIBG 
scan showed a discrete round focus on the left side of  
the bladder with no further evidence of  metastases.

The patient was commenced on phenoxybenzamine 
and propranolol preoperatively for 2 wk and underwent 
open partial cystectomy and re-implantation of  her left 
ureter. Intra-operatively the patient remained haemody-
namically stable. Histopathology confirmed bladder para-
ganglioma with multiple nodules found predominately 
within the muscularis propria but not extending into the 
peri-vesicle soft tissue and a clear of  the surgical margins. 

The tumour showed focal moderate nuclear pleomor-
phism with no lymphovascular invasion. She remained 
asymptomatic with normal imaging test at 60 m of  fol-
low up.

Case report 3
A 54 years old male renal transplant recipient for end-
stage renal failure (secondary to Alport’s syndrome) 
was referred for investigation of  an asymptomatic blad-
der mass. After having undergone a left sided radical 
nephrectomy for papillary renal cell carcinoma 12 mo 
earlier, this bladder mass was discovered on surveillance 
urinary tract ultrasonography (Figure 5). He underwent 
routine cystoscopy which revealed a submucosal polyp at 
the anterior bladder suspicious for urothelial tumour and 
this bladder “tumour” was completely resected.

Histological examination revealed tumour cells ar-
ranged in nested architecture with circumscribed margin 
and focal areas of  smooth muscle invasion. Interestingly 
the immunohistochemistry staining of  the tumour cells 
were positive for synaptophysin and chromogranin but 
negative for cytokeratin.

The patient subsequently underwent an I-123 MIBG 
scan and metastatic disease was excluded. Serum and uri-
nary catecholamines were negative too. Follow-up flexible 
cystoscopy at 1 year post-resection showed no evidence 
of  disease recurrence.

DISCUSSION
Bladder paraganglioma is rare and accounts for less than 
1% of  all catecholamine secreting neoplasms and only 
0.5% of  all bladder tumours[3]. They are thought to arise 
from embryonic rests of  chromaffin cells within the blad-
der wall and often occur in young women in their second 
to fourth decade of  life[4]. Paragangliomas that secrete 
catecholamine may give rise to clinical presentation simi-
lar to a hyperfunctioning adrenal phaeochromocytoma. 
Episodic symptoms may occur in spells or paroxysms, 
and can be highly variable. The position of  these tumours 
within the bladder results in characteristic symptom com-
plex related to micturition or over-distension of  the blad-
der with catecholamine release. The majority of  patients 
will experience micturition related hypertension, cold 
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Figure 4  Haematoxylin and eosin staining of bladder paraganglioma tumour (A) showing characteristic nests of cells with eosinophilic cytoplasm and 
round nuclei. Chromogranin staining (B) was strongly positive, whilst S100 staining (C) was positive in patches.

Figure 5  Longitudinal and transverse views of a paraganglioma protrud-
ing into the bladder. 
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synaptophysin and negative for cytokeratin. There are 
no definitive characteristics which reliably distinguish be-
nign from malignant tumour, and desmoplastic reaction 
is often absent[12]. The distinction between benign and 
malignant paraganglioma has long been contentious, with 
the only widely accepted and definitive proof  of  malig-
nancy being metastasis to other organs. Some histological 
features such as tumour necrosis, a mitotic rate greater 
than 3/30 high power field, capsular invasion, large nests 
with central degeneration, a lack of  hyaline globules, a 
high nuclear/cytoplasmic ration, monotony of  a cyto-
logical pattern and spindle cells patters are suggestive of  
increased malignant predilection[14]. Immunohistochem-
istry stains are often useful in helping to establish the 
diagnosis and those with SDHB negative-stain may indi-
cate a succinate dehydrogenase subunit-mutated tumour. 
Urothelial carcinoma and carcinoid tumours are positive 
for cytokeratin, while melanoma cells show positivity for 
S100, HMB45 and Melan A stains. 

Complete surgical removal of  the tumour is the treat-
ment of  choice[1,4,6]. If  the paraganglioma is a catechol-
amine secreting tumour, the effects of  excess circulat-
ing catecholamines should be reversed prior to surgical 
extirpation. Combined preoperative α- and β-adrenergic 
blockade are required to control the blood pressure in 
order to prevent intra-operative hypertensive crisis. An 
α-adrenergic blockade should be commenced prior to 
β-adrenergic blockade, to allow for volume expansion 
of  the contracted blood volume and a liberal salt diet 
and adequate hydration are also advised. Once adequate 
α-adrenergic blockade is achieved, β-adrenergic blockade 
can be initiated. Localised tumours can be removed in 
partial cystectomy while transurethral resection is ad-
equate in superficial and small bladder lesion[8]. Postopera-
tive 24 h urinary catecholamine and its metabolites should 
be conducted at week 2 and if  the levels are normal, the 
resection of  paraganglioma is considered complete.

As discussed earlier, malignant phaeochromocytoma 
remains a challenging entity to diagnose and treat. Up to 
15% of  bladder paraganglioma can become metastasis, 
and metastasis is the only reliable indicator of  malig-
nancy. Young age, extensive local disease and micturition 
attacks are risk factors for malignancy while features such 
as vascular invasion, a deeply invasive growth patterns 
and recurrence are often poor prognostic signs. Meta-
static potential is often unclear and thus long-term annual 
follow up is suggested[15]. In patients with metastatic dis-
ease, complete cystectomy and pelvic lymph node dissec-
tion is the preferred option[16]. Nuclear imaging such as 
I-131 MIBG radiotherapy has also been shown to be use-
ful for palliative control of  tumour function in metastatic 
disease, but the current chemotherapy and radiotherapy 
treatment options are limited[17]. 

Bladder paraganglioma is a rare condition and pa-
tients can present with various clinical presentations. Bio-
chemical profiling and nuclear imaging study can assist 
in the identification of  this lesion. Preoperative care with 
volume hydration and adrenergic blockade are often nec-

sweats, palpitations, headaches, dizziness and sweating 
much like the Case 1 in our series[5]. Systemic catechol-
amine secretion occurs with increased bladder pressure 
after bladder contraction, triggering these sympathomi-
metic attacks[6]. These symptoms may also be precipitated 
by defaecation, sexual activity, ejaculation or bladder in-
strumentation. Approximately 55%-60% of  patients will 
also experience painless haematuria, although it is mostly 
microscopic in nature[7]. While hematuria is commonly 
reported in patient with bladder mass, this is not specific 
for paraganglioma. Only a minority of  patients will expe-
rience weight loss, nausea, tremor, postural hypotension, 
syncope, chest pain, blurred vision, laryngismus, high 
blood sugar levels or symptoms associated with catechol-
amine cardiomyopathy[5]. 

Suspected cases of  paragangliomas should first be 
investigated by measuring the level of  catecholamine and 
its metabolites such as metanephrine and vanillylmandelic 
acid secretion in either the blood or urine. The measure-
ment of  serum adrenaline and noradrenaline can be 
costly and is usually unnecessary[8]. The majority of  para-
gangliomas are not hormonally active, thus preoperative 
catecholamine levels maybe normal[1,8]. Bladder paragan-
glioma can often be difficult to distinguish radiologically 
from other bladder lesions[8]. The use of  intravenous 
contrast may precipitates a hypertensive crisis although 
non-ionic contrast is reported to be safe[9]. In contrast to 
the hyperintense T2 signalling on magnetic resonance im-
aging with adrenal phaeochromocytoma, paraganglioma 
is likely to be homogenous on T2 signal[10]. Both I-131 
MIBG and 18F-fluorodeoxyglucose, positron emission 
tomography are useful for localization of  potential meta-
static disease. I-123 MIBG can be used as an alternative 
to I-131 MIBG for accurate preoperative localization of  
small lymph node[11]. 

As many as half  of  the cases of  paraganglioma share 
a genetic basisa and can be related to a number of  heredi-
tary conditions including VHL, neurofibromatosis type 1, 
Carney triad, Multiple Endocrine Neoplasia types 2a and 
2b and familial paraganglioma[1]. Therefore, genetic test-
ing should be offered in cases of  young patient (under 50 
years old) with a positive family history or with history of  
bilateral, extra-adrenal or multifocal phaeochromocyto-
ma, a positive genetic mutation as well as those tumours 
with negative SDHB staining[12]. 

Since paraganglia are distributed throughout the blad-
der wall, paraganglioma can be found in any part of  the 
bladder. These tumours are mostly well circumscribed 
and usually form nodules or small mass. Placing the tu-
mour in a Zenker’s fixative will turn the tumour black; 
a positive chromaffin reaction. Histologically, paragan-
glioma is often misdiagnosed as urothelial carcinoma[13] 
and paraganglioma may mimic high grade urothelial car-
cinoma with a nest pattern. Features of  paraganglioma 
include zellballen architecture where tumour cells are 
arranged into nests and lobules, a delicate fibrovascular 
stroma and eosinophilic cytoplasm. Immunohistochem-
istry is usually positive for NSE, chromogranin and 
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essary to control the blood pressure and to prevent intra-
operative hypertensive crisis. Surgical extirpation remains 
the only cure for these patients and further research into 
this rare condition is warranted. 

COMMENTS
Case characteristic
All patients presented with bladder mass with various clinical symptoms. 
Clinical diagnosis
Bladder paraganglioma is diagnosed through biochemical hormonal profiling 
and nuclear imaging study.
Differential diagnosis
Urothelial cancer, benign bladder lesion.
Laboratory diagnosis
Measurement of catecholamine and its metabolites levels such as metaneph-
rine and vanillylmandelic acid secretion in either the blood or urine.
Imaging diagnosis
Nuclear imaging study using iodine-131-meta-iodobenzylguanidine and 18F-
fluorodeoxyglucose, positron emission tomography.
Pathological diagnosis
Features of paraganglioma include zellballen architecture where tumour cells 
are arranged into nests and lobules, a delicate fibrovascular stroma and eosino-
philic cytoplasm. Immunohistochemistry is usually positive for neuron-specific 
enolase, chromogranin and synaptophysin and negative for cytokeratin.
Treatment
Preoperative care with volume hydration and adrenergic blockade are often 
necessary to control the blood pressure and to prevent intra-operative hyper-
tensive crisis. Surgical extirpation remains the only cure.
Related reports
Bladder paraganglioma is a rare condition and patients can present with vari-
ous clinical presentations. Malignant phaeochromocytoma remains a challeng-
ing entity to diagnose and treat, and further research into this rare condition is 
warranted. 
Experiences and lessons
This case series highlights the various clinical presentation of bladder paragan-
glioma and provides a clinical review of the current literature on management of 
this rare condition. 
Peer review
This is a well-written report of three cases of bladder paraganglioma. Bladder 
paraganglioma is very rare. Their pathological diagnosis is quite proper and 
clinical practice is also well-summarized.
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let activation and dysfunction, haemodilution, surgical 
trauma, hepatic decompensation and hypothermia. 
Management can be further complicated by right heart 
dysfunction, porto-pulmonary hypertension, poor myo-
cardial protection, and hepato-renal syndrome. Com-
plex interactions between coagulation/fibrinolysis and 
systemic inflammatory response syndrome reactions 
like “post-perfusion-syndrome” also compound haemo-
static failure. Given the limited information available for 
the specific management and prevention of cardiopul-
monary bypass-induced haemostatic failure, this report 
serves to guide the anaesthesia and medical manage-
ment of future cases of a similar kind. We discuss our 
multimodal management of haemostatic failure using 
pharmacological strategies, thromboelastography, con-
tinuous cerebral and liver oximetry, and continuous 
cardiac output monitoring. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Cardiac surgery in patients with advanced 
liver disease is associated with significant morbidity 
and mortality. Refractory coagulopathy is common 
and requires a proactive multidisciplinary haemostatic 
management strategy. Given the limited information 
available for the specific management and prevention 
of cardiopulmonary bypass induced haemostatic failure, 
this report serves to guide the anaesthesia and medi-
cal management of future cases of a similar kind. We 
discuss our multimodal management of haemostatic 
failure using pharmacological strategies, thromboelas-
tography, continuous cerebral and liver oximetry, and 
continuous cardiac output monitoring. 
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Abstract 
Redo-sternotomy and aortic valve replacement in pa-
tients with advanced liver disease is rare and associ-
ated with a prohibitive morbidity and mortality. Refrac-
tory coagulopathy is common and a consequence of 
intense activation of the coagulation system that can 
be triggered by contact of blood with the cardiopulmo-
nary bypass circuitry, bypass-induced fibrinolysis, plate-
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INTRODUCTION
Redo-sternotomy and aortic valve replacement (AVR) in 
patients with advanced liver disease is rare and associated 
with a prohibitive morbidity and mortality. Refractory 
coagulopathy is common and a consequence of  intense 
activation of  the coagulation system that can be triggered 
by contact of  blood with the cardiopulmonary bypass 
(CPB) circuitry, CPB-induced fibrinolysis, platelet activa-
tion and dysfunction, haemodilution, surgical trauma, 
hepatic decompensation and hypothermia. Management 
can be further complicated by right heart dysfunction, 
porto-pulmonary hypertension, poor myocardial protec-
tion, and hepato-renal syndrome. Complex interactions 
between coagulation/fibrinolysis and systemic inflam-
matory response syndrome (SIRS) reactions like “post-
perfusion-syndrome” also compound haemostatic failure. 

We present a patient with critical aortic stenosis who 
underwent redo-sternotomy and AVR prior to being 
listed for orthotopic liver transplantation. In this context, 
there is little information on the specific management of  
CPB-induced haemostatic failure. Therefore, we discuss 
our multimodal management of  haemostatic failure using 
pharmacological strategies, thromboelastography (TEG), 
continuous cerebral and liver oximetry, and continuous 
cardiac output monitoring. 

CASE REPORT
A 46-year-old male (weight 68 kg, height 183 cm) pre-
sented to our institution with acute pulmonary oedema 
secondary to severe aortic stenosis. The patient con-
sented for a redo-sternotomy and AVR, with an esti-
mated perioperative mortality of  50%. Previous cardiac 
history included open valvotomy via median sternotomy 
for a congenital calcified bicuspid aortic valve at age 6. 
The patient had a 10-year history of  chronic liver disease 
secondary to alcohol abuse, with a Child Pugh Score of  
8 (Child Class B), and a Model for End-Stage Liver Dis-
ease (MELD) Score of  12. The liver disease was further 
complicated by severe portal hypertension with ascites, 
thrombocytopaenia, oesophageal varices and portal hy-
pertensive gastropathy. Two years prior, he underwent 
an emergency laparotomy for bleeding umbilical varices, 
which required intensive care unit (ICU) admission and 
an 8-unit red blood cell transfusion for hemorrhagic 
shock.

On this admission a transthoracic echocardiogram 
revealed preserved systolic left and right ventricular 
function, a severely calcified bicuspid valve (aortic valve 
area: 0.7 cm2; mean aortic valve pressure gradient of  60 
mmHg), moderate aortic regurgitation, mild mitral regur-
gitation, moderate pulmonary hypertension and a dilated 

ascending aorta (5.4 cm). Other cardiovascular risk fac-
tors included IgA nephropathy (creatinine 110 μmol/L, 
estimated glomerular filtration rate 73 mL/min per 1.73 
m2). There was no history of  smoking or diabetes. The 
pulmonary oedema settled with conservative medical 
therapy. A coronary angiogram and right heart catheter 
study revealed no occlusive coronary artery disease, with 
a cardiac index of  3.4 L/min per square meter and a 
pulmonary artery pressure of  71/30 mmHg (mean 33 
mmHg). Preoperative investigations including TEG are 
summarised in Tables 1-3. A detailed perioperative hae-
mostatic coagulation strategy was formulated by a team 
composed of  anaesthetist, haematologist, cardiac surgeon 
and intensivist.

The day before surgery, terlipressin [1 mg intravenous 
(iv) every 6 h] was commenced. Prior to induction of  
anaesthesia, an 8-French Rapid Infuser Catheter (Arrow) 
was inserted into each arm. Invasive monitoring included 
a 20 Gauge arterial line, 4-lumen central venous catheter, 
continuous cardiac output and continuous mixed venous 
oximetry measured with a fiberoptic pulmonary artery 
catheter (Edwards Lifesciences, Irvine CA) (Figure 1). 
External defibrillator pads were applied as a safety pre-
caution. Bispectral index monitoring and cerebral and 
hepatic tissue oxygenation (Invos, Somanetics®) were 
measured with a cerebral/somatic oximeter, by placing 
disposable transducers over the right and left forehead 
(Figure 1), and on the skin overlying the lower right cos-
tal margin (Figure 2). The oximeters provided real-time 
monitoring of  brain and liver oxygen saturations, measur-
ing oxygen consumption and delivery. This allowed for 
detection and correction of  cerebral and hepatic oxygen 
desaturation to optimise haemodynamic intervention. 
Tranexamic acid (1 g iv load then 500 g/h infusion) was 
commenced to minimize fibrinolysis during and after 
CPB. Octreotide (100 mcg bolus, then 25 mcg/h) was 
commenced to control portal hypertension and minimise 
hepatic ischaemia reperfusion injury from CPB. Vanco-
mycin (1 g iv) and ceftriaxone (1 g iv) were administered 
for antimicrobial prophylaxis. 

Redo-sternotomy was performed using an oscillating 
saw while lifting up the sternal wires. Dense adhesions 
of  the right ventricle and posterior table of  the sternum 
precluded access to the heart for central venous cannula-
tion. Consequently, the femoral artery and vein were can-
nulated and the venous cannula carefully positioned using 
transoesophageal echocardiography guidance in the right 
atrium. After careful dissection around the heart and full 
heparinisation, the standard on-pump AVR technique 
was applied. A second venous cannula was added via the 
superior vena cava to the venous circuit to allow venous 
drainage, further minimizing hepatic congestion. After 
aortic cross clamp, pulsatile CPB was established, com-
plete with haemofiltration to prevent fluid overload and 
maintain electrolyte neutrality. During CPB the patient 
was severely vasoplegic requiring escalating doses of  nor-
adrenaline (20 μg/min iv) and vasopressin (0.4 IU/min 
iv) to maintain a mean arterial pressure of  50 mmHg. 
Optimal pump flow rates and vasopressor use were 
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respectively. A 25 mm Mitroflow® aortic pericardial valve 
(Sorin, Milan, Italy) was inserted without complication.

Prior to separation from CPB, a rewarming hepari-
nase TEG was performed (Table 1, Figure 5). Desmo-
pressin acetate (0.3 mcg/kg iv over 20 min) was adminis-
tered to increase the plasma levels of  factor Ⅷ and von 
Willebrand factor to minimize post-operative blood loss. 
Based on the rewarming TEG (Table 2 and Figure 5), 
fresh frozen plasma (15 mg/kg) was added to the CPB 
circuit to avoid volume overload and right ventricular 
distension during bypass separation. Glyceryl trinitrate (5 
μg/min iv), and frusemide (20 mg iv) were administered 
to further reduce right ventricular preload and hepatic 
congestion. 

After successful separation from CPB, haemostatic 
management focused on minimizing intraoperative bleed-
ing and maintaining normothermia. Protamine (500 mg 
iv) was given to reverse the effects of  heparin and correct 
activated clotting time to baseline values, followed by two 
bags of  pooled platelets and iv administration of  concen-
trated fibrinogen (4 g iv) (Riastap®, iv Behring, Australia). 
The dose of  fibrinogen was calculated according to the 
patient’s body weight (68 kg) and his estimated blood 
volume (4.8 L). Based on a preoperative haemoglobin of  
9.8 g/L, a haematocrit of  30% of  plasma volume (3.4 L), 
and a preoperative fibrinogen level of  2.5 g/L, we calcu-
lated that a dose of  4 g of  fibrinogen would be needed to 
increase plasma fibrinogen levels by an estimated 1.2 g/L. 
With haemodilution on bypass, we expected the fibrino-
gen to fall by approximately 1-1.5 g/L. Following admin-
istration of  concentrated fibrinogen, a heparinase TEG 
revealed significant prolongation of  the R-time, con-
firming an underlying coagulopathy (Figure 5). Human 
prothrombin complex® (500 IU iv bolus, then 100 IU/h 
iv infusion) (CSL Behring, Australia) was administered, 
which corrected the R-time and improved haemostasis 
(Figure 5). Calcium chloride (1-2 g iv) was also adminis-
tered. The total CPB time was 141 min and aortic cross-
clamp time 61 min. Temporary epicardial pacing wires 
were not used to avoid the small risk of  cardiac bleeding 
on wire removal additional. A topical haemostatic matrix 
(FLOSEAL™, Baxter, Pty) was used to control bleeding 

guided by cerebral and liver oximetry. There was excellent 
correlation between cardiac output, mixed venous satura-
tions and cerebral and liver oximetry throughout the case 
(Figures 3 and 4). In response to progressive refractory 
vasoplegia, methylene blue (1 mg/kg iv) was adminis-
tered, which rapidly re-established an acceptable mean 
arterial pressure. The noradrenaline and vasopressin re-
quirements were weaned to 3 μg/min and 0.05 IU/min 
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Table 3  Perioperative renal function and liver function tests

Ref. ranges Pre-op Arrival in ICU Day 1 post op

Urea (mmol/L) 3.2-7.3  8.72           6.3  7.62

Creatinine (μmol/L)   62-106 1102 91 1252

Albumin (g/L) 35-52  31  251  36
Globulins (g/L) 25-35   462  191   201

Bilirubin (μmol/L) < 18  40  352   472

ALP (IU)   40-130  99 51  49
ALT (IU) < 41  30 21  22
GGT (U/L) < 60 1002 40  40

1Value below reference range; 2Value above reference range. ICU: Inten-
sive care unit; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; 
GGT: Gamma-glutamyl transpeptidase.

Figure 1  Monitoring used for redo-stenotomy and aortic valve replace-
ment. A: Cerebral oximeter (Invos, Somanetics®); B: Bispectral index; C: 9 
French Internal jugular sheath; D: Continuous cardiac output and mixed venous 
oximetry measured with a fiberoptic pulmonary artery catheter (Edwards Life-
sciences, Irvine CA); E: 4-lumen central venous catheter.

A
B

C
D
E

Figure 2  Hepatic tissue oxygenation measured by positioning an oxim-
etry disposable transducer between the ribs and over the liver. A: Hepatic 
oximeter (Invos, Somanetics).

A

Figure 3  Intraoperative continuous cardiac index and mixed venous 
oxygenations tracings measured from the pulmonary artery catheter dis-
played on a Vigilance™ Monitor (Edwards Lifesciences, Irvine CA). ICU: 
Intensive care unit; CPB: Cardiopulmonary bypass; CCI: Continuous cardiac 
index.
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from the suture lines, and thrombin dried powder (GEL-
FOAM®, Baxter, Pty) was applied to the bone marrow of  
the sternum, which allowed sternal closure with minimal 
bleeding. Mediastinal and bilateral pleural drains were 
placed so that volume losses could be measured in ICU, 
and collection of  blood around the heart avoided during 
the postoperative period. 

In ICU, the octreotide (25 mcg/h iv) and prothrom-
binex (100 IU/h iv) infusions were continued for 8 h. 
Haemodynamic stability was maintained and the nor-
adrenaline and vasopressin infusions weaned after 6 h, 
and the patient was extubated. Terlipressin (1 mg iv) was 
continued every 6 h for a further 24 h. The patient was 
transferred to the ward the following day, and discharged 
home ten days later without complications. There were 
no further requirements for coagulation or blood product 
intervention. Postoperatively, renal, haematological and 
liver function tests remained stable, and are summarised 
in Tables 1-3. 

Three months post discharge, and at the time of  writ-
ing, the patient continues to make satisfactory cardiac 
progress and is currently awaiting liver transplantation.

DISCUSSION
This case illustrates that redo-sternotomy and aortic valve 
AVR in the setting of  advanced liver disease is feasible 
but requires careful planning. The central management 
decisions for such cases include to either (1) replace the 
valve first and then proceed with liver transplantation at a 
later date; (2) offer a combined procedure, i.e., AVR and 
liver transplantation simultaneously; and (3) proceed with 
liver transplantation first, and then replace the valve at a 
later stage. In the case described here, after extensive mul-
tidisciplinary discussion a consensus was reached that the 
risks of  liver transplantation in the setting of  uncorrected 
symptomatic severe aortic stenosis were prohibitive. In 

view of  the bicuspid valve and dilated ascending aorta, a 
transcatheter AVR was not a consideration. A combined 
AVR and liver transplant was considered but there were 
concerns that there may be further cardiac decompensa-
tion during the waiting period. Given that the patient was 
progressively symptomatic, a redo-sternotomy and AVR 
was considered to afford the best chance of  survival, 
with activation for liver transplantation initiated at a later 
stage if  the outcome was successful. 

As shown in this case, redo cardiac surgery provides 
several technical challenges that distinguish it from pri-
mary cardiac surgery. These obstacles include repeat ster-
notomy, injury to the heart during dissection, quality and 
availability of  conduits if  required, a calcified ascending 
aorta, and more-advanced coronary disease involving the 
native vessels. As a result, operative mortality in most re-
operations is 3 to 5 times that for a primary AVR. Adding 
in the ensuing complications of  advanced liver disease, 
perioperative mortality increases with an estimated peri-
operative risk of  mortality of  50%[1]. Each patient’s con-
dition and presentation is unique, and thus requires indi-
vidualized management delivered by a multidisciplinary 
team. Consideration must be given to the sequence of  
procedures, cardiac surgical technique, and management 
of  anticoagulation.

Combined cardiac and liver transplantation was first 
reported by Starzl et al[2] in 1984, but has remained un-
common because of  the unique medical and surgical 
challenges it poses . In two descriptive reports of  out-
comes in patients with advanced liver cirrhosis undergo-
ing cardiac surgery[3,4], hepatic decompensation, respirato-
ry and renal failure, gastrointestinal haemorrhagic events, 
sepsis and mediastinitis were among the most common 
postoperative complications. The association of  MELD 
scores and Child-Turcotte-Pugh classification, and ad-
verse outcomes is less clear. In the study by Filsoufi et 
al[4], mortality rate increased significantly according to the 
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Figure 4  Cerebral and hepatic tissue oxygenation tracings measured with a cerebral/somatic oximeter (Invos Somanetics®) throughout the surgery and 
during cardiopulmonary bypass. ICU: Intensive care unit; CPB: Cardiopulmonary bypass.
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Child-Turcotte-Pugh classification (class A, 10%; B, 18%; 
and C, 67%). The reported mortality of  redo cardiac 
surgery was approximately 50%[3]. Similarly, the rate of  
complications was higher in class B (50%) and C (100%) 
compared to class A (20%). Suman et al[5] reported that a 
cutoff  Child-Pugh score > 7 had a sensitivity and speci-
ficity of  86% and 92% for mortality, although there was 
no association between mortality and MELD scores. In 
contrast, Morimoto et al[3] reported that Child-Pugh class 

score did not correlate with hospital mortality, although 
MELD score was significantly higher in patients who 
died immediately post cardiac surgery. To date, there have 
been several reports of  combined AVR and liver trans-
plantation[6]. Postoperative outcomes are variable; the 
majority of  cases have been successful however, mortality 
due to clotting disturbances has also been reported. As a 
result, careful preoperative preparation must be conduct-
ed in such highly complex cases to prevent catastrophic 
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Pre-induction
of anaesthesia

During CPB

Rewarming

After separation
from CPB

Prior to transfer 
to ICU

(1) Pre-med: morphine intramuscular 15 mg
(2) 3 L central venous catheter, continuous pulmonary artery 
catheter, 8-f rapid infuser catheter peripheral access
(3) Tranexamic acid iv : 1 g load then 500 g/h infusion to stop at 
surgical closure
(4) Octreotide iv  100 mg bolus intravenous, followed after 2 h by a 
continuous infusion of 25 mg/h for 12 h
(5) Terlipressin iv  1-2 mg administered every 6 h for 12
(6) Vancomycin iv  1 g/ceftriaxone 1 g iv  antibiotic prophylaxis

(1) TOE guidance of venous lines to ensure excellent drainage 
and minimal hepatic congestion
(2) Pulsatile flow
(3) Haemofiltration
(4) Noradrenalin commenced for vasoplegia
(5) Vasopressin iv  0.1-0.4 IU/min commenced for vasoplegia
(6) Methylene blue iv  1.5 mg/kg administered for refractory 
vasoplegia unresponsive to above

(1) DDAVP iv : 0.3 μg/kg over 20 min
(2) 4 unit FFP directly into the CPB circuit ensuring ACT > 600 s 
haemofiltering and removing fluid to minimise increasing portal 
pressures and unnecessary volume load when separating from 
CPB
(3) Glyceryltrinitrate iv  5 μg/min to reduce preload to right 
heart pressures and minimise hepatic congestion
(4) Calcium chloride 1-2 g

(1) Protamine iv  500 mg, guided by ACT
(2) Concentrated fibrinogen: 4 g
(3) Prothrombinex iv  500 IU load followed by 100 IU/h infusion
(4) Platelets: 2 pooled bags (10 units)
(5) Frusemide iv  20 mg

   (1) Octeotide iv  25 mg/h for 6-12 h
   (2) Terlipressin iv  1-2 mg 4-h for 12-24 h
   (3) Prothrombinex at 100 IU/h for 6-12 h

If bleeding still refractory: consideration of:
   (1) ± Cryoprecipitate 1 bag per 10 kg body weight
   (2) ± Recombinant activated factor Ⅶ (45-90 μg/kg) if ongoing 
   haemostatic failure observed
   (3) Additional products based on clinical picture, TEG and 
   laboratory coagulation results

Figure 5  Perioperative thromboelastrography tracings observed in this case with corresponding haemostatic management action or planned strategy. 
DDAVP: Desmopressin acetate; FFP: Fresh frozen plasma; CPB: Cardiopulmonary bypass; TEG: Thromboelastography; TOE: Transoesophageal echocardiography; 
IV: Intravenous; ACT: Activated clotting time.
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outcomes.
As seen in this case, a common yet serious complica-

tion of  CPB is vasoplegic syndrome, a post-perfusion 
syndrome characterised by low systemic vascular resis-
tance, significant hypotension, and a high cardiac output. 
It has an incidence of  5%-25% and a mortality rate as 
high as 25%[7]. In this case, we used the standard first line 
vasoactive treatment (noradrenaline and vasopressin) to 
maintain a mean arterial pressure of  50 mmHg[8]. Howev-
er methylene blue was required during CPB to reduce the 
severity of  vasoplegia. Use of  methylene blue had been 
used effectively for the treatment of  refractory vasoplegia 
in two randomised control trials[9,10], acting through its in-
hibitory effect on cyclic guanosine 3’,5’-monophosphate-
mediated vasodilatation. Despite restoring vascular tone 
intraoperatively, discontinuation of  vasopressin has been 
associated with postoperative refractory vasoplegia, 
therefore in the case described here, vasopressin was for 
continued for 6 h postoperatively. 

AVR performed in the context of  advanced liver dis-
ease added an additional layer of  complexity in prevent-
ing further decline of  hepatic and renal function. The 
patient’s history of  significant portal hypertension justi-
fied the use of  both terlipressin and octreotide to prevent 
variceal beeding[11-13]. Terlipressin has also been shown 
to improve hepatorenal syndrome, thought to be due to 
arteriolar vasoconstriction in the splanchnic area, which 
was an important consideration for the patient’s underly-
ing IgA nephropathy. Its effects are mediated via V1 re-
ceptors on vascular smooth muscle[13]. In animal models, 
octreotide has been shown to improve hepatic ischaemia-
reperfusion injury by down-regulating inflammatory 
cytokines (tumor necrosis factor alpha and interleukin-1 
beta) and inhibition of  hepatocellular apoptosis[14], and in 
this case, served an added benefit when separating from 
bypass.

Coagulopathy is a frequent occurrence during CPB 
and is due to a number of  factors including excessive 
fibrinolysis, platelet dysfunction, coagulation factor con-
sumption, and coagulation factor dilution from intravas-
cular volume replacement. We used a variety of  multi-
modal pharmacological agents to prevent intraoperative 
and postoperative bleeding. Hypofibrinogenemia is 
common in cardiac surgery, which was minimized preop-
eratively with tranexamic acid, and intraoperatively with 
concentrated fibrinogen[15,16]. Desmopressin acetate[17,18], 
Human Prothrombin-X complex[19] and protamine were 
also implemented as described previously.

In this case, we employed several haemostatic and 
haemodynamic monitoring methods to guide our man-
agement. TEG, commonly used in cardiac surgery, is 
a useful tool in denoting a patient’s clotting profile at 
landmark time points to influence specific pharmacologic 
decisions[20,21]. Figure 5 summarizes consecutive TEG 
readings and the subsequent interventions undertaken. It 
should also be noted that TEG requires trained person-
nel to operate and therefore poses as a limiting factor for 
its use[20]. Additional haemodynamic monitoring included 
pulmonary artery catheter sampling of  mixed venous 

blood (SvO2) and tissue oximetry. Intraoperatively, we 
were primarily concerned about the key factors that 
influence oxygen delivery, namely haemoglobin, oxygen-
ation, and cardiac output. Continuous liver, cerebral and 
mixed venous oximetry enabled immediate detection of  
adverse changes, prompting correction and subsequent 
visualization of  improvements of  haemodynamic trends. 
Continuous recordings of  cardiac output and global oxy-
genation status are presented in Figure 3. The brain and 
liver tissue oxygenation tracings are shown in Figure 4. 
In the context of  low liver oximetry, in addition to the 
aforementioned factors that influence tissue oxygenation, 
hepatic congestion secondary to the outflow obstruction 
was also carefully monitored. Then, depending on the 
determined underlying cause, suitable corrections were 
made in the form of  red cell transfusion, adjustment 
pump flow rates, and ensuring adequate venous drainage 
at all times. Although hepatic oximetry is predominantly 
used in the paediatric setting[22,23], we justified its use to 
intensively monitor the already compromised liver, and 
guide therapy as above. Interestingly, the liver oximeter 
tracing tracked the cerebral oximeter tracing very ac-
curately (Figure 4), providing reassurance of  continual 
intact hepatic perfusion.

In conclusion, we report a case of  AVR in a patient 
with advanced liver disease. Given the limited informa-
tion available for specific management and prevention 
of  haemostatic failure, this report serves to guide future 
cases of  a similar kind.

COMMENTS
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A 46-year-old male with a history of chronic liver disease secondary to alcohol 
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valve area of 0.7 cm2; mean aortic valve pressure gradient of 60 mmHg with 
moderate pulmonary hypertension.
Treatment
The patients underwent redo-aortic valve replacement requiring aggressive 
haemostatic therapy for coagulopathy and refractory vasoplegia. 
Related reports
Combined cardiac surgery in patients with advanced liver disease. 
Experiences and lessons
Cardiac surgery in patients with advanced liver disease is associated with 
significant morbidity and mortality. Refractory coagulopathy is common and 
requires a proactive multidisciplinary haemostatic management strategy.
Peer review
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with critical aortic stenosis and advanced liver disease who underwent redo-
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sternotomy and aortic valve replacement prior to being listed for orthotopic liver 
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management is warranted which requires clinical vigi-
lance and an intensive microbiological workup. Clinicians 
should be aware of isolated liver abscess caused by B.  
pseudomallei  in appropriate clinical settings.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver abscess; Diabetes; Burkholderia pseu-
domallei ; Emerging infection; India

Core tip: Liver abscess due to Burkholderia pseudomal-
lei  (B.  pseudomallei ) is extremely rare and is mostly 
reported from Taiwan. In India, most of the reports of 
are from southern coastal India and this entity is ex-
ceedingly rare in eastern India. The actual magnitude 
of this emerging infection may be under reported due 
to non-availability of confirmatory tests. Accurate diag-
nosis is necessary as outcome is fatal with ineffective 
treatment. We report a case of multiple liver abscesses 
caused by B.  pseudomallei  in a 29-year-old diabetic 
male, who was referred as a case of recurrence of 
pyogenic liver abscess which was previously caused by 
pseudomonas not responding to antibiotic therapy and 
aspiration. Diagnosis was made by imaging and culture 
of aspirated pus revealed B.  pseudomallei  and he was 
treated successfully with surgical drainage and pro-
longed course of intravenous and oral antibiotics. So, 
in a case of pyogenic liver abscess not responding to 
conventional antibiotics, B.  pseudomallei  should always 
be thought as a possibility which can be identified by 
its characteristic appearance on culture and microscopy 
or direct immunofluorescence testing as well as unique 
imaging features.
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Abstract
Pyogenic liver abscess is a common entity in Indian 
subcontinent and is mostly caused by gram negative 
bacteria. Melioidosis is not commonly seen in India 
and only a few cases are reported. It can give rise to 
multiple abscesses at different sites including liver. We 
report a case of isolated liver abscess caused by Burk-
holderia pseudomallei  (B.  pseudomallei ) in a 29-year-
old recently diagnosed diabetic, immunocompetent 
male. Diagnosis was made by imaging and culture of 
pus aspirated from the abscess and he was treated 
with percutaneous pigtail catheter drainage followed by 
antibiotics (meropenem and trimethoprim-sulphmethox-
azole). Melioidosis is an emerging infection in India and 
has high mortality rate, so early diagnosis and prompt 
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INTRODUCTION
Liver abscess is the commonest intra-abdominal abscess, 
which may be of  biliary tract origin (commonest) or 
hematogenous spread from a distant site, and rarely 
traumatic. Pyogenic liver abscess is a rare but potentially 
lethal condition, with a reported incidence of  20 per 
100000 hospital admissions in a western population[1]. 
Both gram positive and gram negative aerobes and anaer-
obes have been found on culture of  aspirated pus, among 
them Escherichia coli (E. coli) is cultured most frequently in 
Western countries[2] and Klebsiella in Asian countries[3]. 

Burkholderia pseudomallei (B. pseudomallei), a category Ⅱ 
bioterrorism agent, is the causative organism melioidosis 
and is endemic in Southeast Asia and northern Australia[4]. 
B. pseudomallei is found in soil and water and infection oc-
curs by inoculation, inhalation, or ingestion[4]. Melioidosis 
is most commonly known to present as pneumonia fol-
lowed by abscesses in the skin. Abscesses in internal or-
gans like spleen, kidney, prostate and liver have also been 
reported as part of  disseminated disease. Isolated liver 
abscess in melioidosis is a rare clinical condition. 

Cases of  melioidosis have been reported from south-
ern coastal part of  India, but melioidosis causing liver 
abscess is rare. In cases of  liver abscess not responding to 
conventional anti-microbial the possibility of  melioidosis 
should always be kept in mind. Because of  high relapse 
and mortality rate, early diagnosis and prolonged treat-
ment is a must in this case.

CASE REPORT
A 29-year-old male was referred to us with high grade 
fever for 20 d and cough for 2 wk. He had no history 
of  tuberculosis, foreign travel or animal exposure and is 
farmer by occupation. He had a pyogenic liver abscess by 
Pseudomonas aeruginosa along with pancytopenia about one 
year back. On admission patient was toxic with high grade 
fever (37.7 ℃-39.4 ℃) with a pulse rate of  126/min and 
blood pressure of  100/76 mmHg. Liver was enlarged, 
tender with a liver span of  15 cm and spleen was just pal-
pable. There was no free fluid in abdomen clinically.

Investigations revealed hemoglobin 10.3 gm/dL, total 
leucocyte count of  9400/μL, neutrophil 88%, lympho-
cyte 10%, eosinophil 2% and platelet count of  175 × 
109/μL. Fasting plasma glucose was 164 mg/dL and 
HbA1c was 8.1%. So he was newly diagnosed of  having 
diabetes mellitus and started on treatment with insulin. 
Renal function and liver function tests were within nor-
mal limits. Human immunodeficiency virus serology was 
negative. Acid fast bacilli were not found in sputum and 
sputum culture showed no growth of  any pathogenic 
organism. Chest radiograph showed elevation of  right 
dome of  diaphragm (Figure 1A). Abdominal ultrasound 
revealed hepatomegaly with a large hypoechoic space oc-
cupying lesion (88 mm × 91 mm) in right lobe of  liver 
with splenomegaly. Contrast enhanced computed tomog-
raphy of  abdomen showed hepatomegaly with loculated 
hypodense lesion (8.5 cm × 7.4 cm) in the anterior part 

of  right lobe (Figure 1B), and multiple small hypodense 
lesions with confluence in the posterior part of  right lobe 
(Figure 1C). Pus was aspirated from the abscess which 
on culture showed dry, wrinkled colonies (Figure 2A) on 
5% sheep blood agar and McConkey’s agar after 48 h 
of  incubation at 37 ℃. Gram-negative, oxidase-positive, 
motile, aerobic bacilli with typical bipolar “Safety pin” 
appearance (Figure 2B) was seen on gram stain sugges-
tive of  B. pseudomallei, which was identified by Vitek 2 
compact system. Culture sensitivity was done, which was 
sensitive to ceftazidime, piperacillin-tazobactum, merope-
nem, trimethoprim-sulphmethoxazole and minocycline.

Patient was treated with percutaneous catheter drain-
age, antibiotics and strict glycemic control. Intravenous 
meropenem was continued for two weeks followed by 
trimethoprim-sulphmethoxazole for 20 wk after which 
follow up computed tomography (CT) scan showed com-
plete resolution of  the liver abscess.

DISCUSSION
Liver abscess is a common entity in India; among which 
pyogenic liver abscess is a rare variety. Ascending infec-
tion from biliary tract is the most common cause, fol-
lowed by hematogenous spread[4]. E. coli, is the most 
often cultured bacteria, accounting for about 33% of  the 
cases followed by streptococcal group[5].

Melioidosis varies from asymptomatic infections 
and localized skin abscess without systemic illness to 
fulminant diseases with abscesses involving lungs and 
other internal organs especially when the host immunity 
is compromised. Cases of  isolated liver abscess are not 
very common and rarely reported. It is an environmen-
tal saprophyte and is endemic in Southeast Asia and 
northern Australia. In India it is found in southern parts 
in the states of  Karnataka, Tamil Nadu, Kerala and Ma-
harastra[6]. Twenty eight cases of  septicemic melioidosis 
were reported from a tertiary care hospital in south India 
between 1993 and 2002[7] and it is an emerging infection 
in India. Liver abscess caused by B. pseudomallei is rare 
and only 9 cases have been reported in India[6,8-10] till now, 
and few cases have been reported in Taiwan[11-13]. Gopal-
akrishnan et al[14], in a series of  32 cases of  culture proven 
Melioidosis found localized infections in 14 patients but 
did not encounter even a single case of  liver abscess.

The most important risk factors are diabetes, renal 
disease, liver cirrhosis, thalassemia, alcoholism, use of  
immunosuppressive agents, cystic fibrosis and kava (a 
Hawaiian drink) consumption[15]. The presenting symp-
toms may vary from fever, dry cough due to irritation of  
diaphragm by abscess, abdominal pain, localized swelling 
to septicemia shock. Lung is most commonly involved 
in melioidosis. Abscess in other internal organs such as 
liver and spleen may be a presenting feature in an im-
munocompromised host. The risk factor for our patient 
was diabetes but isolated liver abscess without any other 
organ involvement has seldom been reported previously. 

A positive culture of B. pseudomallei from the aspirated 
pus from liver abscess is the definitive diagnosis. It is 
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difficult to differentiate B. pseudomallei from other gram 
negative bacilli. Direct immunofluorescence microscopy 
is 98% specific and 70% sensitive compared to culture[7]. 
Chest radiograph may show elevation of  right dome of  
diaphragm as in our case. CT scan findings will include 
liver abscesses with a “honeycomb” pattern of  multisep-
tate, multiloculated lesions and a “necklace sign” with 
multiple peripheral radial loculations contained within the 
larger hypodense honeycomb lesions[16]. These findings 
were shown in a retrospective study in a small number of  
cases of  liver abscess with melioidosis.

B. pseudomallei is characteristically resistant to penicillin 
other than ureidopenicillins, ampicillin, first- and second-
generation cephalosporins, gentamicin, tobramycin, strep-
tomycin and macrolides. It is only susceptible to chloram-
phenicol, tetracyclines, trimethoprim-sulfamethoxazole, 
ureidopenicillins, third-generation cephalosporins, car-
bapenems and amoxicillin-clavulanate[14]. The antibiotic 
of  choice for melioidosis is ceftazidime (40 mg/kg every 
8 h)[17]. Imipenem or intravenous amoxicillin-clavulanate 
is the alternative choices[18]. Parenteral antibiotics should 
be continued for at least 10-14 d, or until patient is able 
to take oral medications. Oral maintenance therapy for at 
least 20 wk with amoxicillin-clavulanate (amoxicillin 27 
mg/kg per day divided into three doses) or trimethoprim-

sulfamethoxazole (trimethoprim 8 mg/kg per day and 
sulfamethoxazole 40 mg/kg per day) should be given in 
patients with abscess for complete resolution[14]. Patients 
need to be followed up for at least 6 mo after complete 
resolution of  abscess. 

In conclusion, E. coli is the commonest cause of  pyo-
genic liver abscess in India, but B. pseudomallei should 
also be kept in mind because of  its rising incidence and 
misdiagnosis can lead to treatment failure and high mor-
tality rate. Diabetes and immunosuppressed state are the 
important risk factors. Prolonged treatment with antibi-
otic is necessary for complete resolution in B. pseudomallei 
liver abscess. Liver abscess in a diabetic not responding 
to aminoglycosides and penicillins should be dealt with 
rigorous attention or otherwise the outcome will be fatal.

COMMENTS
Case characteristics
A 29-year-old farmer presented with high grade fever and cough for 3 wk.
Clinical diagnosis
High grade pyrexia, tachycardia, just palpable splenomegaly and tender hepa-
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Differential diagnosis
An infectious etiology common in tropical countries such as pyogenic liver 
abscess, malaria, tuberculosis and an immunocompromised state [e.g., human 
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Figure 1  Computed tomography. A: Chest radiograph shows elevation of right hemi-diaphragm; B: Contrast enhanced computed tomography of upper abdomen 
shows one loculated hypodense lesion (8.5 cm × 7.4 cm) with irregular inner margin noted in the right lobe of liver (black arrow); C: Multiple small hypodense lesions 
with confluences also seen in posterior part of right lobe.

Figure 2  Identification of bacteria. A: Showing dry wrinkled colonies on 5% sheep blood agar (48 h of incubation at 37%). Inset: colonies in enlarged view; B: Gram 
negative oxidase positive bacillus with typical bipolar “safety-pin” appearance on gram stain (black arrow).
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lactam antibiotics and antibiotic combinations using time-
kill studies. J Antimicrob Chemother 1994; 33: 145-149 [PMID: 
7512547 DOI: 10.1093/jac/33.1.145]
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immunodeficiency virus (HIV)] have been considered.
Laboratory diagnosis
Mild anemia, neutrophilia, fasting hyperglycemia, raised glycosylated hemoglo-
bin was present whereas sputum for Acid-fast bacilli, HIV serology, blood for 
malaria parasite were negative.
Imaging diagnosis
Chest X-ray, abdominal ultrasound and abdominal contrast enhanced computed 
tomography were done which showed elevated hemidiaphragm on X-ray and 
hypodense loculated lesion in right lobe of liver on ultrasound and tomography.
Pathological diagnosis
Aspirated pus from the abscess inoculated on 5% sheep blood agar and 
McConkey’s agar showed gram-negative, oxidase-positive, motile, aerobic 
bacilli with typical bipolar “Safety pin” appearance on gram stain sug-
gestive of Burkholderia pseudomallei (B. Pseudomallei), later confirmed 
via automated Vitek-2 compact system and was sensitive to ceftazidime, 
piperacillin-tazobactum, meropenem, trimethoprim-sulphmethoxazole and 
minocycline.
Treatment
Patient was treated with percutaneous catheter drainage, strict glycemic control 
with insulin, intravenous meropenem for 2 wk followed by trimethoprim-sulph-
methoxazole for 20 wk which led to resolution of abscess.
Term explanation 
“Safety Pin” appearance: bipolar staining of B. Pseudomallei on gram stain as 
if the organism resembles a “Safety Pin”, “Necklace sign” on computed tomog-
raphy scan: multiple peripheral radial loculations contained within the larger 
hypodense honeycomb lesions of liver abscess.
Experiences and lessons
Isolated liver abscess due to B. Pseudomallei can occur specially in immuno-
suppressed and diabetic patients who need prolonged treatment with antibiotics 
for resolution and misdiagnosis may lead to treatment failure and high mortality 
rates.
Peer review
This paper is interesting and it could be accepted pending review.
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Abstract
At present the publishing of case reports or case series 
involving small numbers of cases is controversial. While 
in the past they were commonly published by most 
journals, recently a number of prominent journals have 
either stopped publishing them or markedly reduced 
the numbers published. However, recently an increas-
ing case is being made for their value and a number of 
new journals have been started devoted specifically to 
their publication. One of the arguments used for their 
value is their prominent role in rare diseases either in 
their recognition, full description or development of 
treatments. However this aspect has not been specifi-
cally studied. In this editorial this aspect is specifically 
examined using their role in neuroendocrine tumors 
as an example. Furthermore, the background of the 
controversy is briefly reviewed to better understand the 
context of this editorial.  

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Case report; Case series; Neuroendocrine 
tumors; Carcinoids; Pancreatic neuroendocrine tumor

Core tip: A review of neuroendocrine tumors, which are 
rare diseases, strongly supports the prominent role and 
value of reporting of rare cases or small case series in 
uncommon disorders.

Nakamura T, Igarashi H, Ito T, Jensen RT. Important of case-
reports/series, in rare diseases: Using neuroendocrine tumors as 
an example. World J Clin Cases 2014; 2(11): 608-613  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i11/608.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i11.608

Case reports (1 patient) or case series (> 1 patient) re-
porting are not without controversy: held in high regard 
by some[1-4] and looked down on by others as occupying 
the lowest rung in the evidence pyramid hierarchy[5-10]. It 
is necessary to understand a little more of  this controver-
sy to understand why this editorial is being written, which 
will be covered briefly in the next paragraph. The pur-
pose of  this editorial is to demonstrate, how in the case 
of  an uncommon disease, such as clinically important 
gastrointestinal (GI) neuroendocrine tumors [carcinoids 
(incidence-7-13 cases/million per year) and pancreatic 
neuroendocrine tumors (pNETs) (incidence-1-5 cases/
million per year)][11,12], case reports and case series reports 
have played, and are still playing, a vital and essential role 
in their recognition and also management/treatment.

Case or case series reports are controversial because 
an increasing number of  prominent journals, starting in 
the 1980’s no longer regularly published them[9,13,14]. In 
a survey in 1979[15] of  three prominent medical journals 
(NEJM, JAMA, Lancet) of  articles published between 
1946-1974, the frequency of  case reports/series (< 10 
patients) remained unchanged, at 38% of  all articles. 
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However, analyzing the same journals from 1971-1991[14], 
found that case reports/series frequency, as a percent-
age of  all articles, decreased 86% from 30% to 4% of  
all articles, replaced by an increase in primarily clinical 
trials and other evidence based medicine (EBM) reports 
[randomized clinical trials (RCT), etc.]. In another study in 
2006[16] of  25 journals covering various aspect of  medi-
cine, only 32% regularly published case reports/series 
and 33% never published them.  Furthermore, other 
publications including areas as diverse as psychiatry and 
anesthesia, found that journals prominent in their field, 
either stopping reporting case reports/series or only in-
frequently published them[5,9,10,13]. This change in policy 
is generally attributed primarily to two factors: a general 
conclusion that case reports/series represent a lower 
level of  evidence [compared to randomized clinical trials 
(RCT), systematic reviews, meta-analyses, cohort studies, 
case control studies][6,10] and the rise of  the importance 
of  impact factors (IF)[6,10]. 

In general case reports/series are ranked as providing 
one of  the lowest levels (Level 3) in the evidence based 
hierarchy[2,6,9,10]. They have a denominator of  only one (or 
a small number); the results can not be used for predictive 
value, and they can be notoriously affected by publication 
bias[6,10,17,18]. For example, one study[17] demonstrated in 
a review of  case reports/series, successes were reported 
in 90% and failures in only 10%. It has been stated that 
nearly all discarded once-popular therapies were likely 
supported by a series of  favorable cases[18]. Over the last 
few years, the impact factor of  journals (which is deter-
mined by the citation rate) is assuming increasing im-
portance. This is occurring because, not only is it widely 
used as a measure of  a journal’s quality, which can not 
only have an economic influence on the journal and the 
quality of  the papers submitted, but also have an affect 
on authors, because it is increasingly used in assessing an 
individual’s academic credentials in terms of  assessing 
quality of  publications for possible placement, promo-
tion or other advancement[6,9,10]. The problem here is that 
case reports/series are generally cited less than evidence-
based medicine (EBM) articles with the result they can 
decrease the IF of  the journal[2,6,8-10,19]. This is well shown 
in a 2005 study[8] comparing the impact factor of  various 
types of  articles (2646 articles published in 1991, 2001). 
This study[8] showed case reports were the most poorly 
cited compared to EBM studies (meta-analysis, RCTs, ep-
idemiological studies, case control studies). Similar results 
were found in a study assessing the citation rate in 2008 
of  papers published in Am J Medical Genetics, Part A in 
2006, which found that the non-citation rate was 2.3 fold 
higher in the case reports/series than in EBM articles, 
and the citation rate in the case reports/series was not > 
6 citations for any article, whereas in the EBM articles, 
many had rates higher than this. 

While the presence of  these negative factors dis-
cussed above, might be assumed to be leaving the case 
report/series in its terminal throes, in the last few years 
an increasing argument in their defense has been made 

by many[1-3,6,7,17,19-21] and for its restoration, as a prominent 
and useful medical reporting method. This is evidenced 
by both the recent appearance of  numerous publica-
tions devoted to case reports/series such as the World J 
of  Clinical Cases, as well as the re-institution of  the case 
report/series format in some prominent journals[19,20,22]. 
One study[17] assessed one aspect of  the re-inclusion 
of  case reports into the journal Lancet[20] by studying 
the impact of  case reports/series of  innovative treat-
ments reported in 1995/1996. This approach was taken 
because it is recognized that for a clinical study to be 
funded, evidence must be provide that proposed treat-
ments may have merit, and case reports/series are often 
the first line of  such evidence[17]. Of  the 64 cases reports 
and 39 case series identified, it was found the cases were 
clearly read because they had an average citation rate of  
17 times (range 0-336), and they also affect subsequent 
approaches because 22% of  the cases lead to followup 
trials (9%-controlled trials)[17]. Other important points 
raised in their defense include that case reports/series: 
have a long tradition in teaching in medicine; they often 
report and establish the cause of  various disorders with 
few observations; they provide the clinical foundation 
for postulating the possible pathogenesis of  disorders; 
for therapies they are often the first evidence of  the ef-
fectiveness of  a new therapy, as well as often the major 
source of  initially reporting adverse effects of  different 
therapies; are an important teaching, education and career 
vehicle for young physicians (students, residents, fellows, 
starting faculty) to publish and contribute to the medical 
literature; and are important in recognizing new diseases, 
particularly in the case of  rare diseases or rare variations 
of  more common diseases[2,6,10,17,19,21-23]. While numerous 
articles have mentioned the importance of  case reports/
series reporting in rare diseases, this point has not been 
specifically examined and emphasized. It occurred to us 
that the study of  GI-NETs (carcinoids, pNETs) offers 
a very good example of  this assertion and thus will be 
briefly reviewed here and in Table 1.

Both GI- carcinoids and pNETs are classified as neu-
roendocrine tumors (NETs)[24-26] and although they have 
a different pathogenesis, they share similar histological 
features, aspects of  their biological behavior, and many 
features of  their management including localization 
methods, treatment approaches, and their abilities to be 
associated with hormonal-excess states due to ectopic 
production of  biologically active substances[24,25,27-29]. 
There are 10 well-established pNET syndromes of  which 
9 are associated with specific hormone excess syndromes 
[Gastrinomas; insulinomas; VIPomas; glucagonomas; 
somatostatinomas; GRFomas; pancreatic ACTHomas; 
pNETs causing carcinoid syndrome, or hypercalcemia 
and nonfunctional pNETs (NF-pNETs)][11,26]. In addi-
tion to these 10 established pNET syndromes there are 5 
other very rare (< 5 cases reported) syndromes associated 
with pNETs[26], which also likely represent a functional 
pNET syndrome. These include: pNETs secreting eryth-
ropoietin causing erythroblastosis[30]; pNETs secreting 
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renin causing hypertension[31]; pNETs secreting GLP-1 
or GLP-2 causing hypoglycemia[32,33] and pNETs secret-
ing luteinizing hormone causing masculinization[34,35]. 
Although the incidence of  both carcinoid tumors and 
pNETs is increasing, they are still classified as rare con-
ditions[36]. Whereas gastrinoma, insulinoma and NF-
pNETs are the most frequent pNETs, they still have an 
incidence < 2/million per year and are thus rare diseases 
(less 1 in 1500), whereas the other pNET syndromes are 
1/10-1/100 less frequent[11,12,26,29]. The functional syn-
drome seen most frequently with GI-carcinoid tumors 

is the carcinoid syndrome, characterized by flushing, 
diarrhea, asthma and heart disease primarily due to ecto-
pic release of  serotonin, neurokinins and perhaps other 
biologically active peptides[29]. The carcinoid syndrome 
occurs in 5%-10% of  patients with carcinoid tumors and 
thus is also present at < 3-5/million per year and hence is 
also a rare disease. 

As can be seen in Table 1, case reports or case se-
ries, often involving < 5 cases, played a sentinel role in 
most GI-NET/pNET syndromes, usually providing 
the initial description of  the functional syndrome or in 

November 16, 2014|Volume 2|Issue 11|WJCC|www.wjgnet.com 610

Table 1  Sentinel case reports/series defining syndromes of disease aspects in patients with gastrointestinal neuroendocrine tumors

Year Author Pt# Type of report Syndrome Importance Ref.

1890 Ranson 1 Case report Carcinoid First description of ileal carcinoid [50]
1902 Nichols 1 Case report Insulinoma First islet tumor [49]
1922 Banting et al 7 Case report Insulin treatment diabetes Extracted insulin and effectiveness of insulin therapy in 

diabetes mellitus demonstrated.
[51]

1924 Harris et al 3 Case report Insulinoma 1st postulate the possibility of insulinoma in his patients [37]
1927 Wilder et al 1 Case report Insulinoma 1st pNET syndrome (insulinoma). Extracting insulin from 

malignant pNET operated by WJ Mayo
[62]

1938 Whipple Case review Case review Insulinoma Diagnostic triad for insulinoma proposed [52]
1942 Becker et al 2 Case report Glucagonoma First description of Glucagonoma in a patient with skin 

rash later found to have pNET
[38]

1950 Del Castillo et al 1 Case report Cushing syndrome First pNET associated with Cushing syndrome [39]
1954 Thorson et al 16 Case series 

review
Carcinoid syndrome First described a series of patients with small intestinal 

carcinoids, establishing the clinical entity “carcinoid 
syndrome”

[48]

1955 Zollinger et al 2 Case report ZES First description of ZES (gastrinoma) [40]
1957 Priest et al 1 Case report VIPoma Recognition of WDHA syndrome (VIPoma) with pNET [41]
1958 Verner et al 2 Case report VIPoma First complete description of all features WDHA from 

review/2 personal cases and 7 literature cases
[63]

1966 McGavran et al 1 Case report Glucagonoma Reported case of pNET with hyperglucagonemia and 
glucose elevation

[54]

1971,3 Wilkinson 1 Case report Glucagonoma Proposed term “NME” to describe rash in glucagonoma. [55,56]
1974 Mallinson et al 9 Case series 

review
Glucagonoma Reviewed pNET secreting glucagon and called attention 

to their association with necrotic migratory erythema 
(NME)

[57]

1977 Larsson et al 2 Case report Somatostatinoma Initial case of pNET producing somatostatin with 
symptoms

[42]

1977 Ganda et al 1 Case report Somatostatinoma Initial case of pNET producing somatostatin with diabetes [43]
1978 Caplan et al 1 Case report GRFoma 1st case of pNET secreting growth hormone-like 

substance with acromegaly
[46]

1979 Krejs et al 1 Case report Somatostatinoma Clinical features of somatostatinoma syndrome described 
and full endocrine characterization

[44]

1982 Guillemin et al 1 Biochemistry GRFoma Isolation of growth-hormone releasing factor (GRF) from 
patient with acromegaly with pNET

[45]

1982 Rivier et al 1 Case report GRFoma [64]
1982 Ruddy et al 1 Case report Reninoma First description of renin secreting pancreatic tumor 

causing symptoms
[31]

2004 Samyn et al 1 Case report EPOma Description of pNET secreting erythropoietin with 
syndrome

[30]

2004 Brignardello et al 1 Case report LHoma Description of pNET secreting luteinizing hormone with 
syndrome

[35]

2008 Chung et al 1 Case report IGF-2oma First report of pNET secreting IGF-2 with symptoms [33]
2012 Roberts et al 1 Case report GLP-1oma First description of pNET secreting GLP-1 causing 

symptoms
[32]

2013 Rehfeld et al 1 Case report CCKoma First description of CCK secreting pNET with syndrome [47]

CCKoma: pNET secreting cholecystokinin; EPoma: pNET secreting erythropoietin; GRFoma: pNET secreting Growth Hormone Releasing Factor; IGF-
1oma/IGF-2oma: pNET secreting insulin-like growth factor 1 or 2; LHoma: pNET secreting luteinizing hormone; NET: Neuroendocrine tumor: NME: 
Necrolytic migratory erythema (skin rash) seen in glucagonoma cases; pNET: Pancreatic neuroendocrine tumor; Reninoma: pNET secreting renin; So-
matostatinoma: pNET secreting somatostatin; VIPoma: pNET secreting vasoactive intestinal peptide; WDHA: Watery diarrhea, hypokalemia and achlorhy-
dria which are features seen in VIPoma patients; ZES: Zollinger-Ellison syndrome due to ectopic secretion of gastrin by a gastrinoma causing acid hyperse-
cretion.
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elucidation its full clinical manifestations. Specifically, 
case reports/series provided the initial description of  
insulinoma[37], glucagonoma[38], pNETs causing ectopic 
Cushing’s syndrome[39], gastrinoma causing the Zollinger-
Ellison syndrome[40], the VIPoma (WDHA) syndrome[41], 
somatostatinoma and somatostatinoma syndrome[42-44], 
GRFoma[45,46], pNETs secreting renin[31], pNETs se-
creting erythropoietin[30], pNETs secreting luteinizing 
hormone[35], pNET secreting IGF-2 (IGF-2oma)[33], 
pNETs seeing IGF-1(IGF-1oma)[32], and CCKoma[47]. 
The initial description of  the carcinoid syndrome, seen 
in patients with metastatic carcinoid tumors to the liver 
(usually ileal-jejunal-midgut tumors) was described also 
in a case series[48]. The sentinel role of  some case reports 
was recognized by naming the syndrome after the initial 
case description such as the Verner Morrison syndrome 
(VIPoma-WDHA) and the Zollinger-Ellison syndrome 
(gastrinoma). Some of  the case reports/series played 
other sentinel roles. These include the first description of  
a pNET in a report of  one patient[49]; the first descrip-
tion of  an ileal carcinoid in one case[50]; the initial use of  
insulin for diabetes in a case series by Banting[51] and the 
initial description of  the clinical triad that is commonly 
used, even today, to suspect the diagnosis of  insulino-
ma[26,28,52] was in a case series review, and is now referred 
to as Whipple’s triad after this sentinel paper[53]. Some 
case reports/series were not the first to report a new 
syndrome, but played an important role in defining the 
spectrum of  the syndrome by describing additional fea-
tures of  the rare pNET syndrome. This is illustrated by 
case reports describing the full features of  the VIPoma 
syndrome (diarrhea, hypokalemia, achlorhydria, hypercal-
cemia, not associated with peptic ulcer disease or gastric 
hypersecretion)[11,26], after the initial report of  a nonbeta 
cell islet tumor (pNET) associated with large volume 
diarrhea causing hypokalemia[41]. Similarly additional case 
reports/case series after the initial description of  the glu-
cagonoma syndrome (pNET with skin rash)[38], described 
the association of  a pNET with hyperglycemia and hy-
perglucagonemia[54], and emphasized its association with 
a characteristic skin rash, which was named necrolytic mi-
gratory erythema (NME)[55-57], and which was sufficiently 
distinctive to become one of  the main features leading to 
the diagnosis of  glucagonomas, even at present[11,26,28,58]. 
Lastly, this is also the case with the somatostatinoma 
syndrome which was first proposed in 1977 with the de-
scription of  a somatostatin secreting pNET[42], whereas 
the full clinical features we generally recognize today 
[diabetes mellitus, cholelithiasis, steatorrhea, weight loss 
hypo/achlorhydria, anemia][11,26,58], were later described in 
another case report[44]. This latter finding, illustrates an-
other important role of  case reports/case series not only 
in rare disorders, but also in common disorders[2,3,10,19,21,59], 
by reporting an uncommon feature of  a common disor-
der or, in our case, an additional feature of  a previously 
described, uncommon disorder.

Another conclusion that can be drawn from the find-
ings in pNETs illustrated in Table 1 is that case reports/

series have had a prominent role in GI-NETs for longer 
than one century, and are still playing a prominent role.  
This is illustrated by the descriptions of  numerous new 
pNET functional syndromes since 2000 (Table 1) with 
the most recent being a case report of  a patient with a 
cholecystokinin secreting tumor syndrome (CCKoma)[47]. 
The CCKoma syndrome clinically included diarrhea, 
severe weight loss, advanced peptic ulcer disease, cho-
lelithiasis, all of  which can be explained by the known 
actions of  CCK expected from the profound hyperCCK-
emia this patient had (1000-fold increased)[47]. At present 
it remains unknown whether this is a very rare syndrome, 
which has long evaded description, or whether it is more 
frequent and might be responsible for patients present-
ing with ZES-like feature, but with normal serum gastrin 
levels[47,60,61]. 

In conclusion, a review of  the role of  case reports/
case series in the description and establishment of  the 
GI-NET syndromes strongly support their importance 
in this rare group of  diseases and supports the proposal 
that they can play a particularly important role in any rare 
disease[2,6,10,17,19,21-23]. The use of  case reports/case series 
has not only provided many of  the original descriptions 
of  these rare GI-NET syndromes, they have provided 
other features leading to treatments as well as full char-
acterization of  aspects of  the syndromes. Case reports/
small series have been important throughout the last cen-
tury in the elucidation of  these rare syndromes and are as 
important today, as they were in the past. 
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Abstract 
Acute ischemic stroke (AIS) is a common medical prob-
lem associated with significant morbidity and mortality 
worldwide. A small proportion of AIS patients meet 
eligibility criteria for intravenous thrombolysis (IVT) 
with recombinant tissue plasminogen activator, and its 
efficacy for large vessel occlusion is poor. Therefore, 
an increasing number of patients with AIS are being 
treated with endovascular mechanical thrombectomy 
when IVT is ineffective or contraindicated. Rapid ad-
vancement in catheter-based and endovascular device 
technology has led to significant improvements in rates 
of cerebral reperfusion with these devices. Stentrievers 
and modern aspiration catheters have now surpassed 
earlier generation devices in the degree and rapidity of 
revascularization. This progress has been achieved with 
no concurrent increase in risk of major complications or 
mortality, both when used alone or in combination with 
IVT. The initial randomized controlled trials compar-
ing endovascular therapy to IVT for AIS failed to show 
superior outcomes with endovascular treatment, but 

key limitations of each trial may limit the significance 
of these results to current practice. While endovascular 
devices and operator experience continue to evolve, 
we are optimistic that this will be accompanied by im-
provements in patient outcomes. This review highlights 
the major endovascular devices used in current practice 
and the trials which have investigated their efficacy. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cerebral infarction; Endovascular proce-
dures; Intracranial hemorrhages; Stents; Stroke

Core tip: This review discusses the critical advance-
ments in endovascular device technology for the treat-
ment of acute ischemic stroke. Endovascular mechani-
cal thrombectomy is becoming an increasingly utilized 
treatment approach for patients in whom intravenous 
thrombolysis with recombinant tissue plasminogen 
activator is ineffective or contraindicated. While three 
recent randomized controlled trials found no benefit of 
endovascular thrombectomy over intravenous therapy, 
it is important for clinicians to understand the limita-
tions of these trials and recognize the expected key 
role of endovascular therapy in the future management 
of stroke patients.  
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INTRODUCTION
The annual incidence of  stroke in the United States is 
approximately 795000[1]. Stroke is the second leading 
cause of  lost disability-adjusted life-years in high-income 
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countries and the second most common cause of  mor-
tality worldwide[2,3]. Approximately 80% of  strokes are 
ischemic and 20% are hemorrhagic[4]. Acute ischemic 
stroke (AIS) is caused by a focal interruption of  cerebral 
blood flow, most commonly due to occlusion of  a ma-
jor cerebral artery by local thrombosis or embolus. The 
resulting ischemia leads to tissue damage through a com-
plex pathophysiological response of  excitotoxicity, peri-
infarction depolarization, inflammation and apoptosis[5]. 

The goal of  therapy for AIS is to achieve cerebral 
reperfusion before neurological damage becomes irrevers-
ible. The correlation between vessel recanalization and fa-
vorable neurological outcome is well-studied[6,7], although 
additional factors such as stroke severity and age are also 
likely to have a significant impact on clinical outcome[8,9]. 
Currently, the only FDA-approved treatment with level 1 
evidence for AIS is intravenous thrombolysis (IVT) with 
recombinant tissue plasminogen activator (alteplase) with-
in three hours of  symptom onset[10]. Additional trials have 
demonstrated that extending this time window to 4.5 h is 
beneficial in appropriately selected patients[11,12]. However, 
few patients (< 10%) meet eligibility criteria for this ther-
apy[13-15]. Additionally, larger and more proximally-located 
thrombi may be relatively resistant to IVT[16-21]. Successful 
recanalization of  large vessel occlusion (LVO) with IVT 
alone is infrequent, ranging from 10% in internal carotid 
artery (ICA) occlusions to 30% in middle cerebral artery 
occlusions, and IVT is associated with a risk of  systemic 
and intracerebral hemorrhage (ICH)[22]. 

These limitations have led to the exploration of  alter-
native or complementary treatment approaches for AIS. 
Endovascular mechanical thrombectomy has developed 
over the past decade as a safe and effective intervention. 
Rapid advancement in catheter-based and endovascular 
device technology has led to an increasing number of  
patients with AIS being treated when IVT is ineffective 
or contraindicated[14]. Here, we review the evolution of  
endovascular mechanical thrombectomy devices for the 
treatment of  AIS. 

ENDOVASCULAR MECHANICAL 
THROMBECTOMY
Endovascular treatment of  AIS began with intra-arterial 
(IA) infusion of  thrombolytic agents. Several studies 
investigating these therapies reported favorable rates of  
vessel recanalization and neurological outcomes[23-25]. Giv-
en the relatively favorable risk to benefit profiles of  cur-
rent mechanical thrombectomy devices, IA thrombolysis 

is infrequently used in modern endovascular AIS therapy. 
This was followed by the implementation of  balloon an-
gioplasty and microwire techniques to mechanically dis-
rupt thromboemboli[26,27]. Additionally, intracranial stents 
were shown to be effective at restoring blood flow when 
deployed within an occluded vessel[28,29]. 

Endovascular retrieval devices were first developed 
to recover errant coils and other foreign bodies that had 
embolized within the cerebral circulation during endo-
vascular procedures[30-32]. The development of  devices 
to remove occlusive thromboemboli was thus a natural 
extension of  pre-existing technology. Endovascular me-
chanical thrombectomy involves physical extraction of  
the thrombus through a catheter. Due to the anatomical 
limitations imposed by vascular anatomy on currently 
available thrombectomy catheters, thrombi in large ICA, 
the Circle of  Willis and the first two branches of  the an-
terior (A1 and A2), middle (M1 and M2) and posterior (P1 
and P2) cerebral arteries) are the most readily accessible. 
Smaller branches of  the cerebral circulation are often too 
narrow and tortuous to undergo successful mechanical 
thrombectomy. 

Alternative treatment methods for strokes from LVO 
are an important development, as medical management is 
often unsuccessful, and these strokes are associated with 
high rates of  morbidity and mortality[25]. The two main 
methods of  endovascular mechanical thrombectomy 
for LVO include: (1) physical grasping and removal of  
thrombi with retrieval devices and (2) aspiration of  oc-
clusive thrombi with suction devices (Table 1).

MERCI RETRIEVER
The Merci Retriever (Concentric Medical, Mountainview, 
CA) was FDA-approved in August 2004 as the first clot 
retriever device in the United States. This device utilizes 
memory shaped nitinol (nickel titanium) material to 
convert from a straight to helical configuration to grasp 
the thrombus. In this procedure[33]: (1) the retriever is 
advanced through the thrombus in its straight configura-
tion; (2) two to three helical loops are deployed beyond 
the thrombus; (3) the device is retracted to contact the 
thrombus, and proximal loops are deployed within the 
thrombus; (4) a balloon guide catheter located in the 
common or internal carotid artery is inflated to control 
intracranial blood flow; and (5) three to five clockwise ro-
tations are performed to fully ensnare the thrombus, and 
the Merci Retriever-thrombus complex and microcatheter 
are removed together.

Przybylowski CJ et al . Endovascular mechanical thrombectomy for ischemic stroke
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Table 1  Summary of endovascular mechanical thrombectomy devices

Device Manufacturer Mechanism

Merci retriever Concentric Medical Thrombus retrieved with helical snare
Penumbra system Penumbra Inc. Thromboaspiration
Solitaire FR eV3 Endovascular Thrombus incorporated into struts of deployed stent
Trevo Pro Stryker neurovascular Thrombus incorporated into struts of deployed stent



The Mechanical Embolus Removal in Cerebral Isch-
emia (MERCI) trial was a prospective, non-randomized, 
multicenter trial that first evaluated this device[34]. Re-
canalization, defined as Thrombolysis in Myocardial In-
farction (TIMI) grade 2 or 3 flow in all treatable vessels, 
was achieved in 48% (68/141) of  patients. Patients with 
recanalization had better neurological outcomes (P < 
0.0001), as determined by modified Rankin Score (mRS) 
of  2 or less at 90 d, and lower mortality rates (P = 0.01) 
than those without recanalization, and procedure-related 
complication and symptomatic ICH rates were compa-
rable to trials of  IV t-PA, combined IV/intra-arterial t-PA, 
and intra-arterial prourokinase[10,25,35]. 

Newer device generations (Figure 1) have moderately 
improved rates of  recanalization[36]. One such advance-
ment was the Distal Access Catheter (DAC; Concentric 
Medical) in 2008. The DAC has a flexible distal shaft that 
facilitates its navigation around the anterior genu of  the 
ICA, beyond the origin of  the ophthalmic artery[37]. This 
improved the navigation of  the Merci Retriever through 
the carotid siphon with each pass, improving procedural 
efficiency.  

PENUMBRA SYSTEM
The Penumbra System (PS) (Penumbra Inc., Alameda, 
CA) was FDA-approved in December 2007 and utilizes 
aspiration for thrombus extraction. In this procedure[38]: 
(1) the PS catheter is advanced through a guide catheter 
to a point just proximal to the occlusion; (2) a microwire 
called a separator is repeatedly passed through the throm-
bus in order to fragment the clot; and (3) constant suc-
tion is applied to the PS catheter to aspirate the thrombus 
fragments. 

The PS was evaluated in a prospective, multicenter 
study of  125 patients with National Institute of  Health 

Stroke Scale (NIHSS) score ≥ 8 who were ineligible for 
or refractory to IVT[38]. Recanalization (TIMI ≥ 2) was 
achieved in a high proportion (81.6%) of  patients with-
out significantly different complication rates than those 
seen in the MERCI trials. Good clinical outcome (mRS 
≤ 2) was observed in 25% of  patients at 30-d follow-
up. More recent generations of  the PS include the 054 
Reperfusion catheter (2009) and the MAX Reperfusion 
catheter line (2011). These devices achieve greater aspira-
tion force due to larger proximal lumens[39]. The 054 Re-
perfusion device was found to accomplish recanalization 
at a median time of  20 min[40], significantly less than the 
median time of  45 min reported in the penumbra pivotal 
trial using previous generation technology.

STENTRIEVER DEVICES
Stentrievers utilize a retrievable stent to engage and 
remove the thrombus. In this procedure[41]: (1) the sten-
triever is advanced within a microcatheter through the 
thrombus until it is a few millimeters distal to the clot; (2) 
the stent is deployed, incorporating the thrombus into the 
stent struts and displacing it radially to the vascular wall; 
and (3) after three to five minutes, the microcatheter and 
stentriever are removed together under continuous proxi-
mal aspiration with a syringe. This must be performed 
cautiously, as at least one case of  intracranial extravasa-
tion during device withdrawal has been reported[42]. It is 
also possible to perform a control angiogram while the 
stentriever is deployed, which can confirm flow restora-
tion. However, since this may promote distal migration 
of  thrombus fragments, the utility of  performing an an-
giogram during stentriever deployment is controversial. 

Solitaire FR
The Solitaire FR (eV3 Endovascular, Irvine, CA) was 
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Figure 1  Timeline of FDA approval, release dates and randomized controlled trials of endovascular mechanical thrombectomy devices.
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approved by the FDA in March 2012. Initial non-ran-
domized case series with the Solitaire FR demonstrated 
high rates of  recanalization (89%-96%) and improved 
rates of  favorable clinical outcome (mRS ≤ 2; 42%-69%) 
compared to earlier devices[29,41,43-45]. The Solitaire FR 
was then directly compared to the Merci Retriever in the 
SOLITAIRE™ with the intention for thrombectomy 
(SWIFT) trial (Table 2)[46]. This was a parallel-group, non-
inferiority trial of  113 patients randomized to either the 
Solitaire (n = 58) or Merci (n = 55) device. The primary 
outcome (TIMI ≥ 2) was more likely to be achieved in 
the Solitaire group than the Merci group (64% vs 24%; P 
< 0.0001 non-inferiority; P = 0.0001 superiority). Addi-
tionally, patients in the Solitaire group were more likely to 
achieve a good neurological outcome (mRS ≤ 2) at 90 d 
(58% vs 33%; P < 0.0001 non-inferiority; P = 0.02 superi-
ority) and had a lower 90-d mortality rate (17% vs 38%; P 
= 0.0001 non-inferiority; P = 0.02 superiority) than those 
in the Merci group. Subsequent prospective and retro-
spective studies have continued to demonstrate high rates 
of  vessel recanalization and good clinical outcomes with 
the Solitaire FR[47,48]. 

Trevo Pro
The Trevo Pro (Stryker Neurovascular, Kalamazoo, MI) 
is another retrievable stent system which was approved 
by the FDA in August 2012. Similar to the Solitaire FR, 
the Trevo Pro was found to be superior to the Merci 
Retriever in a head-to-head randomized study[49]. The 
Thrombectomy REvascularization of  Large Vessel Oc-
clusions in Acute Ischemic Stroke trial assigned patients 
with AIS from LVO to either the Trevo Pro (n = 88) or 
Merci Retriever (n = 90) device. Patients in the Trevo Pro 
group were significantly more likely to reach the primary 
outcome, defined as Thrombolysis in Cerebral Ischemia 
(TICI) grade ≥ 2, (86% vs 60%; P < 0.0001 superiority) 
and achieve a good 90-d neurological outcome (mRS ≤ 

2; P = 0.013) than those in the Merci Retriever group. No 
significant difference was observed in the safety profile 
(a composite of  symptomatic ICH and procedure-related 
complications; P = 0.1826) or 90-d mortality rates (P = 
0.1845) of  these two devices.

A review of  13 prospective trials endorsed improved 
rates of  vessel recanalization with the newer generation 
stentriever devices[50]. While early trials (mainly utilizing 
IA thrombolysis and the Merci Retriever) reported recan-
alization rates of  approximately 50%, recent trials with 
stentrievers consistently reported rates of  approximately 
85%. A significantly greater time from symptom onset 
to endovascular treatment in more recent trials was also 
observed. This may explain their finding that although 
vessel recanalization rates have significantly improved 
over time, functional outcomes remain relatively stagnant. 
Nevertheless, stentrievers and large bore aspiration cath-
eters have become the dominant endovascular devices 
used to treat AIS in modern practice. A recent prospec-
tive trial found no major differences in the efficacy or 
safety of  the Solitaire FR and Trevo Pro[51]. 

COMBINED SUCTION EMBOLECTOMY 
AND MECHANICAL RETRIEVAL
The MAX reperfusion catheters allowed for the develop-
ment of  direct aspiration as an additional thrombectomy 
technique. Direct suction can be applied from the PS de-
vice or a syringe plunger connected to the proximal hub 
of  the catheter. Previously, this technique was limited by 
the challenges of  tracking an aspiration catheter through 
the intracranial circulation, but the improved trackability 
of  the MAX reperfusion catheters has facilitated its de-
velopment[37]. Furthermore, these catheters can still be 
used in combination with other endovascular devices. 
The ADAPT technique[52] is an increasingly utilized ap-
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Table 2  Comparison of randomized trials of endovascular thrombectomy for AIS

Trial Treatment arms   n Revascularizationa (%) Good outcomebc (%) Symptomatic ICH (%) Mortalityb (%)

SWIFT Merci Retriever   55 67 33 11 38
Solitaire FR   58 89 58 2 17

TREVO 2 Merci Retriever   90 60 22 2 24
Trevo Pro   88 86 40 4 33

SYNTHESISd IVT 181 NR 35 6 6
EVT 181 NR 30 6 8

IMS III IVT 222 NR 39 6 22
IVT + EVT 434 e 41 6 19

MR Rescue Penumbral, IVT   34 93 26 6 21
Penumbral, EVT   34 67 21 9 18
Nonpenumbral, IVT   20 78 10 0 30
Nonpenumbral, EVT   30 77 17 0 20

aDefined as TIMI or TICI grade ≥ 2a, final revascularization rate including rescue therapies; bAssessed at 90 d unless otherwise specified; cDefined as mRS 
≤ 2 unless otherwise specified; dThis study used mRS ≤ 1 as the primary clinical efficacy endpoint and assessed mortality at day 7 ± 2; eReported as 65%, 
81%, 70% and 77% for ICA, M1, single M2 and multiple M2 occlusions, respectively; statistically significant (P < 0.05); SWIFT:  SOLITAIRE™ with the inten-
tion for thrombectomy; TREVO 2: Thrombectomy REvascularization of Large Vessel Occlusions in Acute Ischemic Stroke; AIS: Acute ischemic stroke; IMS: 
Interventional Management of Stroke; IVT: Intravenous thrombolysis; ICH: Intracerebral hemorrhage; TIMI: Thrombolysis in Myocardial Infarction; TICI: 
Thrombolysis in Cerebral Ischemia; mRS: Modified Rankin Score. 
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proach which combines modern aspiration and retrieval 
technology. Direct aspiration with a large bore aspiration 
catheter (commonly MAX reperfusion system) is first 
performed. If  direct aspiration fails, stentrievers, balloons 
and stents can be still be passed through the catheter. A 
recent retrospective series of  98 patients by Turk et al[53] 
reported revascularization (TICI ≥ 2b) in 78% of  cases 
following direct aspiration. When stentrievers were used 
following failed direct aspiration, this rate rose to 95%, a 
previously unparalleled result.

Penumbra 3D separator
The Penumbra 3D Separator is the newest generation 
PS device currently being investigated in randomized 
controlled trials. It is designed to combine stentriever and 
direct aspiration technology into a single device. The new 
separator device is configured similarly to a stentriever, 
with an additional radial dimension to fragment the clot 
under continuous direct aspiration.  The stent struts are 
designed to minimize vessel contact and thus theoreti-
cally reduce iatrogenic injury to the endothelium. An 
initial prospective study of  20 patients treated with the 
Penumbra 3D Separator demonstrated vessel recanaliza-
tion (TICI ≥ 2b) and favorable neurological outcome 
(mRS ≤ 2) in 85% and 50% of  patients, respectively[54].

ENDOVASCULAR THERAPY VS IVT FOR 
AIS
Due to the promising results from early pilot trials of  
endovascular mechanical thrombectomy for AIS[55,56],  
randomized controlled trials were undertaken to evaluate 
the benefit of  endovascular therapy compared to IVT in 
a more rigorous fashion.

IMS III
The Interventional Management of  Stroke (IMS) Ⅲ 
trial[57] randomly assigned 656 patients who had received 
IVT within three hours of  AIS symptom onset to re-
ceive additional endovascular therapy (n = 434) or IVT 
alone (n = 222) in a 2:1 ratio. In the endovascular group, 
330 patients received treatment: IA thrombolysis alone 
(n = 160), mechanical thrombectomy alone (n = 57), IA 
thrombolysis plus mechanical thrombectomy (n = 97) 
and combinations of  multiple mechanical thrombectomy 
devices with or without IA thrombolysis (n = 16). There 
was no significant difference between the endovascular 
and IVT groups for achieving a 90-d mRS ≤ 2 (40.8% 
and 38.7%, respectively; 95%CI: -6.1 to 9.1). Additional 
subgroup analyses showed no difference between the two 
groups in patients with NIHSS ≥ 20 (95%CI: -4.4 to 
18.1) or NIHSS < 20 (95%CI, -10.8 to 8.8). Similar rates 
of  symptomatic ICH (6.2% in the endovascular group 
and 5.9% in the IVT group; P = 0.83) and 90-d mortality 
(19.1% in the endovascular group and 21.6% in the IVT 
group; P = 0.52) were observed.

Enrollment and treatment of  patients in the endo-

vascular arm of  this trial was not optimal. Over 20% 
of  patients in the endovascular arm were included for 
analysis despite not receiving any endovascular therapy 
(due to lack of  LVO on angiography). Notably, sub-
group analysis of  patients with LVO confirmed by CTA 
showed that endovascular therapy was associated with 
better functional outcomes than IVT alone (P = 0.01)[58]. 
The time to endovascular treatment was also significantly 
longer in the IMS Ⅲ trial compared to the previous IMS 
I and II trials. These earlier trials demonstrated that there 
is a close association between time to reperfusion and 
neurological outcome, with a linear decrease in probabil-
ity of  good neurological outcome with time[59]. Thus, this 
treatment delay may have reduced the clinical benefit of  
endovascular therapy in this trial. Lastly, of  those treated, 
less than 5% were treated with stentrievers, either alone 
or in combination with other devices. This likely contrib-
uted to only 40% of  patients achieving TICI grade 2b or 
3 vessel recanalization[60]. 

SYNTHESIS Expansion
The SYNTHESIS Expansion trial[61] randomly assigned 
362 patients with AIS within 4.5 h of  symptom onset to 
either endovascular therapy (n = 181) or IVT (n = 181). 
Patients in the endovascular group who underwent treat-
ment (n = 165) received either IA thrombolysis (n = 109) 
alone or in combination with mechanical thrombectomy 
(n = 56) without any prior IVT. Survival-free disability 
(mRS ≤ 1) at 90 d, adjusted for key variables (age, sex, 
initial NIHSS grade and history of  atrial fibrillation) did 
not significantly differ between the endovascular and IVT 
groups (30.4% and 34.8%, respectively; P = 0.16). Sec-
ondary outcomes including NIHSS score ≤ 6, neurologi-
cal deterioration, mortality, symptomatic ICH, and recur-
rent AIS also did not significantly differ between groups.

Again, the protocol of  this trial likely resulted in en-
rollment of  patients who were not suitable candidates for 
endovascular therapy under current recommendations. No 
preoperative imaging was required to confirm LVO prior 
to randomization, and a significant portion of  patients (> 
33%) had a NIHSS ≤ 10. Additionally, the majority of  
patients in the endovascular arm received interventions that 
would no longer be considered standard of  care. Only 13% 
of  patients in the endovascular arm were treated with sten-
trievers[62], while 60% were treated with IA thrombolysis 
alone without mechanical retrieval. Because vessel recanali-
zation rates were not reported, it is unclear if  these patients 
received optimal therapeutic effect.

MR Rescue
The MR Rescue trial[63] randomized 118 patients with 
large vessel anterior circulation strokes to either mechani-
cal thrombectomy (n = 64) or IVT (n = 54) within eight 
hours of  symptom onset. Patient groups were also strati-
fied based on pre-treatment imaging into favorable or 
non- penumbral patterns. Some studies have suggested 
that measuring the extent of  salvageable brain tissue or 
ischemic penumbra on preoperative imaging may identify 
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physical extraction of  an occluding thromboembolus via 
grasping devices and/or direct/indirect aspiration. Over 
the past decade, advancements in catheter-based and en-
dovascular device technology have led to strong improve-
ments in rates of  vessel recanalization. Initial randomized 
trials failed to show benefit of  endovascular therapy over 
IVT, but limitations in study design have abated wide-
spread acceptance of  their conclusions. Future random-
ized trials evaluating endovascular mechanical thrombec-
tomy for AIS will need to enroll and treat patients based 
off  of  the currently accepted standards of  care. 
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patients who could preferentially benefit from endo-
vascular therapy[64-67]. Favorable penumbral pattern was 
defined as a predicted infarct core of  90 mL or less and 
a proportion of  infarct tissue within the at-risk region 
of  70 mL or less after pre-treatment magnetic resonance 
imaging or computed tomography. Results showed no 
significant difference in mean 90-d mRS observed among 
groups, both in the overall cohort (P = 0.99) or when 
stratified based on penumbral pattern (favorable, P = 0.23; 
non-penumbral, P = 0.32). No differences in the rates of  
symptomatic ICH (P = 0.24) or mortality (P = 0.75) were 
observed between groups. These results correlate with 
findings from a recent study which showed that a non-
perfect preoperative ASPECT score did not significantly 
affect functional outcome[68]. 

No patients in the endovascular arm of  the MR Res-
cue trial were treated with stentrievers. Similar to IMS Ⅲ, 
this likely contributed to the low overall rate of  recana-
lization. Only 27% of  patients in the endovascular arm 
achieved recanalization of  TICI grade 2b or 3[60]. Addi-
tionally, this trial may have been underpowered due to the 
relatively low number of  patients in each group. 

Conclusions from Randomized Trials
While these trials provided valuable preliminary data for 
the assessment of  endovascular intervention for AIS, 
each had significant limitations[60,62]. In SYNTHESIS and 
IMS Ⅲ, patients with LVO were not appropriately select-
ed based on preoperative imaging. In all three trials, due 
to the pace of  advancement in endovascular technologies, 
a minority of  patients were treated with the most modern 
endovascular devices. Stentrievers were used infrequently 
in all three studies, which resulted in vessel recanaliza-
tion rates below current standards. There is evidence that 
recanalization is associated with improved functional out-
comes and reduced mortality[7]. Thus, the generalizability 
of  the results from these trials to modern endovascular 
stroke practice is limited, and future randomized con-
trolled trials are still needed.

As supported by the subgroup analysis of  patients 
with CTA-positive LVO from the IMS Ⅲ trial, evidence 
still supports the use of  endovascular mechanical throm-
bectomy for LVO within eight hours of  symptom onset. 
Importantly, none of  these trials raised questions about 
the safety of  endovascular therapy. Recanalization is now 
possible in over 80% of  cases, and for many patients, 
endovascular therapy is the only available treatment op-
tion. As endovascular devices and operator experience 
continue to evolve, improvements in patient outcomes 
are expected. Future trials will need to focus on proper 
patient selection and achieving optimal therapeutic effect 
(vessel recanalization) with modern endovascular devic-
es[69]. Three ongoing clinical trials (THERAPY, SWIFT-
PRIME, and POSITIVE) appear to have incorporated 
these key principles into their study design.     

CONCLUSION
Endovascular mechanical thrombectomy involves the 
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Abstract
Long-term epilepsy associated tumors (LEAT) repre-
sent a well known cause of focal epilepsies. Glioneu-

ronal tumors are the most frequent histological type 
consisting of a mixture of glial and neuronal elements 
and most commonly arising in the temporal lobe. Cor-
tical dysplasia or other neuronal migration abnormali-
ties often coexist. Epilepsy associated with LEAT is 
generally poorly controlled by antiepileptic drugs while, 
on the other hand, it is high responsive to surgical 
treatment. However the best management strategy of 
tumor-related focal epilepsies remains controversial 
representing a contemporary issues in epilepsy sur-
gery. Temporo-mesial LEAT have a widespread epilep-
tic network with complex epileptogenic mechanisms. 
By using an epilepsy surgery oriented strategy LEAT 
may have an excellent seizure outcome therefore sur-
gical treatment should be offered early, irrespective of 
pharmacoresistance, avoiding both the consequences 
of uncontrolled seizures as well as the side effects of 
prolonged pharmacological therapy and the rare risk of 
malignant transformation.
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Core tip: Long-term epilepsy associated tumors (LEAT) 
represent a frequent cause of focal epilepsies, particu-
larly in children and young adults. Epilepsy associated 
with LEAT is generally poorly controlled by antiepileptic 
drugs while it is extremely responsive to surgical treat-
ment. Temporo-mesial LEAT have a widespread epilep-
tic network and complex epileptogenic mechanisms. 
The best management strategy of tumor-related focal 
epilepsies remains controversial representing a contem-
porary issues in epilepsy surgery. 
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INTRODUCTION 
Brain tumors, mostly low grade tumors, are associated 
with epilepsy in more than a half  of  cases and approxi-
mately 30% of  tumor-associated epilepsy are pharmaco-
resistant.

Recent advances in neuroimaging and neurophysiol-
ogy have allowed the recognition of  subtle epilepsy-
associated focal structural lesions, and have improved our 
understanding of  the complex functional relevance of  
these lesions for seizure generation. Among this group 
of  lesions the concept of  long-term epilepsy associ-
ated tumors (LEAT) describes the wide group of  low 
grade tumors in patients associated with chronic focal 
epilepsy[1-5]. Indeed, developmental brain lesions, in par-
ticular glioneuronal tumors (GNT), often associated with 
malformations of  cortical development, in particular 
focal cortical dysplasia (FCD)[1,3,4], are among the most 
common causes of  pharmacologically intractable epi-
lepsy. In the setting of  epilepsy surgery a brain tumor is 
the second most common cause of  focal epilepsy[6] and it 
could be encountered in approximately 30% of  patients 
operated on for refractory focal epilepsy[5,7,8].

Epilepsy associated-tumor is a debilitating condition, 
causing distress and adversely affecting the quality of  
life[3,5,9-17].

Epileptic seizure incidence varies according to tu-
mour location and hystotype. Furthermore low-grade 
tumors often are more epileptogenic than high-grade tu-
mours[8,10,12,13,16,18].

Epilepsy associated with brain tumours can be di-
vided into two groups: tumors without other symptoms 
(usually low-grade tumors affecting children or young pa-
tients) or tumors together with neurological deficits (more 
frequently high-grade tumours in middle-aged and older 
patients)[10].

In the group of  epilepsy associated with low grade 
tumors it is useful to further distinguish between the pre-
eminence of  oncological and epileptic logical aspects. In 
the group of  the “diffuse low grade glioma” (LGG) the 
oncological aspects should prevail according to the pro-
gressive course of  the neoplastic brain disease[10-12,15,16,19-22]. 
On the contrary in the group of  LEAT, mainly repre-
sented by glioneuronal tumors (GNTs), epilepsy control 
should be the main goal[1,3-5,8,23-28].

The group of  LEAT, is currently enlarging not only 
for the recognition of  new, often rare, histotypes but also 
for the identification of  tumors having hybrid and/or 
mixed features[3,29-32]. The biologic behaviour of  LEAT 
is generally benign even if  some tumors could present 
recurrence or malignant transformation[5,33]. New tu-
moral entities have been recently introduced and there 

is ongoing debate on improving consensus for diagnosis 
of  LEAT between specialized centers[3,30]. While LEAT 
rarely coexist with hippocampal sclerosis (2%-25% of  
cases ) they may often be associated with FCD (40%-80% 
of  cases)[2,23,24,29,34-36].

LONG TERM EPILEPSY ASSOCIATED 
TUMORS
The histological characteristics of  these tumors influence 
their propensity to generate seizures. 

Gangliogliomas 
Gangliogliomas (GG) are the most common neo-
plasm causing chronic focal epileptic disorders (about 
40%)[5,37-39]. GG can occur in any part of  the central 
nervous system, although the temporal lobe is the most 
common location[5,33,40] followed by the frontal lobe, the 
optic pathway, the spinal cord, the brainstem, the cerebel-
lum and the pineal gland.

Dysembryoplastic neuroepithelial tumors 
Dysembryoplastic neuroepithelial tumors (DNT) are 
grade I WHO tumors with cystic components, described 
by Daumas-Duport et al[41] in 1988 as a typically corti-
cal tumor affecting children and young adults with long-
standing, drug-resistant epilepsy. Most frequently DNT 
are sited in the cortex of  temporal lobe above all at the 
temporo-mesial site[42-46]. Rarely DNTs have been de-
scribed in ectopic locations (septum pellucidum and the 
caudate nucleus)[47] in the pons, thalamus, basal ganglia, 
cerebellum, third ventricle, and brainstem. Familial occur-
rence of  these neoplasms have been described.

Pleomorphic Xanthoastrocytoma 
Recently also pleomorphic Xanthoastrocytoma (PXA) 
has been considered part of  this group of  tumors. In 
fact, in addition to the astrocytic nature, there is growing 
evidence that PXA exhibits some histological, immuno-
phenotypic and ultrastructural neuronal features[48,49]. Fur-
thermore occasionally, FCD can be associated with PXA.

Papillary glioneuronal tumor
Firstly described by Kim et al[50] 1997, Papillary glioneuronal 
tumor (PGNT) most frequently arises in a supratentorial 
locationwith rare case showing multilobar involvement[3]. 
At MRI they appear as a cystic enhancing lesion with solid 
areas and often a mural nodule. PGNTs affect young adults. 

Pilocytic astrocytoma 
Supratentorial pilocytic astrocytoma (PA) is frequently 
presents with chronic epilepsy. PA are included within 
the common histological entities encountered in series of  
tumor-associated epilepsy cases[3,5,30,51]. 

Diffuse astrocytoma
Diffuse astrocytomas mostly arise in the cerebral hemi-
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spheres of  young adults (frontal and temporal cerebral 
lobes) and seizures represent one of  the most com-
mon symptoms. It has been described in the group of  
LEAT[52]. Some author stated that initial presentation 
with seizures could influence long-term survival[30,53]. 

Oligodendroglioma
Oligodendrogliomas usually arise in the cerebral hemi-
spheres of  young adults. They belong to LEAT group. 
Seizures represent a common presenting symptom[3,5,30].

Angiocentric gliomas 
low grade cerebral tumor mostly affecting children and 
young adults and it is more and more frequently identi-
fied in the setting of  chronic epilepsy[3]. Angiocentric 
gliomas (AG) have a cerebro-cortical location, often with 
involvement of  the fronto-parietal and temporal lobe.

Extraventricular neurocytoma
This rare entity, may be considered in the spectrum of  
GNT associated with focal epilepsy[29]. 

LEAT with mixed tumor features
“Hybrid” tumors constituted by mixed forms of  ganglio-
glioma and DNT but also PXA and ganglioglioma, PXA 
with DNT and, PXA with an oligodendroglioma have 
long been recognised, representing an increasing group 
of  tumors in epilepsy surgical series. Cases where a PA 
developed within a DNT, as well as PA grew in combi-
nation with a low-grade oligodendroglioma, have been 
noted[54,55].

TUMOR SITE
In the setting of  low grade tumors associated with epi-
lepsy, diffuse LGG (WHO grade Ⅱ gliomas) are mainly 
found in the insular, fronto-insular, temporo-insular re-
gions (namely paralimbic structures) representing the iso-
mesocortical transition zone[56]. 

Instead, LEAT mainly arise in the temporo-mesial 
structures (namely limbic lobe) in the site of  allo-iso-
cortical transition, harboring more frequently a neuronal 
differentiation maybe due to their proximity to the hip-
pocampal granular layer where neurogenesis during adult 
life takes place[56-62].

In our findings[8,26,28,36] according with others[62-65] in 
the mesial temporal lobe both the lesion and hippocam-
pus seem to be epileptogenic even if  there are no other 
MRI abnormality (hippocampal sclerosis) and pathologi-
cal examination shows normal findings. 

PATHOGENESIS OF TUMOR-
ASSOCIATED SEIZURES
Epileptogenesis of  brain tumors depends on the histo-
type and location, even if  the complexity of  structural 
and molecular changes implies a multifactoriality of  the 
pathogenesis[10,28,66,67] and may differ according to histolo-

gies (GNT vs diffuse low grade gliomas)[4,10,15,16,68,69]. The 
comprehension of  the epileptogenesis in GNT is crucial 
to treat effectively pharmacologically intractable epilepsy 
(as discussed above) represents the initial, and often the 
only, clinical manifestation of  the tumor and critically af-
fects the patient’s daily life.

LEAT are often large tumors, with a high propensity 
to develop seizures when located in temporal or fron-
tal lobes[10,70]. GNT are composed of  peculiar cellular 
components with hyperexcitable neurons, functionally 
integrated into excitatory circuitries, and neurochemi-
cal characteristics that can be relevant for epileptogen-
esis[34]. Data provided by intralesional EEG recording 
have demonstrated intrinsic epileptogenicity of  GG and 
DNT[71,72]. In addition, immunocytochemical studies 
showing high expression of  specific glutamate receptors 
(GluR) subtypes suggest a hyperexcitability in the neuro-
nal constituent of  GNT[73,74]. An additional mechanism 
that can sustain epileptogenesis is related to an unbalance 
between excitation and inhibition due to to a prominent 
expression of  mGluR5 and downregulation of  several 
gammaaminobutyric acid (GABA-A) a receptor (GABA-
AR) subunits that suggest an impairment of  GABAergic 
inhibition[75,76]. Furthermore, a disturbed ion homeostasis 
and transport could represent an additional potential 
mechanism leading to increased excitability in GNT[9,77]. 

Another potential epileptogenic mechanism is related 
to a possible role of  inflammation in the pathophysiol-
ogy of  human epilepsy[78]. Proinflammatory molecules 
have been shown in experimental models to decrease the 
seizure threshold[78,79] and may be involved in the genera-
tion of  seizures in brain tumors, particularly in GNT[80]. 
Different mechanisms can cause an increment of  neuro-
nal excitability, for instance by enhancing the extracellular 
glutamate concentrations, as well as modifying the func-
tion of  both glutamate and GABA receptors. Further-
more in GNT, particularly in GG, inflammatory changes 
have been showed to be associated with evidence of  
alterations in blood-brain barrier (BBB), with albumin ex-
travasation and uptake in tumor astrocytes[66,81]. Interest-
ingly, some data have shown also a prominent upregula-
tion of  the mTOR pathway, known to be a key regulator 
of  cellular changes involved in epileptogenesis in GNT, 
particularly in GG[82,83].

Several other additional mechanisms have been hy-
pothesized to account for enhanced excitability in GG, 
such as for example, hypoxia and acidosis, ionic changes, 
and deposition of  hemosiderin in the peritumoral re-
gion[10]. Enzymatic changes may also occur in peritumoral 
tissue, impairing neurotransmitter synthesis and storage, 
and contributing to tumor-associated epilepsy. Finally, as-
sociation with cortical dysplasia (as discussed below) also 
has to be considered in the evaluation of  the epileptoge-
nicity of  GG. Indeed the identification of  a coexistent 
pathology may be clinically relevant since it has been ex-
tensively reported that the tumor itself  may be electrically 
silent and the origin of  seizures is from a pathological 
tissue adjacent to the tumor[42,77,84]. The implication is that 
excising the tumor and leaving in place the nearby abnor-
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mal epileptogenic tissue, may give unsatisfactory results 
on the seizure outcome. Young age and long duration of  
illness are associated with an increased risk of  secondary 
epileptogenesis. GNT can be intrinsically epileptogenic, 
even when associated with FCD[71].

CLINICAL AND EEG FEATURES OF 
FOCAL EPILEPSY ASSOCIATED WITH 
LEATs 
Clinical features 
Focal epilepsy is the most common and often the only 
symptom of  LEAT. Neurological deficits are relatively 
uncommon, varying from 0% to 15% according to dif-
ferent series: the neurological sparing might depend on 
the indolent and slow course of  LEAT that might allow 
compensation of  possible brain impairment by slowly 
developing plastic processes, particularly in the young 
age. Epilepsy can appear at any age: however, the major-
ity of  cases present with an epilepsy onset in adolescence 
and young adulthood. In DNET, seizures appear almost 
always and more than half  of  the patients have focal 
seizures with alterated consciousness, with or without 
secondary generalization[85]. Regarding GGs, 80%-90% 
of  patients seizures represent the only clinical symptom 
(mainly secondarily generalized tonic-clonic seizures)[86,87]. 
As already reported, the most common location of  GG 
is the temporal lobe where they are frequently positive 
to CD34 glycoprotein staining. On the contrary it is not 
reported the association with CD34 for GG located in 
other sites of  the brain[37,86-88]. It could be argued that 
this protein might represent a marker of  dysplastic dif-
ferentiation and that it could contribute to epileptogen-
esis. Seizure semiology is related to the site of  tumor. 
In general, complex partial seizures with aura are more 
common in LEAT located in the temporal lobe, whereas 
secondary generalization is more common in epilepsies 
associated with extratemporal LEAT[39]. However, the ex-
tension of  the tumor-related epileptogenic area may vary 
according to the anatomical location of  the neoplasm: in 
fact, several data suggest that epileptogenic zone may be 
more widespread and complex in focal epilepsies associ-
ated to LEAT in the mesial temporal lobe in comparison 
to neocortical temporal lateral locations[36,40,61,65]. Occur-
rence of  status epilepticus has been reported to be rare. 
Clinical parameters that differentiated patients operated 
on in childhood from patients operated on in adulthood 
were: (1) aura that was reported more often in the adult 
group, but it should be noted that this finding might at 
least partially depend on the fact that, in general, children 
are less able to refer their auras; and (2) mean age at sei-
zure: probably due to the fact that developing brain has 
a low seizure threshold which leads to early and frequent 
seizures. Moreover, in pediatric age, malformations of  
cortical development are most often the basis of  lesional 
epilepsy that is characterized by a high seizure frequency 
that can facilitate an early diagnosis and that can lead to 

early evaluation for a surgical approach. No differences 
between the clinical features of  epilepsy associated with 
DNET and with GG have been reported[42,89]. A favor-
able seizure outcome has been observed in cases with a 
short duration of  epilepsy, only partial seizure and the 
lack of  secondary generalization . Response of  GNT-
associated epilepsy to antiepileptic treatment is variable, 
but drug-resistance is quite common[5,39,42,90]. 

Task Force of  the ILAE Commission on Therapeutic 
Strategies defined drug resistant epilepsy as the failure 
of  adequate trials of  two tolerated, appropriately chosen 
and used antiepileptic drug (AEDs) schedules (whether 
as monotherapies or in combination) to achieve sustained 
seizure freedom[91].

Several explanations could be at the basis for drug 
resistance. AEDs could be affected by the biochemical 
milieu of  the peri-tumoral space.

Furthermore significant interactions between AEDs 
and other drugs (i.e., chemoterapeutics) may decrease 
antiepileptic effectiveness, while increasing side effects 
interfering with the hepatic cytochrome P450 system. 
Furthermore AEDs resistance might result from over ex-
pression of  multi-drug resistance-related proteins (MRPs) 
in tumors (particularly in capillary endothelial cells and 
astrocytes), which restrict the penetration of  lipophilic 
substances into the pathologic tissue[10]. 

EEG features
Usually interictal EEG shows spikes and/or, sharp waves, 
sometimes intermixed with slow activities; in some in-
stances normal EEG have been reported. These abnor-
malities, in preoperative EEG are commonly lateralized 
to the tumor side, less often to the correct lobe. How-
ever, Morris et al[39] (1998) reported that the occurrence 
of  interictal EEG abnormalities and ictal EEG onset in 
correspondence of  the site of  the tumor may not be pre-
dictive of  seizure outcome; indeed, in some cases a post-
operative poor seizure outcome has been reported in 
patients with EEG interictal and ictal findings perfectly 
concordant with tumor location. On the other hand, also 
patients with EEG slow or epileptiform abnormalities 
distant from the tumor site or with ictal EEG onset non-
localized or widespread to a whole hemisphere improved 
regarding seizure outcome after tumor resection[39]. In 
temporal lobe GNT, long-term video-EEG monitor-
ing may allow recording of  seizures and identification 
of  the epileptogenic zone; indeed, several data suggest 
that in mesial temporal lobe GNT a tailored resection 
that include, besides the tumor, the epileptogenic area 
as defined by the anatomic and electroclinical correla-
tions performed on the ictal video-EEG data, provides 
better post-operative seizure outcome as compared to 
simple lesionectomy[36,45,61,92,93]. In cases of  undetermined 
lateralization of  seizure focus, invasive EEG investiga-
tions may provide useful information, although in GNT-
associated focal epilepsy the main goal of  intracerebral 
recordings is usually to map eloquent cortex in proximity 
of  the neoplasm. Several reports focused on prediction 
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of  poor postoperative outcome by identifying ECoG 
spike discharge patterns in FCD and the persistence of  
seizure patterns or continuous epileptiform discharges 
in post-resection ECoG recordings . There are little evi-
dences about the ECoG discharge patterns in patients 
with GNTs because of  the small numbers of  patients 
investigated[89,93,94]. Different disorders (LEAT and FCD) 
may have similar electrocorticographic abnormalities 
probably due to the common developmental origin. In 
these cases have been observed continuous spiking (more 
often in FCD), bursts, and recruiting discharges. When 
continuous spiking is found in GNT, it is likely to be 
due to associated dysplastic regions with a high neuronal 
density[45,93]. A recent study employed MEG to investigate 
possible differences in whole brain topology of  epileptic 
glioma patients, comparing them to patients with non-
glial lesions and healthy controls. LGG patients showed 
decreased network synchronizability compared to healthy 
controls in the theta frequency range (4-8 Hz), similar to 
patients with non glial lesions. Network characteristics are 
associated with clinical presentation (seizure frequency in 
LGG), and with poorer cognitive performance (both low 
grade and high grade glioma) suggesting that histology 
could partly determine differences in epileptogenesis and 
epileptic probably due to differences in cortical plasticity. 
Interestingly, it would seem that low grade glioma and 
non tumoral lesions have a decreased synchronizability 
that could predispose to a high occurrence of  seizures 

and cognitive decline.

IMAGING
Gangliogliomas and gangliocytoma 
The differentation between GG and gangliocytoma (GC) 
is mainly based on histology. They may have variable tu-
mour size (2-3 cm) and a typical location at the periphery 
of  cerebral hemispheres. There is usually little associated 
mass effect and peripheral vasogenic edema and superfi-
cial lesions may expand cortex and remodel bone. 

The MR signal of  GG is variable and inhomogeneous 
due to the presence of  a combination of  solid, cystic and 
calcified components[46,95] (Figures 1-4).

Calcifcations can be more conspicuous as areas of  
hypointensity on T2* gradient echo weighted images, or 
even more evident at unenhanced CT (Figure 1E). 

Medium contrast enhancement could be variable: 
nodular, intense and homogenous (Figure 3E); “ringlike” 
appearance (Figure 4C) but also nonenhancing (Figure 
1D). Although extremely rare GG may show focal lepto-
meningeal involvement (Figure 4C).

Dysembryoplastic neuroepithelial tumor
DNET are well-demarcated, wedge shaped, multinodu-
lar, “bubbly” intracortical tumors often similar to other 
LGG. 

DNET may show a multicystic morphology more 
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Figure 1  Ganglioglioma World Health Organization grade I of the right posterior middle temporal gyrus. Axial FLAIR T2-w (A) and coronal IR T1-w (B) images 
show inhomogeneous cortical-subcortical mass extending within the deep white matter and reaching the ependymal layer. The tumor presents a combination of solid, 
cystic and calcified components. The latter is better identified on coronal T2*-w sequence (C). Post-contrast axial T1-w image (D) shows no pathological enhancement 
and axial CT scan (E) confirms the calcified component. Coronal IR T1-w image (F) demonstrates lesion resec-tion; G: Histological examination evidences a biphasic 
neoplastic population, with neu-ronal and glial elements.
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frequently than GG. Absent or very slow increase in size 
over time is typical of  DNET, and recurrence is also 

extremely rare. Contrast enhancement could be found in 
about 30% of  cases.
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Figure 2  Gangliocytoma and Mesial Temporal Sclerosis MTS (dual pathology). Coronal Flair T2 (A) and T1-w images (B) demonstrate a right hippocampal atro-
phy with signal hyperintensity on FLAIR. The ipsilateral temporal horn is dilated. Axial T1-w pre- (C) and post-contrast injection (D) show a non-enhancing multicystic 
lesion with calcification near the optic tract. The right mammillary body is atrophic (arrowhead); E: Neoplastic ganglion cells exhibit disorganized clusters and show ab-
normal cytologic features; F: Hippocampal specimen displays ILAE hippocampal sclerosis type 1, with severe pyramidal cell loss in both CA1, CA3 and CA4 sectors.
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Figure 3  Ganglioglioma World Health Organization grade I of the left temporo-mesial cortex. The tumor shows heterogeneous cortical-subcortical high signal 
on axial proton density weighted image (A). It appears partially cystic on coronal IR T1 (B) FLAIR T2 (C), T1 (D) weighted sequences. Post-contast T1-w image dis-
plays nodular, intense and homogenous enhancement (E). Low-magnification view shows a vaguely lobulated, hypocellular vascularized neoplasia, with scattered 
lymphocytic infiltrates (F).
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On CT scan the tumor appears as a cortical-subcor-
tical hypoattenuating mass with sporadic calcifications. 
Scalloping of  the adjacent inner table of  the skull may 
also be present. At MR imaging, DNET most commonly 
manifest as pseudocystic, multinodular cortical masses 
that are hypointense on T1-weighted images and hyper-
intense on T2-weighted images with minimal or without 
mass effect and surrounding vasogenic edema (Figures 5 
and 6).

Some lesions may expand involving cortical gyri and, 
producing a soap bubble appearance at the cortical mar-
gin. (Figures 5 and 6). 

Pleomorphic Xanthoastrocytoma 
PXA classically, although not specifically, appear as cystic 
supratentorial mass containing a mural nodule and invol-
vong cortex and adjacent leptomeninges[96]. PXA is usu-
ally a circumscribed and slow growing lesion, that rarely 
recurs; size and morphology are variable. 

At unenhanced CT the tumor appears as a hypo or 
isoattenuating mass. Calcifications are rare. On MRI T1- 

WI PXA are usually hypo to isointense displaying inho-
mogenous, mainly iso-hyperintense, signal intensity on 
T2-weighted sequences. Peritumoral edema is relatively 
uncommon. They usually enhance after gadolinium injec-
tion (Figure 7). Leptomeninges contrast enhcement is 
highly characteristic[97].

Extraventricular neurocytoma
Extraventricular neurocytoma may be difficult to dif-
ferentiate from other types of  low-grade tumor, such as 
GGs or DNET. It could be a well circumscribed, het-
erogeneous and variably enhancing mass. CT and MRI 
aspects depend on the cellularity and degree of  calcifica-
tion. They may have peritumoral oedema and intralesion-
al cyst but rarely intralesional bleeding[29,98,99].

Pilocytic astrocytoma
Pilocytic astrocytomas are the most common form of  
glioma in childhood and most frequently manifest in the 
first two decades of  life[100]. They may arise anywhere 
within the neuraxis, but among the pediatric population 
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Figure 4  Ganglioglioma and associated focal corti-
cal dysplasia IIa. Coronal FSE T2-w (A, B) demonstrate 
a temporo-mesial heterogeneously hyperintense lesion. 
Post-contrast coronal T1-w (C) shows enhancement of the 
tumor and adjacent leptomeninges. A signal abnormality 
extending from the surface of the ventricle to the pole (ar-
rowheads in D) and adjacent anomalous sulci (arrow in A) 
were suspicious for FCD, subsequently histologically con-
firmed. Microscopy evidenced a tumor composed of gan-
glion cells intimately intermixed with astrocytic elements (E) 
and focal cortical dysplasia with dysmorphic neurons (FCD 
Type IIa) (F).
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Figure 5  DNET of the right uncus. Axial T2-w (A) and sagittal 3D T1-w (B) reveal a cystic cortical mass well-demarcated, without perilesional oedema or mass 
effect. On coronal FLAIR T2-w image (C) the tumor is variably hypo- and isointense. Post-contrast axial T1-w sequence (D) shows no enhancement. Histological ex-
amination shows a tu-mor characterized by the “specific glioneuronal element”, typical of DNET, (E), while the cortex adjacent to the tumor displays cortical lamination 
abnormalities compatible with FCD type IIIb (F); the latter was not depicted at MR study.
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Figure 6  Extra temporal DNET. Sagittal 3D T1 (A) coronal IR T1 (B) and FLAIR T2-w (C) demonstrate a cystic wedge-shaped lesion in the right fronto-orbital gyrus. 
On FLAIR T2-w the tumor is slightly hypointense with a faint hyperintense rim. On post contrast coronal T1-w images there is no enhancement uptake (D); E: Post-
surgical scan on cor-onal IR T1-w; F: Microscopic study evidences the presence of floating neurons, a feature of DNET, in microcystic areas lined with oligo-like cells.
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they are more frequently found infratentorially. Optic 
nerves, optic chiasm and hypothalamus, basal ganglia, 
and thalamus represent other common localtions. Cere-
bral hemispheres involvement has been less frequently 
described[100].

Pilocytic Astrocytomas are commonly characterized 
by fluid accumulation, with subsequent cyst formation 
and by mural nodule or a rim of  tissue surrounding the 
cyst that enhances on post-contrast imaging. Predomi-
nantly solid mass lesions with minimal or no cyst have 
been described[101] (Figure 8). 

Calcification may be seen in up to 25% of  cases and 
haemorrhage has been reported. On MRI the solid por-
tion of  the neoplasm is typically isointense to hypoin-
tense on T1 weighted images and hyperintense on T2 
weighted sequences to grey matter and it enhances after 
gadolinium chelates injection (Figure 8D). The signal 
intensity of  the cystic portion is often not suppressed on 
FLAIR T2 weighted images due to its protein content. 

MR spectroscopy reveals elevation in choline and 
reduction in NAA, with minimal elevation in lipid peak 
(Figure 8F). Lactate peak could be elevated, representing 
alteration in mitochondrial metabolism or variability in 
glucose uptake[102]. 

Diffuse astrocytoma 
Diffuse astrocytomas are diffusely infiltrating primary 
brain neoplasms of  astrocytic origin that are classified as 

WHO grade Ⅱ.
Diffuse astrocytomas are usually at unenhanced CT 

iso to hypoattenuating lesions. They do not enhance on 
post-contrast imaging. Calcifications may be present in 
approximately 20%; cyst formation is rare.

MRI demonstrates astrocytomas as relatively ho-
mogenous mass involving and expanding more typically 
cerebral hemispheres cortex and adjacent white matter. 
The lesions are high in water content, thus appearing as 
hyperintense on T2 weighted images and hypo isointense 
on T1 weighted sequences. They usually lack peritumoral 
oedema (Figure 9). 

Well differentiated Astrocytomas has a variable ap-
pearance after contrast agent administration, but usually 
shows no significant contrast enhancement (Figure 9C). 
In general, contrast enhancement is not recognized as a 
reliable indicator of  the grade of  infiltrative astrocyto-
mas. MR perfusion imaging however seems to be more 
informative for distinguish low- and high-grade astro-
cytoma and for identifying low-grade lesions that could 
more likely behave aggressively[103].

On dynamic contrast enhanced T2* weighted MR 
perfusion imaging study rCBV is typically less than 1.75 
(Figure 9D)[104].

MR Spectroscopy should display Cho elevation and 
NAA reduction. A High myo-inositol to Creatine ratio 
(Myo/Cre) in also present (Figure 9E)[105]. 

FOCAL CORTICAL DYSPLASIA AND 
LEAT
LEAT and focal cortical dysplasia FCD are common 
findings in drug-resistant focal epilepsies, and frequently 
coexist[1,6,8,24,34,36,104,106-109].

Rarely MRI features of  LEAT could be misinterpret-
ed as FCD. Generally most important neuroradiological 
findings in FCD are increased cortical thickness, blurring 
of  the cortical-white matter junction, increased signal on 
T2-W, a radially oriented linear or conical transmantle 
stripe of  T2 hyperintensity, cortical thinning, and local-
ized brain atrophy[34,110-112] (Figure 10). 

Some limitations are encountered in the correct 
identification of  different FCD types or subtypes[111-114]. 
A high number of  false negatives is detected with FCD 
type I and slightly fewer with FCD type Ⅱa (about 50% 
sensitivity). FCD Ⅱb is much more easily identified (about 
90% sensitivity)[112,113] (Figure 10).

Association between LEAT and FCD poses further 
issues into its correct identification. In a limited serie 
of  patients with LEAT, who underwent surgery at our 
Institution associated FCD has been correctly identified 
in the majority of  cases[113] (Figure 4). In a few cases peri-
tumoral edema and neoplastic infiltration both caused 
subcortical white matter signal alterations, determining 
false positives (FP) and false negatives (FN) FCD results. 
Indeed, the signal abnormality is able to mimic a blurring, 
but it could hide a FCD contiguous to the tumour (Figure 
11). 
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Figure 7  Pleomorphic xanthoastrocytoma World Health Organization 
grade II. Axial T2 w (A) and coronal IR T1-w (B) images show temporo-polar 
mixed signal intensity cortical mass with a small cystic component anteriorly 
(arrow in A). Post-contrast coronal SE T1w (C) shows a well-delineated, periph-
erally located enhancing nodule. (D) Microscopically the tumor is characterized 
by huge cytologic atypia, a vaguely fascicular arrangement and scattered eo-
sinophilic granular bodies.
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Figure 8  Pilocytic astrocytoma World Health Organization grade I of the right frontal lobe. Axial FLAIR T2-w (A) and coronal lR T1-w (B) images show a cor-
tical-subcortical lesion, with cystic component, with minimal mass effect. The tumor appears well de-marcated (C) on 3D sagittal sequence and displays nodular and 
homogeneous en-hancement on post-contrast axial T1-w images (D). Perfusion study doesn’t show any rCBV increase within the lesion (E). MR Spectroscopy (MRS) 
study (F) reveals elevation in choline and reduction in NAA. (G) Histological examination shows a tumor com-posed of areas rich in myxoid material, elongated glial 
elements with uniform nuclei and numerous eosinophilic granular bodies.
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Figure 9  Temporo-mesial astrocytoma World Health Organization grade II. Axial FLAIR T2-w (A) shows a left temporal hyperintense mass, involving mainly the 
hippocampus. The lesion is slightly hypointense on T1-w image (B) and does not demonstrate enhancement after gadolinium injection (C). Perfusion study reveals 
no significant rCBV increase (D). MRS study shows a faint NAA reduction, a slight Cho elevation and high mI, expression of low grade glioma (E). Postsurgical axial 
FLAIR T2-w (F). (G) This histological picture exhibits in the left side a portion of hippocampus and in the right side an infiltrating astrocytoma, composed of fibrillary 
elements with varying degree of hypercellularity.
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These limitations were more evident when tumour size is larger (Figure 12). MRI sensibility can be reduced 
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Figure 10  Focal cortical dysplasia with balloon cells (Taylor). Axial (A) and sagittal (B) reformatted fat-saturated 3D FLAIR images show a left temporo-mesial 
cortical thicken-ing (arrow) and white matter tapering to the temporal horn of the lateral ventricle (arrowheads). MR spectroscopy shows normal metabolite concentra-
tions (C). (D) Histol-ogy demonstrates the presence of typical balloon cells, showing large and opalescent glassy eosinophilic cytoplasm.
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Figure 11  Gangliogliomas World Health Organization grade I of the left temporo-mesial region and focal cortical dysplasia IIa subtype associated. Axial 
and coronal T1-w images (A-B) show thickening of amygdala and uncus (arrow in B). Axial and coronal FLAIR T2-w images (C-D) present blurring and adjacent sub-
cortical high signal abnormality compatible with a focal cortical dysplasia (FCD). Microscopy evidenced a glioneuronal tumor, with scattered binucleated ganglion cells, 
compatible with a gan-glioglioma (E) and dysmorphic neurons in the adjacent cortex (FCD Type IIa) (F).
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by an incomplete protocol too. 

MOLECULAR ASPECT OF LEAT
The following molecular markers may facilitate differen-
tial diagnosis of  LEAT: (1) IDH1 and IDH2 mutations: 
common in low grade diffuse gliomas (70%-80%), while 
they are generally not present in PA and GNT[115]; (2) 
LOH 1p/19q: constitutes the keystone in diagnosis of  
oligodendrogliomas (> 70% of  tumors), while it has not 
been detected in DNT, a useful difference in those cases 
in which histological aspects do not permit a conclusive 
diagnosis[116]; and (3) BRAF V600E mutations: frequently 
found in PXA, GG and PA, whereas diffuse grade Ⅱ 
gliomas harbor only rarely these mutations[117].

As recently observed these BRAF-mutant grade Ⅱ 
diffuse gliomas seem to present with refractory seizures 
and frequently are located within the temporal lobe.It as 
been proposed that BRAF mutations could be strictly 
linked to epileptogenesis[118].

Interestingly we found that BRAF mutations could be 
present in the FCD associated with LEAT, suggesting a 
pathogenetic role of  BRAF mutations in cyto-architec-
tural dysplasia and in the tumorigenesis of  LEAT[109].

SURGICAL STRATEGIES FOR LEAT 
Epilepsies associated to LEAT are usually unsatisfactorily 

controlled by antiepileptic drugs, whereas excellent results 
can be achieved by surgery[4,5,26,28,42,65,92,119]. Various surgical 
approaches have been adopted for the radical resection 
of  these tumors. The choice of  surgical approach is also 
related to the goal of  surgical strategy. 

The surgical strategy may be directed only to on-
cological issues and/or to resolve epilepsy. In this last 
condition we must have an epilepsy surgery oriented ap-
proach. 

A non-invasive presurgical study and neuropsycologi-
cal assessment, may define the extension of  the epilep-
togenic zone and may address the choice of  the better 
surgical strategy to optimise seizure control (lesionectomy 
or tailored resection)[24,26,28,36,120]. 

Rarely in the setting of  epilepsy associated tumor may 
be necessary an invasive presurgical study (using subdural 
grid, depth electrodes, or stereo-EEG)[24,64,121-123]. LEAT 
are certainly the prototype of  cases where epilepsy is the 
main problem. However, in recent years, even in cases 
where the main problem is oncological, it is becoming 
equally important trying to preserve brain functions and 
to best cure even epilepsy (especially when tumors involve 
mesiotemporal structures, the insular lobe, or the central 
area) in order to improve the quality of  life[15,63,64,124].

Several authors analyzed epileptological outcome ac-
cording to surgical treatment in tumor-related chronic epi-
lepsy. While some argue that lesionectomy alone is enough 
for good seizure control others say that the best manage-
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Figure 12  Gangliogliomas and focal cortical dysplasia IIa. Sagittal 3D T1-w (A), coronal FLAIR T2-w (B) and axial T2-w (C) reveal an inhomogeneous mass, 
involving the right hippocampus and the temporal pole. Due to the size of the tumor, the associated dysplasia is not clearly visible. Histological examination demon-
strates the presence of a glioneuronal tumor with small ganglion cells in a desmoplastic stroma (D) and of dysmorphic neurons in the adjacent cortex (focal cortical 
dysplasia Type IIa) (E).
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ment should include additional resection of  epileptogenic 
zones adjacent to the tumor[26,28,36,39,40,44,62,119,120,125,126]. 

In Epilepsy-associated tumors it reaches a special 
meaning for the epileptogenicity and surgical strategies, 
the site of  the lesion, i.e., temporal, mesio-temporal (or 
limbic), temporo-lateral, paralimbic, extratemporal, elo-
quent areas[8,26,28,36,40,44,45,56,63,119,125,126].

Regarding limbic and paralimbic system, the role of  
hippocampus in the epilepsy network is pivotal since that 
could play a pivotal role in epileptogenesis even without 
obvious neuroradiological and pathological changes (i.e., 
hippocampal sclerosis)[26,28,36,61,64,127].

The limbic system consists of  the following ele-
ments, which are all directly or indirectly interconnected: 
the temporo-mesial structures (hippocampus, the 
parahippocampus,giryus) and the cingulate gyrus[58,60,61,128]. 
The paralimbic system is composed of  3 independent 
anatomical parts: the orbitofrontal cortex, the tempo-
ropolar cortex, and the insula[58,60,128]. The limbic system 
is connected via the entorhinal cortex and the uncinate 
fasciculus to the paralimbic system. In the setting of  low-
grade tumors associated with epilepsy WHO Grade Ⅱ 
gliomas are mainly found in the paralimbic system while 
glioneuronal tumors are found in the limbic system (tem-
poromesial structures)[8,57]. 

LEAT are frequently associated with type Ⅰ or type Ⅱ
a cortical dysplasia which, in contrast to focal cortical dys-
plasia type Ⅱb, are more difficult to identify with MRI[1,8,

24,36,109,111,113]. It means that the anatomical structural lesion 
can be larger than what have been detected by MRI[110,113]. 

For this reason the target of  the surgical resection 
should be the epileptogenic zone defined according to 
neuroradiological, clinical, neurophysiological and neuro-
psycological findings[40,129].

In case of  LEAT located near or in eloquent area, the 
surgical approach is usually directed only to the anatomi-
cal structural lesion. Regarding the more frequent site 
of  these tumors, i.e., the temporal lobe, several approach 
have been used. The surgical strategy used in temporal 
lobe tumors includes lesionectomy, extended lesionec-
tomy, tailored resection, anterior temporal lobectomy.

The majority of  authors agree that lesionectomy 
alone provides the best seizure outcome results in 
LEAT located in the extratemporal and temporo-lateral 
site[40,42,44] while its results for temporomesial lesions are 
questionable[5,8,26,28,40]. Some authors suggested that the 
involvement of  temporo-mesial regions may extend and 
make more complex the epileptogenic zone. 

For this reason the amount of  tissue removed in tem-
poromesial surgeries is considered crucial to gain good 
postoperative results[5,8,60,62,63,65,125,130,131].

One important and persistent problem are the con-
flicting needs of  the necessary extent of  resection and 
the avoidance of  neuropsychological deficits[126,131,132].

SEIZURE OUTCOME
Focal epilepsy associated with LEAT and particularly 

GG and DNT shows the best seizure outcome after 
surgery[5,18,28,36,92,95,119,132-134]. Some authors observed im-
provement of  seizure outcome in young patients whereas 
others found no correlation with age at the time of  sur-
gery[4,28,38,132].

A recent literature meta-analysis about epileptogenic 
gangliogliomas in adult showed that an early surgical in-
tervention of  less than 3 years from the onset of  seizure 
is significantly associated with improved seizure con-
trol[90]. 

Several studies reported that lesionectomy plus tem-
poral tailored resection seems to offer the best results for 
seizure outcome[8,24,26,28,36,40]. Several authors insist that the 
the temporal pole has a pivotal role in epileptogenesis in 
temporomesial epilepsy[130,135,136].

The higher effectiveness of  an extended resection 
beyond the LEAT might depend on the frequent as-
sociation of  this tumor type with other epileptogenic 
pathologies, such as the spectrum of  cortical dysplasias 
that might represent the origin of  a widespread epileptic 
network[8,24,34,36,68].

The new class FCD Type Ⅲb, which includes cases 
with abnormal cortical layering associated with a glial or 
glioneuronal tumor, has been introduced by the ILAE 
classification[34].

However in light of  the frequent association of  FCD 
Type Ⅱ with LEAT and the immunohistochemical evi-
dence of  a common pathogenesis linking LEAT and 
FCD Type Ⅱ[8,24,36,105], the possibility of  creating a unify-
ing class also for this kind of  FCD should be considered.

With respect to oncological behavior, LEAT are usu-
ally indolent WHO Grade Ⅰ lesions, although several 
reports have demonstrated that gangliogliomas may po-
tentially have an evolving course and may demonstrate 
malignant transformation[33,40,70]. Pleomorphic xantho-
astrocytoma can carry a higher risk of  early recurrence 
when it is characterized by numerous mitoses and/or 
necrosis[137-139].

CONCLUSION
We believe that the adjective “long-term” included in 
the acronym LEAT could be prospectively confusing or 
misleading. Nowadays patients with LEAT are operated 5 
years earlier compared to mid 1990s (mean of  7.4 years vs 
12.9 years, respectively)[1,2]. 

The further increase in knowledge and a better recog-
nition of  these lesions among the scientific community 
(neurologists, epileptologists, neuropediatrics, neuroradi-
ologists, epilepsy surgeons, neuropathologists) will lead to 
modify the present concept of  “pharmacoresistance” vs a 
“tailored concept” of  pharmacoresistance related to the 
underliyng pathology submitting many more patients to 
an early surgical treatment[107,132,140]. 

As a pathology-based approach to epilepsy surgery 
will be increasingly adopted[2,28,36,107,132,140,141] an early surgi-
cal treatment will become unavoidable.

In the near future this prototype of  “surgically reme-
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diable cause of  epilepsy” will be properly operated early, 
irrespective of  the concept of  pharmacoresistance, mak-
ing the adjective “long-term” obsolete and not appropri-
ated.

An early surgical strategy can achieve various aims, 
namely to obtain a definite diagnosis, to contrast epilepsy 
progression (including psychosocial consequences and/
or adverse effects of  pharmacological treatment) and 
even to prevent the risk, present although uncommon, of  
tumor growth and malignant transformation. In addition, 
early surgery may reduce the risk of  sudden unexplained 
death (SUDEP) or seizure-related injuries.

Such predictable future approach will modify the 
clinical history of  these patients, and features of  epi-
lepsy as “chronic” or “long term”, nowadays adopted in 
the definition of  epilepsy-associated tumors, will loose 
sense. Neurophysiological aspects together with a proper 
histological and molecular characterization will become 
increasingly necessary for an accurate diagnosis of  these 
epileptomas[25,34,85,142].

Therefore, what characterizes and makes up special 
for this group of  tumors it is not the “chronic” or “long 
term” epilepsy history, but their pathological-biological 
features (i.e., sharing of  immunopositivity for CD34 and 
of  BRAF (V600E) mutation[109,143].
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Abstract
The aim of this article was to analyze the theories un-
derpinning dental fear, anxiety and phobias. To be in-
cluded, articles must have been published between the 
years of 1949 and 2013 concerning fears and phobias 
within dentistry and/or psychiatry. Of 200 articles origi-
nally under review, 140 were included and reviewed 
by the authors.Five specific pathways relating to dental 
fear and anxiety were identified; Cognitive Condition-
ing, Informative, Visual Vicarious, Verbal Threat, and 
Parental. Eight currently accepted management tech-
niques across all dental disciplines for dental fear and 
anxiety were identified. Further research is required to 
identify clinical diagnosis and treatment for fears origi-
nating from different pathways.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dentistry; Fear and anxiety; Phobia; Origin; 
Therapies and management

Core tip: (1) 5 pathways to the origin of dental fear 
and anxiety have been identified in this review: Cogni-
tive Conditioning, Informative, Visual Vicarious, Verbal 
Threat, and Parental; (2) Development of fear and anx-
iety may be unique for each individual, with patients 
often associating fear to a combination of factors (Path-
ways); and (3) Management of fear and anxiety should 
include an understanding of the origins of dental fear. 

Carter AE, Carter G, Boschen M, AlShwaimi E, George R. Path-
ways of fear and anxiety in dentistry: A review. World J Clin 
Cases 2014; 2(11): 642-653  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i11/642.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i11.642

INTRODUCTION
Odontophobia (dental fear) is a “unique phobia with 
special psychosomatic components that impact on the 
dental health of  the odontophobic persons”[1]. For some 
individuals, dental fear may be so great that normal life 
is impaired. In these instances, the individual experiences 
fear or anxiety that is out of  proportion to the actual 
danger present in the situation. This often leads to avoid-
ance behavior, and clinically significant levels of  distress 
or impaired functioning[2]. Such avoidance behavior is 
well known by any dentist who has treated patients with 
high levels of  dental fear before. In Australia, people with 
higher levels of  dental fear tend to avoid the dentist and 
have irregular attendance records, usually only seeking 
treatment when symptomatic[3,4]. This data is consistent 
with other studies that noted that, although patients 
booked appointments, they did not keep their appoint-
ment or prematurely cancelled their appointments out of  
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fear[5-12].
The incidence of  dental fear and anxiety appears to 

be relatively consistent throughout the world, with some 
sub-groups reporting higher levels than others. An Aus-
tralian study reported that 16.1% of  individuals experi-
enced high levels of  dental fear, where adults between the 
ages of  40 and 64 years reported a higher incidence of  
dental fear, and females of  any age were reportedly more 
afraid of  the dentist than males were[4]. Of  note, people 
from low socioeconomic status (SES) groups reported a 
generally higher level of  dental fear than those individuals 
from high SES groups[4]. The reported incidence of  high 
dental fear and anxiety was a little lower in an Icelandic 
study, at only 10%[11], but slightly higher in a Singapor-
ean population, at 17.1%[12]. A cross-cultural study of  
Chinese and Danish patients reported moderate to high 
dental fear in 30% of  Chinese and 15% of  Danish par-
ticipants[10]. In 2009, a study of  dental fear prevalence in 
1959 Netherlands reported 24.3% of  the participants had 
moderate to high dental fear[13]. Dental fear studies on 
German populations have reported a mean Dental Anxi-
ety Score (DAS) of  8.6[14] and a dental phobia incidence 
of  11%[15]. The highest prevalence of  dental fear appears 
to be in Japan, where a study of  3041 students and adults 
reported that 42.1% had high dental fear[16].

The overall effect of  dental fear and anxiety appears 
to be multifaceted, such that the individual not only 
avoids their dental appointments but also tends to have 
worse oral health[17]. The extent to which this is a causal 
relationship is unknown. An understanding of  the fac-
tors underlying the etiology and maintenance of  dental 
anxiety may assist dentists and researchers in develop-
ing interventions designed to reduce dental avoidance 
behaviors. In turn, this will contribute to improvements 
in oral health. Mehrstedt et al[18] (2004) noted that dental 
fears were negatively linked to quality of  life with respect 
to psychological well-being, social functioning, and vital-
ity. This finding indicates that the link between dental 
fear and perceived negative quality of  life is multifac-
eted. Some early Scandinavian studies reported on the 
malicious circle of  dental anxiety and fear, whereby fear 
and avoidance lead to premature cancellation of  den-
tal appointments and further worsening of  oral health 
conditions[2,6,19,20]. A qualitative study by Moore et al[21] 
(2004) reported on the contributing role that embarrass-
ment plays in dental phobia. Among other things, these 
researchers analyzed the social powerlessness associ-
ated with the embarrassment that arises from poor oral 
health. In this study, the authors concluded that patients 
may be so embarrassed by their poor oral health/hygiene 
that they avoid seeing the dentist out of  fear of  being 
reproached[1,21]. Understanding the extremely complex 
psychology of  dental fear is essential in the prevention 
and treatment of  dental anxiety, fear and phobias[21]. 

In order to understanding the extremely complex 
psychology of  dental fear it is essential to understand-
ing possible pathways of  dental fear and anxiety. This 
study identified relevant studies using Medline Database 

(Medline/PubMed). The search covered the period 1900 
to 2014, including only articles written in English. Search 
terms included “dental fear and anxiety,” “cognitive,” “in-
formative,” “verbal threat,” “vicarious,” “parental,” and 
“origin of  fear.” A total of  300 references were retrieved 
from the database search. Only articles directly relating to 
the management, origin of  fear, and dental fear theories 
were evaluated to understand the pathways of  fear and 
anxiety in dentistry. Of  the three hundred retrieved refer-
ences, only 137 related to fear and anxiety in dentistry, 
however only 10 related specifically to origins of  fear and 
anxiety in dentistry. The aim of  this review is to highlight 
the possible pathways of  fear and anxiety in dentistry and 
not to analysis the actual experience of  fear and anxiety. 

ETIOLOGY OF GENERAL FEAR AND 
ANXIETY
Processes known to contribute to the etiology of  dental 
fear and phobia include a variety of  genetic, behavioral, 
and cognitive factors. An individual’s dental fear/phobia 
is likely to have been created by involving a multitude of  
factors.

Genetic vulnerability
Individuals with specific phobias, including odontopho-
bia, may have inherited genetic vulnerability factors that 
predispose them to anxiety in general or certain phobias 
specifically. While individuals with dental phobia do not 
directly inherit the phobia itself, genetic vulnerability 
factors may interact with other etiological elements that 
cause the phobia[22,23]. Controversy over the reliability of  
phylogenetic origin of  fear arises in relation to a study of  
173 Swedish twins, which reported that whilst “pheno-
typic correlations were moderate,” they were found to be 
counterintuitive to the electrophysical skin conductance 
response (SCR)[23]. In summary, it has been suggested 
that although genetics can predict some factors related to 
dental fear, it appears to be distally and not strongly re-
lated to the actual development of  phobic symptom[24-26]. 

Negative affectivity/anxiety vulnerability
Negative affectivity refers to a vulnerability to experienc-
ing negative emotional states. Negative affectivity appears 
to be a stable personality trait that predisposes individuals 
to a range of  psychological disorders, including pho-
bias[27]. The relationship between negative affectivity and 
dental phobia has not yet been established. 

Preparedness 
Through the process of  natural selection, individuals who 
readily acquired fear and avoidance responses to genuine-
ly dangerous situations (e.g., dangerous animals, storms, 
heights, small spaces, etc.) have passed on this tendency to 
their progeny[28]. As such, the human species is “prepared” 
to more readily acquire fear reactions to stimuli that may 
have posed a genuine danger to our ancestors[28,29]. Dental 

Carter AE et al . Pathways of fear and anxiety

November 16, 2014|Volume 2|Issue 11|WJCC|www.wjgnet.com 643



phobia may be part of  an evolutionarily beneficial ten-
dency to protect the body envelope from intrusion by 
foreign (non-nutritional) objects.

Cognitive conditioning (pavlovian) 
Classical (or pavlovian) conditioning refers to the process 
by which a previously neutral stimulus acquires the ability 
to directly elicit a response through pairing this stimulus 
with another unconditioned stimulus (US) that elicits 
the same response[30-33]. For example, an individual who 
experiences a painful procedure (and the unconditioned 
response of  anxiety/fear) during a dental visit may ac-
quire a conditioned association between the dentist (the 
conditioned stimulus) and anxiety/fear (the conditioned 
response)[34-37]. Re-presentation of  the conditioned stimu-
lus (the dentist or related stimuli) is then able to elicit the 
conditioned response of  anxiety during the patient’s next 
dental consultation.

Operant conditioning 
Operant conditioning refers to a process whereby the 
frequency of  a particular behavior (“operant”) is modi-
fied through the consequences that follow the behavior. 
Certain behaviors may be “reinforced” (i.e., increased 
in frequency) through their association with positive 
consequences (“positive reinforcement”) or through the 
removal of  negative consequences (“negative reinforce-
ment”)[30,34,35,38,39]. Alternatively, behaviors may be “pun-
ished” (i.e., reduced in frequency) if  they lead to negative 
consequences (“positive punishment”) or the removal of  
positive consequences (“negative punishment”)[38]. For 
phobias, the process of  positive punishment (e.g., pain 
and anxiety that occurs during a visit to the dentist) and 
negative reinforcement (e.g., the reduction in anxiety that 
results when the individual avoids the dentist) are thought 
to be most important, and these comprise Mowrer’s two-
factor model of  phobia acquisition and maintenance[40].

Vicarious 
In addition to direct contributors to phobia acquisition, 
Rachman[41] (1978) proposes that individuals may also 
acquire phobic responses indirectly. One such pathway 
has been called vicarious experience or vicarious condi-
tioning. In vicarious conditioning, the individual acquires 
a fear response through seeing the fearful experience of  
others. In dental phobia, for example, a child who ob-
serves a fear response of  a parent attending the dentist 
may learn indirectly that the situation poses a significant 
threat.

Verbal threat 
Rachman[36] (1977) proposed a second indirect pathway 
to phobia acquisition referred to as “verbal transmis-
sion”. In this process, the individual acquires a fear or 
phobia through learning about the dangerousness of  a 
situation from others without observing it directly[36]. In 
dental phobia, for example, an individual may hear stories 
from others about traumatic or painful experiences that 

they have had during dental treatment, which may lead to 
a learned fear of  dental procedures[42].

Cognitive content 
There are a range of  cognitions that have been identi-
fied as important in the acquisition and maintenance of  
anxiety disorders, including specific phobias. These in-
clude a set of  ideas about the probability (e.g., “If  I go to 
the dentist it will definitely be painful”) and severity (e.g., 
“If  I go to the dentist the pain will be excruciating”) of  
negative outcomes[43]. Additionally, individuals may hold 
beliefs about their inability to cope in the face of  an aver-
sive outcome (e.g., “If  I am in pain at the dentist, it will 
be unbearable”)[44].

Cognitive biases
In addition to the content of  cognition, phobias are asso-
ciated with biases in the process of  cognition[43]. For ex-
ample, individuals with anxiety disorders such as phobias 
are known to have memory biases in which memories of  
threat-consistent experiences and information are more 
readily retrieved[45]. Although the link between cognitive 
bias and dental fear and anxiety is plausible, no research 
has yet been done to confirm this.

CURRENT KNOWLEDGE OF DENTAL 
FEAR: WHAT WE KNOW RIGHT NOW
Current literature on dental fear is limited relative to 
other fields. Specifically, most of  our understanding sur-
rounding dental fear is based on results from two meta-
analyses; one of  which focuses on adults, while the other 
on children and adolescents.

In a meta-analysis of  32 articles on dental behavior 
management problems, Klingberg et al[46] (2007) reported 
that children and adolescents were expected to experi-
ence mild fear and anxiety. This fear and anxiety only 
becomes a concern if  it is “disproportionate to the actual 
threat and daily functioning becomes impaired”, a defini-
tion very similar to the DSM-IV. However, this research 
also noted that the third criterion for dental phobia 
(recognition that the fear is unreasonable or excessive) 
does not always apply to children. This is a reasonable 
argument, as coping with pain and anxiety requires a 
high level of  cognitive function and self-control that a 
young child might not have yet developed. However, one 
must attempt to separate general fearfulness (an anxiety-
related personality trait) from a specific fear because both 
are capable of  presenting as an acute fear reaction (e.g., 
screaming at the sight of  a drill). This distinction can be 
difficult to make if  the parent-child relationship is syner-
gistically inflating the dental fear. Research demonstrates 
that the dental fear of  a child who is 8 years or younger 
is significantly related to the dental fear of  the parent[47]. 
However, in children older than 8, the relationship is 
less clear. In addition, it was noted that girls presented 
as more anxious and harder to manage than boys, sup-
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porting the current accepted relationship between anxi-
ety disorders and gender in children and adolescents[48]. 
However, particular fears changed as the child grew older, 
such that one-year-old had separation anxiety but primary 
school children had more social anxieties, demonstrating 
a positive development of  metacognition. Also, younger 
children were more likely to have more fears of  higher 
intensity. However, there is inconclusive evidence regard-
ing the origin of  fear among children and adolescents 
due to the gap in the literature examining this cohort. In 
their review, Klingberg et al (2007) did, however, agree on 
3 distinct, yet commonly occurring causes for dental fear 
in children (not including neuropsychiatric disorders): (1) 
Some children’s past “negative experiences with dental 
care” was the origin of  their dental behavior management 
problems; (2) Other children were “genetically prone to 
react with fear…to threatening situations”; and (3) Other 
children still reacted to frustrating demands (e.g., sitting 
still) with anger[46]. 

The first represents direct trauma from treatment[36], 
while the second and third are officially undefined at 
present and require further investigation. It must be 
noted that parental dental fear has an effect on the child’
s dental fear[47,49]. Making it an important part of  the con-
ceptualization of  an individual’s dental phobia.

With regard to adults, it is generally accepted that 
the patient developed fear either due to personal trauma 
from a dental treatment or because of  some form of  
psychological disorder or constitutional vulnerability. Yet, 
few studies analyze the actual pathway or origin of  fear 
adults experience with regard to dental fear. However, it 
is possible that some of  these origins may apply directly 
to dental fear[50] (Figure 1). Originally Watson et al[33] (1920) 
and Rachman[41] (1978) purported that specific fears were 
condition-based, vicarious, or based on information 
learning. Between the 1920s and 1970s, these theories 
dominated the discipline of  fear and anxiety management 
and diagnosis. In 1970, Seligman proposed that mankind 
is prepared by evolution to associate certain situations 

(previously encountered by ancestors) with particular out-
comes, and thus the mind reacts to these situations by in-
stigating fear (See Figure 1: Preparedness framework)[51]. 
In 2001, Mineka et al[28,52] suggested that the amygdala and 
hippocampus were responsible creating generalized fear 
responses. Analogous to this and supporting Seligman’s 
theory, Poulton et al[53,54] (2002) posited that evolutionarily 
associated fears can manifest without a stimulus. Among 
these theories, the associative and non-associative theo-
ries are the most distinctive. Menzies et al[55,56] (1993a) 
first described the associative theory in relation to water 
phobia, where fears occur in response to a bad experi-
ence (CS), while non-associative fears are innate (US). 
In addition, Muris et al[57] posited that parental modeling 
contributes to the fearfulness found in children. Here, the 
trait anxiety was related to that of  both parents (Mother: 
r = 0.34, P < 0.05, Father: r = 0.31, P < 0.05), but the act 
of  being fearful was only related to mother’s fearfulness (r 
= 0.56, P < 0.001)[57]. Klingberg et al[58] also supported the 
notion of  maternal dental fear impacting the develop-
ment of  dental fear in children. 

Of  these theories, there are 5 pathways that are 
thought to specifically relate to dental fear and anxiety: 
Cognitive Conditioning, Vicarious, Verbal Threat, Infor-
mative, and Parental (Figure 1). These five pathways are 
discussed further in this article but it is important to note 
that a single or a combination of  background factors 
disused in the etiology of  general fear and anxiety may 
affect these pathways. 

Conditioning pathway 
Conditioning is a process where the participant learns 
through personal experience that the event or stimulus 
heralds a detrimental outcome[50,59]. Pioneers in early con-
ditioning research Watson et al[60] (1917) who theorized 
that in infancy there are limited emotional reaction pat-
terns (e.g., fear, rage, love) and that there must be some 
stimuli which are associated with these. Watson et al[33] 
(1920) then performed experimental work on an infant, 
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analyzing directly conditioned emotional responses. Their 
results showed that the non-fear-inducing stimuli elicited 
a fearful emotional response when the fear-inducing 
and non-fear-inducing stimuli were shown together, and 
when the non-fear-inducing stimuli was shown on its 
own later[33]. In 1927, Pavlov[32] published his seminal 
paper on “Conditioned Reflexes,” which perhaps repre-
sents the first in-depth and detailed experiment on the 
development of  conditioning. Pavlov[32] identified that 
animals can learn to associate a conditioned stimuli with a 
new non-conditioned stimuli so that the non-conditioned 
stimuli causes a conditioned response. Here, the animals 
(dogs) began to associate food and salivating with the 
sound of  a bell. Thus, anytime the bell sounded, the dogs 
salivated[32]. In a similar attempt to replicate physiological 
responses during fear, Rachman[41] (1978) then success-
fully demonstrated that physiological responses, such as 
sweating and increased heart rate, occur when individuals 
experience fear. Such responses are evident in odonto-
phobic patients, where heart rate, breathing, and sweating 
all increase due to fear associated with dental environ-
ments and dental stimuli[19,61-63]. In addition, many indi-
viduals report painful past experiences being the cause 
for their subsequent dental fear[44,64-66]. Researchers[67] 
have indeed found a “strong direct relationship between 
severity of  trauma-related symptomatology and severity 
of  dental anxiety where the shared variance was 38%”[67]. 
Thus, it can be proposed that the majority of  dental fears 
are reactions to stressful experiences that provoke anxi-
ety in the individual[36,68-70]. In summary, the conditioning 
pathway appears to be the most commonly utilized path-
way by patients.

Informative pathway 
The informative pathway is another indirect pathway for 
fear acquisition, which does not require the presence of  
an unconditioned stimulus. As far back as 1977, Rachman 
discussed the relevance of  the informative pathway in 
so much as child-rearing involved information giving[36]. 
Rachman[36] noted that the instructional process of  child 
rearing may lead to biases for commonly encountered 
fears. Such a dynamic could help explain childhood dental 
anxiety, where children learn to fear the dental environ-
ment from dental phobic elders, negative connotations 
advertised by media (e.g., television, movies), and friends 
with personal negative experiences. 

Vicarious pathway 
The vicarious pathway is an indirect pathway for fear 
acquisition that does not require the presence of  an 
unconditioned stimulus. It has been acknowledged in 
the literature that people with extreme dental fear avoid 
the dentist[3,4,17,33,71-78]. In a recent Australian study using 
Armfield’s Index of  Dental Anxiety and Fear (IDAF), it 
was found that participants who indicated extreme dental 
fear were marginally more likely not to undertake an oral 
examination, here females exhibited significantly higher 
dental fear than males[4,71]. Whether this fear is purely 

conditioned or vicarious is not yet fully understood[76]. 
Conceivably, one of  the most renowned contributions to 
the theory of  “vicarious conditioning in phobia acquisi-
tion”[50] was by a pair of  researchers[38,52,79] whose experi-
ments provided convincing evidence that fear can be 
learned vicariously[36,69,80]. By utilizing this vicarious path-
way, it is plausible to suggest that vicarious learning could 
be contributing to pediatric fears, whereby expressions of  
fear by elders at the dentist in front of  children leads to 
fear acquisition in the children[81,82]. 

Verbal threat pathway 
The verbal threat pathway presents another indirect path-
way for fear acquisition that does not require the pres-
ence of  an unconditioned stimulus. To explain the origin 
of  a fear that is not seen or experienced, it is essential 
to understand the “emotion” of  fear. Research[83] has sug-
gested that emotions arise because of  three factors: ver-
bal cognition, behavior changes, and physiological states. 
This “emotion” is known as the “tripartite,” and appears to 
govern onset and origin of  fears generated by the verbal 
threat pathway[83-87]. Many articles examining the effects 
that “word of  mouth” information has upon children 
and acquisition of  fear[81,82,84-86,88-97] note that children be-
come fearful of  a stimulus or situation when they hear 
or read that it may be dangerous. To control for bias, all 
studies were done on medically healthy children, aged 6-13 
years. The majority of  participants (88.9%) demonstrated 
that self-reported fears increase as children were given 
violent/dangerous/threatening information about a par-
ticular stimulus, irrespective of  its actual threat[85,86,92-94]. 
Simultaneously, it has been found that giving positive in-
formation results in a decrease in children’s self-reported 
fear[89,91]. Similar research on children ages 7-9 years 
found that when given verbal information about a “mon-
ster, “children’s fear-beliefs changed. However, these fear-
beliefs only changed when information came from an 
adult[96]. In short, one interpretation of  the verbal threat 
pathway is that fear is induced when an authority figure 
threatens an individual with a painful experience. In the 
case of  dental fear, painful and/or negative experiences 
are linked to dental visits. Although perhaps within strict 
psychological terminology the informative and verbal 
threat pathways are similar. Within odontophobia the two 
pathways differ in that the verbal threat pathway occurs 
when a “visit to the dentist” is literally used as a form of  
punishment for bad behavior. This does not occur in the 
informative pathway. 

Parental pathway
The parental modeling pathway presents another indi-
rect pathway for fear acquisition that does not require an 
US. The concept of  parental modeling is supported by 
research[69] demonstrating that in a sample of  40 children 
between the ages of  9 and 12 years, children’s fear was 
positively related to their mother’s dental fear. Specifically, 
mothers who expressed heightened levels of  fear in front 
of  their children were more likely to have fearful children. 
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Conversely, mothers who did not frequently express fear 
had less fearful children[69]. These findings are consistent 
with another study showing that most adults attributed 
the origin of  their fears to informative and vicarious fac-
tors occurring in childhood (56% and 39%, respectively) 
more so than to cognitive model events (37%)[84]. Given 
that the majority of  heightened levels of  fear in some 
children was a consequence of  an amalgamation of  dif-
ferent learning dynamics[69], it has been suggested that 
“fear is more likely to develop as a result of  synergistic 
effects of  various sources or origins”[56]. However, one 
must note that any relationship between parent and child 
fears may also be due to the informative or vicarious 
pathways because they are all linked in some way. Again, 
strict psychological terminology may not necessarily dif-
ferentiate between the parental and vicarious pathways. 
However within odontophobia individuals utilizing the 
parental pathway had their sole influence of  odontopho-
bia from their parents’ expression of  fear, whereas the 
vicarious pathway is multifaceted. Further investigation is 
needed to identify criteria for each pathway’s application. 

MEASUREMENT INSTRUMENTS AND 
DIAGNOSTIC CATEGORIES OF DENTAL 
FEAR AND ANXIETY
Measures of dental anxiety (Pre-1990)
The first widely accepted questionnaire for assessing den-
tal fear was the Phobic Origins Questionnaire (POQ). 
Out of  the 10 items, the first 9 required the participant 
to make a binary Yes/No response[98,99]. Following the 
POQ, a 16-item self-report questionnaire referred to as 
the Origins Questionnaire (OQ)[56,100] became popular. 
This measure also examined individuals’ history in rela-
tion to their phobia[55,56]. However, as several studies have 
indicated[56,101-103], the POQ is inherently biased towards 
conditioning models. It was found that the POQ indicated 
conditioning was the primary origin for fear 56%-78% 
of  the time, while the vicarious pathway accounted for 
17%-42%[104]. Additionally, given that the control group 
for this research[99] consisted of  only analogue cases of  
mild and low level fear by different researchers[77,105-107], 
it cannot be confirmed that this research represents the 
general populations’ origins of  fear. Numerous other re-
searchers have criticized the POQ, noting that the authors 
wrongly systematized frightening stimuli to relate to the 
cognitive model origin, even though no unconditioned 
stimulus was described by participants[55,56,108,109]. Conse-
quently, the construct validity and convergent validity of  
the POQ was found to be very poor[55,56,100,101,103,110,111].

Measures of dental anxiety (Post 1990) 
As dental fear can be difficult to define and measure ef-
fectively[103,109], research began to create a more practical, 
reliable, and theoretically efficacious dental fear measure-
ment. Research found that the Index of  Dental Anxiety 
and Fear (IDAF-4C+), developed by Jason Armfield pre-

sented strong statistically significant correlations with pre-
vious measures of  dental fear (Corah’s DAS, 1969). Arm-
field’s reasoning for creating a new dental fear scale was 
due to problems with existing scales such as Kleinknecht’s 
Dental Fear Survey (DFS, 1973), Stouthard’s Dental Anxi-
ety Inventory Short-Form (DAI-S, 1993), the Modified 
Dental Anxiety Scale (MDAS, 1995), and the Hierarchical 
Anxiety Questionnaire (HAQ, 1999). Problems associ-
ated with these measures were that they were too long, 
measured fear-related stimuli rather than fear itself, and 
had poor construct validity[71,77,112,113]. 

Consisting of  3 modules, each with 8 items, the 
IDAF-4C+ analyzes emotional, behavioral, physiological, 
and cognitive responses related to dental fear[66,113]. Each 
module uses a Likert scale ranging from 1-5, where 1 
represents “strongly disagree” and 5 represents “strongly 
agree.” Utilizing an exploratory analysis, “all items showed 
good internal consistency (Cronbach’s alpha = 0.94) and 
test-retest reliability at 4 mo review (r = 0.82)”[71,114]. With 
regard to phobia diagnoses, positive results were found 
with regard to the convergent and predictive validity of  
the IDAF-4C+ when compared to Corah’s DAS, Eta2 = 
0.154 and 0.060, respectively[71].

Diagnostic categories of dental fear
Individuals who are classified as “dentally anxious,” tend 
not to have qualities that can be catalogued. As such, they 
differ in their origin of  fear, specific fear stimulus, age of  
onset, as well as the bodily reactions and psychological 
reactions that manifest in response to fear-related stimuli. 
The etiology of  dental fear is wide-ranging and can be 
attributed to personal traumatic experiences (condition-
ing)[38], threats of  dental visits as punishment (verbal 
threat pathway)[86,93], and fear through observing pain 
in loved ones and others (vicarious pathway) to name a 
few[50,99,115,116]. Moreover, at times, dental fear has been 
shown to be part of  a larger “set” of  fears such as arach-
nophobia and claustrophobia, and fears of  mutilation 
and suffocation. Consequently, there has been debate on 
whether dental anxiety is a “simple” CS, or a component 
of  a “set” of  fears and mood or anxiety disorders[117]. 
Previous and well documented research has described 
these two variations of  dental fear as exogenous and en-
dogenous[118].

A group of  researchers, well known for their clinical 
experience, developed a richer, more detailed classifica-
tion system for dental fear. Their system, known as the 
Seattle System, mirrored the origin and the main stimuli 
of  fear surrounding dental anxiety and phobias[116]. Es-
sentially, the Seattle System can be used to classify indi-
viduals with respect to the severity of  the psychological 
phobia relative to dentistry and the dentist as a person, 
based on a range of  mean scores that represent differ-
ent levels of  dental fear. These mean scores have been 
applied to a number of  questionnaires [i.e., DAS, Fear 
Survey Schedule II (FSSII), Spielberger Trait Anxiety 
Index (STA), Anxiety Sensitivity Index (ASI), Emotional 
Control Questionnaire (ECQ), General Health Question-
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naire (GHQ), Fear of  Pain Scale (FPS), and Mutilation 
Questionnaire (MQ)]. The Seattle System consists of  
four diagnostic elements: (1) simple CS of  specific dental 
stimuli; (2) anxiety about somatic reactions during dental 
treatment; (3) patients with a generalized anxiety state 
and multi-phobic symptoms; and (4) distrust of  dental 
personnel[116,119]. Despite the fact that the classification 
was originally designed for pragmatic academic purposes, 
it has shown to hold some evidence of  psychologically 
valid identifications of  dental anxiety subtypes[19]. Of  
note is the qualitative evaluation component of  the Se-
attle System, which consists of  in-depth interviews that 
give a more thorough understanding of  the true multi-
phobic nature that dental fear can present with[19]. Indeed, 
subjects with type 4 Seattle fear were further split into 3 
subgroups, which met the criteria for distinct uniqueness, 
internal consistency, and distinct response to treatment 
type as proposed by earlier researchers[120]. 

Roughly comparable results were reported three years 
later utilizing the DSM-III-TR criteria for simple den-
tal phobia (code 300.29-Specific phobia)[121]. However, 
although the results did not support the theory that the 
Seattle System corresponds to the DSM-III-TR, as pro-
posed three years earlier[19], the researchers proposed that 
dentally anxious subjects should be calibrated for fear us-
ing a distinct method that differs from that for psychiatric 
mood and personality disorders[121]. Then, just before the 
turn of  the century, newly published research brought 
to light some intriguing facts regarding the Seattle Sys-
tem[119]. Here, it was proposed that the Seattle System 
was valid from a psychological perspective in addition to 
being a well-rounded tool for clinical diagnosis (Table 1). 
Accordingly, they discovered that some participants in the 
older age brackets were of  type 3 fear (Seattle System), 
indicating that those with simple phobias are able to re-
cover in time, while those individuals with more complex 
multiphasic conditions may require psychological treat-
ment[119].

CURRENT MANAGEMENT TECHNIQUES 
FOR DENTAL FEAR AND ANXIETY (CBT)
With regard to treatment of  dental fear and anxiety, there 
a number of  possible avenues to explore with patients, 
including pre-treatment anxiety questionnaires, cognitive 
behavioral therapy (CBT), relaxation therapy, computer-
assisted relaxation learning (CARL), hypnotherapy (HT), 
group therapy (GT), individual systematic desensitization 
(ISD), pharmacological, flooding (implosion), and swal-
lowing relaxation. These forms of  treatment are essen-
tially a form of  counter conditioning to reverse the fear 
into a state of  acceptance and calm. 

Pre-treatment anxiety questionnaires
To date, only one study exists as to general dentists’ use 
of  pre-treatment anxiety questionnaires to assess patient 
anxiety before treatment. A study of  United Kingdom 
dentists reported that only 20% of  the dentists surveyed 

used adult anxiety questionnaires, and only 17% formally 
assessed children’s levels of  fear and anxiety[122]. Interest-
ingly the study reported that when treating adults, male 
dentist used pre-treatment fear surveys more often than 
female dentist (P < 0.05)[122]. The authors believe that 
these pre-treatment surveys can help enhance patient 
care; however it would be interesting to evaluate the cur-
rent utilization rate of  these anxiety surveys and methods 
to encourage this practice.

Individual systematic desensitization and group therapy 
Individual systematic desensitization (ISD) is a behavioral 
therapy whereby individuals are gradually exposed or in-
crementally exposed to fearful stimuli. In this process, the 
individual must first identify and accept the fear-related 
stimulus; second, the individual must learn to employ a 
relaxation or coping technique; and finally, the individual 
must utilize the learned relaxation or coping strategy to 
react and overcome the fearful stimulus. In 2002, Moore 
et al[123] compared GT and ISD (as well as HT) and found 
that after 3 years, 65.5% of  patients’ with ISD and 69.6% 
with GT maintained dental appointments (although these 
results were not significant). In this work, the ISD was a 
combination of  muscle relaxation therapy and video reel 
exposures (looped) of  threatening dental situations and 
instruments with intermittent tension awareness train-
ing and breath control lessons. GT involved groups of  
patients meeting for seven 2-h sessions led by a dentist, 
dental assistant, and successful former patient. Video 
desensitization reels were also played and a final demon-
stration of  injection and drilling was performed at the 
last session. Unfortunately, Moore et al[123] (2002) did not 
identify the origin of  fear for the participants. Thus, the 
current results cannot be extrapolated to the pathways 
and further research is needed.

Flooding/implosion
Flooding is a form of  desensitization for treating phobias 
when the patient has a directly conditioned origin of  fear 
(Origin 2). In flooding therapy, the patient is subjected to 
repeated exposure of  fear-inducing stimuli until they no 
longer show a fear response, causing termination of  the 
CR[124]. Implosion is used for either indirect conditioned 
or non-conditioned origins of  fear (Origins 1 and 3) that 
may be imagined. However, the technique of  flooding 
has not been examined in the literature since Mathews et 
al[125] in 1977. In this work, Mathews et al[126] report that 
among subjects who attended 2 or more flooding ses-
sions, 48% successfully completed dental treatment 2 mo 
later. No further investigations appear to have been per-
formed on this technique; this might be due to the highly 
anxiety-inducing nature of  the treatment.

Cognitive behavioral therapy 
Cognitive behavioral therapy (CBT) is a psychothera-
peutic approach to address dysfunctional emotions and 
negative behaviors and cognitions using a series of  goal-
oriented sessions. Davies et al[126] (2011) found that of  21 
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patients offered CBT to overcome their dental fear as 
opposed to using sedation, 90% continued to be able to 
attend dental appointments without sedation ten years 
later. Current research appears to support CBT and relax-
ation therapy for treatment of  directly conditioned fears 
(Origin 2)[127,128].

Relaxation therapy
Relaxation therapy is a diverse set of  practices aimed at 
eliciting a relaxation response, including a reduction in 
overall physical arousal symptoms. The phobic individual 
implements a particular mental relaxation technique (e.g., 
slow breathing, counting, relaxation swallowing) to reduce 
stress. ten Berge et al[129] (2001) reported that parents play 
a more secondary role in treatment of  child dental fear 
and anxiety. Results seem to suggest that CBT is more ef-
fective but should be combined with parental guidance in 
treatment of  pediatric dental fear. Extrapolating this data, 
a combination of  CBT and relaxation guidance may pro-
vide effective treatment of  parental modeling dental fears 
(Origin 1). 

Computer-assisted relaxation learning
A recent development in the treatment of  dental fear, 
computer-assisted relaxation learning (CARL) is a self-
paced treatment for dental phobic individuals for treat-
ing needle phobia. The program begins by introducing 
its purpose, followed by activities and videos on how to 
cope with their fear. The program is based on the theory 
of  systematic desensitization and in a recent study in 
2013, researchers compared CARL to information pam-
phlets (control) in a block randomized study[130]. The 
authors reported that CARL significantly reduced self-
reported general and injection-specific dental anxiety (P 
< 0.001)[131]. After the intervention, twice as many CARL 
participants (35.3%) vs controls (17.6%) were comfort-
able enough to receive an injection though not signifi-
cant (12 of  34)[131]. Participants’ origins of  fear were not 
assessed, thus it cannot currently be determined which 
pathways were involved, and further research is required. 
However, as CARL is self-paced, it may perhaps aid in 
treating patients who wish to learn to cope without thera-
pists, thereby improving access to oral health care. 

Hypnotherapy
Perhaps one of  the least understood treatments for dental 
fear is hypnotherapy (HT). HT attempts to create a state 

of  unconscious change, whereby the individual forms 
new responses, attitudes, and behaviors to previously 
feared stimuli. Few studies have analyzed the clinical ef-
fectiveness of  hypnotherapy. In 1995, research reported 
that when compared to psychophysiological therapies 
such as CBT, HT did not significantly reduce dental 
fear[132]. Researchers purported that this was because 
some people were put off  by the concept of  hypnother-
apy and were not fully receptive to the therapy[132]. Some 
years later, Moore et al[123] (2002) found that although 
54.5% of  HT patients were able to maintain regular den-
tal appointments, at 3 years post treatment, there was no 
difference between the HT, GT, or ISD groups.

Pharmacological
The use of  nitrous oxide (NO) and benzodiazepines in 
dentistry has long been employed to reduce anxiety. NO 
has often been compared to the effectiveness of  CBT 
and relaxation therapies. For example, Willumsen et al[133] 
(2001) reported no significant differences between NO 
and CBT or applied relaxation therapy. They suggested 
that in the short term, either treatment was effective. 
Interestingly the study reported a 95% of  participants 
attended rate a year later, with the greatest reduction in 
dental fear observed in the relaxation therapy group[130]. 
While all groups reported normal levels of  dental fear (as 
per Corah’s DAS) one year later[130], analysis of  benzodi-
azepines when combined with ISD did not reduce over-
all therapy time and was not advantageous for treating 
injection phobia[134]. The studies did note that the results 
might have been skewed by the fact that each participant’
s dental fear might have different origins. Thus, research 
is required to determine whether certain origins of  fear 
and pathways are more receptive to pharmacological 
agents than others are.

CONCLUSION
The present article has highlighted the possible types of  
dental fear, their origins in dentistry and current knowl-
edge on management of  patient with fear and anxiety. 
There is, however, a lack of  knowledge of  the effects of  
demographics, causal factors, ethnicity, and treatment 
modalities relative to the origin and pathways of  fear in 
dentistry.  Understanding, the origin of  a patient’s fears 
and anxiety could help enhance patient management and 
care.
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Table 1  Seattle system diagnostic criteria for dental phobia

Fear type               Diagnostic Item   Classification of fear

Type 1 Fear of dental procedures Simple conditioned phobia
Type 2 Fear of fainting, panic attack, heart attack Fear of catastrophe
Type 3 Nervous person in general Generalized anxiety
Type 4 Distrust of dentists Fear of dentists
  Subclass a →High fear of dental procedures
  Subclass b →Generally anxious
  Subclass c →Fearful of dental catastrophes
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Abstract
Despite the low incidence, squamous cell carcinoma 
(SCC) remains the most common scrotal malignancy 
with a propensity for recurrence and metastasis. In 
recent years there has been a significant change in the 
epidemiology of scrotal SCC. Surgery is the mainstay 
of treatment for resectable disease. Sentinel lymph 
node dissection adapted from experience with penile 
SCC can reduce the morbidity of routine lymph node 
dissection. Emerging treatments for advanced and 
metastatic SCC are at the cusp of significantly chang-
ing management of this disease. We have performed 
a comprehensive review of scrotal SCC with a focus on 
these topics. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Scrotal squamous cell carcinoma (SCC) al-
though rare, represents one of the most common forms 
of scrotal malignancy. The epidemiology of SCC has 
changed over time and iatrogenic conditions (psoralens 
and ultraviolet A radiation, immunosuppression, etc. ) 
and human papilloma virus infection play a significant 
role as associated conditions. Surgery is the corner-
stone of treatment and primary excision with a risk 
stratified approach for staging and treatment of region-
al lymph node is advisable. Sentinel lymph node biopsy 
can mitigate the morbidities of unwarranted inguinal 
lymph node dissection in selected cases. For locally ad-
vanced and metastatic disease palliative chemotherapy 
is advocated. Targeted therapies might hold promise 
for management of advanced SCC. 

Vyas R, Zargar H, Trolio RD, Lorenzo GD, Autorino R. Squa-
mous cell carcinoma of the scrotum: A look beyond the chim-
neystacks. World J Clin Cases 2014; 2(11): 654-660  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i11/654.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i11.654

INTRODUCTION
Squamous cell carcinoma (SCC) is the most common 
scrotal malignancy[1,2]. Despite awareness and removal 
of  occupational carcinogens over the last century, after 
initial reduction in incidence, scrotal SCC has maintained 
a steady incidence rate. Due to significant associated 
morbidity and mortality it remains an important urogeni-
tal malignancy for the urologist. Our aim was to review 
recent published literature on scrotal SCC and highlight 
changing epidemiology as well as emerging therapies. 
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HISTORICAL BACKGROUND
The earliest accounts of  scrotal SCC date back to the 
Persian nomads who used to transport pots of  burning 
coal between their legs to keep warm as they travelled[3]. 
The first clinical descriptions of  cases occurring were 
by Bassius and Treyling in the mid 1700s, with Treyling 
describing a case in a Cavalryman[4]. Sir Percival Potts in 
1775 was the first to link the chronic lodgment of  soot 
in the rugal folds of  the scrotum occurring in chimney 
sweeps to development of  scrotal SCC[5-7]. It hence be-
came known as the first described occupational disease. 
The active carcinogen discovered later was 3,4-benzpy-
rene. Occupational scrotal SCC was also later described 
in association with other occupations with chronic car-
cinogen exposure including cotton mule spinners, paraf-
fin and tar workers, creosote workers, shale oil workers, 
lathe workers, pitch workers and machine tool setters and 
operators[4,8-12]. More recently it has been described in car 
mechanics, car and airplane manufacture, gas workers, en-
gineers, steel manufacture and aluminum workers[11,13-15]. 
The majority of  occupationally related scrotal SCC can 
be attributed to exposure to carcinogenic polycyclic aro-
matic hydrocarbons[10]. 

EPIDEMIOLOGY
In order to assess recent trends in the epidemiology of  
scrotal SCC, we examined all clinical studies published on 
scrotal SCC since the year 2000.

There were six case series published including two 
Surveillance Epidemiology, and End Results (SEER) 
based analyses, one Netherlands Cancer Registry (NCR) 
based analysis, one prospective multi-institutional study 
and two retrospective studies[1,2,16-19]. 

Studies in the mid-to-late 1900s reported that scro-
tal SCC accounting for the majority (80%-100%) of  all 
scrotal malignancies but in more recent reports it only 
accounts for one-third of  all scrotal malignancies[1,2,16,20,21]. 
However scrotal SCC still remains the most common 
scrotal malignancy[1,2,16]. Other scrotal malignancies in-
clude extramammary Paget’s disease (EMPD), sarcoma, 
basal cell carcinoma, melanoma, Bowen’s disease (SCCIS) 
and adnexal skin tumors. Median age at diagnosis ranges 
from 52-57 years[1,18,19]. Most cases occur in Caucasian 
men followed by Black and Asian men and other ethnici-
ties. 

Verhoeven et al[1] reported the age-standardized 5-year 
incidence rate of  all histologic types of  scrotal cancer in 
the Netherlands and this varied between 0.9 and 1.8 per 
1000000 male person-years from 1986 to 2006 with no 
statistically significant change over time[1]. Age-standard-
ized incidence rate of  scrotal SCC varied between 0.34 
and 0.44 per 1000000 male person-years from 1986 to 
2006. Over a similar time period Wright et al[2] reported 
on the age-adjusted incidence rate of  scrotal cancer in the 
United states which increased from 0.49 per 1000000 per-
sons in 1973 to 0.95 per 1000000 persons in 2002. While 

specific incidence rate of  scrotal SCC was not provided 
they did report no change in incidence rates by histologic 
type[2]. The incidence reported from the Connecticut Tu-
mor registry data from 1935 to 1979 showed stable inci-
dence rates of  all scrotal malignancies and epithelial scro-
tal malignancies[22]. It has been speculated that the reason 
for this sustained incidence despite occupation carcinogen 
avoidance has been the emergence of  new risk factors 
such as phototherapy for the treatment of  skin diseases 
and human papilloma virus (HPV). 

Johnson et al[16] reported on the largest SEER series 
of  scrotal squamous cell carcinoma with 269 patients 
focusing on histologic subtypes. They categorized scrotal 
SCC, melanoma and adnexal skin tumors as high-risk 
scrotal cancer and scrotal basal cell carcinoma, EMPD 
and sarcoma as low-risk based on median overall survival 
of  118 mo for the high-risk group and 166 mo for the 
low-risk group[16]. Survival for scrotal SCC was 115 mo 
(range 97-133), which was the second lowest with lowest 
being adnexal skin tumors with median overall survival 
of  114 mo[16]. Wright et al[2] reported statistically signifi-
cant worse survival for those with SCC than for those 
with other histologic types. SCC comprised 35% of  all 
scrotal tumors in whites compared to 69% in blacks[2]. 
Dutch researchers reported 77% 5-year survival for scro-
tal SCC[1].

In early 1990s, Goldolf et al[23] reported that the in-
cidence of  scrotal SCC despite increase in the rates of  
UV exposure through sunbeds and sunlamps has not 
changed. However psoralens and ultraviolet A radiation 
(PUVA) used for the treatment of  psoriasis and other 
inflammatory skin diseases has been implicated with the 
development of  scrotal SCC[24,25]. In 1990 Stern reported 
on a prospective 12.3 year study in 892 men who had 
undergone ultraviolet radiation as part of  their psoriasis 
treatment, out of  which 14 developed genital tumors 
including 5 patients who developed 9 invasive scrotal 
SCC and one scrotal SCC in situ (SCCIS)[26]. They found 
that patients with high dose PUVA had 286 times the 
risk of  the general population to develop invasive genital 
SCC, low dose PUVA had 16.3 times the risk and high 
dose UVB was associated with 4.6 times elevation of  the 
risk[26]. Authors recommended genital protection for men 
undergoing UV radiation for treatment of  skin diseases. 

Increasing incidence of  oropharyngeal SCC has 
been attributed to increasing prevalence of  oral mucosal 
HPV[27,28]. HPV viral oncoproteins E5, E6 and E7 have 
an important role in carcinogenesis with p53 tumor sup-
pressor gene and Rb oncogene being the major targets[29]. 
HPV infection in scrotal SCC has only been reported in 
a few case reports or small series[18,30-33]. Andrews et al[32] 
reported a total of  6 (42.9%) out of  14 cases were associ-
ated with HPV.

Matoso et al[18] reported on 29 patients with scrotal 
SCC and found high-risk HPV in 7 cases (24.1%) assessed 
by in-situ hybridization. These authors also reported p16 
positivity and elevated Ki67 in HPV positive scrotal SCC. 
These cases were also more likely to display a basaloid or 
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warty morphology. They suggested p16 stain to be used 
for screening for HPV infection with addition of  Ki67 in 
cases with equivocal p16. If  indeed the true proportion 
of  HPV associated scrotal SCC lies between 24%-42% as 
in these small series, it has important implications for pre-
ventive therapy with the availability of  HPV vaccines. 

Chronic mechanical irritation has been associated 
with scrotal SCC. Long-term rubber urinal use[34], topical 
nitrogen mustard[35] and coal tar[36] have been reported 
to be associated with scrotal SCC. Initially scrotal SCC 
was thought to be uncommon among non-Caucasian 
ethnicities however subsequent reports in Africans, Af-
rican Americans and other ethnicities including Chinese 
refuted this hypothesis[37,38].

Both preceding and subsequent increased malignancy 
risk has been described in patients with scrotal SCC[39]. 
Verhoeven reported 18% of  patients with scrotal malig-
nancy developed one or more tumors after the scrotal tu-
mor with lung cancer, skin SCC and second scrotal tumor 
being the most common second malignancy[1]. 

DIAGNOSIS
The most common presentation of  scrotal SCC is of  an 
erythematous scrotal nodule or plaque[40]. Ulceration and 
pruritus often accompany the lesion. It occurs most com-
monly in the left scrotum, lower and anterior areas[40,41]. It 
can uncommonly present as abscess or ulcer[42]. The main 
differential diagnoses are extramammary Paget’s disease, 
verrucous carcinoma and bowenoid papulosis[43-46]. Pig-
mented scrotal SCC and scrotal SCCIS have been rarely 
reported[38,47]. Multiple scrotal SCCs in the same patient 
have often been described[26,48]. Table 1 lists the risk fac-
tors that have been associated with scrotal SCC.

STAGING
In 1983, Lowe modified the initial staging system pro-
posed by Ray and Whitmore and this staging system is 
still in use as outlined in Table 2[49]. 

The American Joint committee on Cancer (AJCC), 
TNM classification for scrotal SCC is similar to TNM 
classification for SCC in other locations (with the excep-
tion of  Eyelid, Vulva and Penis) and is shown in Table 3. 

For staging, clinical examination including the assess-
ment of  extension and depth of  the scrotal lesion and 
examination of  inguinal lymph nodes is mandatory. Plain 
chest X-ray for evaluation of  the lungs is recommended. 
MRI scan and ultrasonography can be used for assess-
ing the depth of  the lesion and evidence of  involvement 
of  underlying structures where this is suspected. For 
inguinal lymph node imaging CT scan can detect en-
larged inguinal and pelvic lymph nodes but is unable to 
identify small metastatic deposits in normal sized nodes. 
For nodal disease ultrasound and fine needle biopsy of  
suspicious lymph nodes similar to penile cancer might be 
of  diagnostic value[50]. Similarly with improvement in sen-
sitivity and specificity profile, 18F-FDG PET/CT might 
have a role in further staging of  inguinal lymph nodes in 
patients with scrotal SCC[51]. For high-risk cases sentinel 
lymph node biopsy at the time of  excision of  primary le-
sion similar to penile cancer has been advocated[52].

MANAGEMENT
Few case series have been reported since 2000 (Table 4).

Primary tumour
Wide local excision of  the lesion with a negative margin 
is the goal for the treatment of  primary tumor. A surgical 
margin of  2-3 cm has been advocated by some authors[53], 
however the available guidelines for the management of  
cutaneous SCC recommend a 4mm radial margin for 
small (< 2 cm) lesions with well define edges and a ra-
dial margin of  6mm for larger lesions with poor defined 
edges and risk of  subcutaneous extension[54]. Based on 
evidence from penile SCC, for < T2 disease a margin of  
≥ 3 mm is considered safe where for ≥ T2 disease a 
surgical margin of  5-10 mm is considered appropriate[55]. 
Given the redundancy and laxity of  scrotal skin primary 
scrotal closure is usually possible, but after large tumor 
resection primary closure might not be achievable. The 
defect can be reconstructed with simple closure, flap, 
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Table 1  Risk factors associated with scrotal squamous cell 
carcinoma

Occupations
  Chimney sweepers, tar and paraffin workers, occupations with 
exposure to mineral and cutting oils, printing, metal working, car and 
aeroplane manufacture, car mechanics, commercial printing, aluminum 
worker, shale oil workers, pitch workers, engineering, steel production, 
cavalrymen
Carcinogenic metals 
  Arsenic, nickel, chromium
Chronic mechanical irritation
Chronic inflammatory states
  Chronic lymphedema, infective and surgical scars 
Lifestyle
  Poor personal hygiene, smoking
Viruses
  HPV
Ionizing Radiation
Iatrogenic
  Coal tar, PUVA, radiotherapy, nitrogen mustard, Fowler’s solution
Immunosuppression
  Acquired and inherited immunodeficiency, post transplant 
immunosuppression 

HPV: Human papilloma virus; PUVA: Psoralens and ultraviolet A radia-
tion.

Table 2  Lowe’s staging of scrotal squamous cell carcinoma

A1 Disease localized to scrotum
A2 Locally extensive disease involving adjacent structures (penis, 

perineum, testis or cord, and pubic bone) by continuity but 
without evident metastasis

B Superficial lymph node metastasis, resectable
C Pelvic lymph node metastasis or any unresectable metastasis
D Distant metastasis beyond regional nodes
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split thickness skin graft, mesh grafts or mycocutaneous 
grafts. Hemiscrotectomy is required for more advanced 
disease. Contralateral testicular transposition is an option 
if  preservation of  testis is preferable[56]. 

For patients with significant co-morbidities in whom 
surgical management is not suitable less invasive treat-
ments such as CO2 laser for invasive SCC and 5-fluoro-
uracil, photodynamic therapy or imiquimod for SCCIS 
may be considered[57,58]. Imiquimod has also been used 
as adjuvant to surgery post-excision[18]. Superficial small 
SCC and SCCIS are also amenable to mohs micrographic 
surgery which offers full evaluation of  the surgical mar-
gins at the time of  surgery and skin-sparing surgery with 
good functional and aesthetic outcomes[59,60].

Inguinal lymph node 
Morley observed early on in the 20th century that the ra-
phe of  the scrotum does not provide a physical barrier to 

scrotal lymphatic drainage and the scrotum has bilateral 
inguinal drainage[61]. This observation forms the basis for 
bilateral inguinal assessment when treating patients with 
scrotal SCC. Data from early series suggest that similar 
to penile cancer only half  of  the patients with inguinal 
lymphadenopathy at the time of  diagnosis, harbor meta-
static disease at inguinal lymph node dissection (ILND) 
questioning the need for routine ILND in patients with 
inguinal adenopathy[62]. The authors advocated a period 
of  follow-up (2-3 mo) after excision of  primary lesion 
and ipsilateral ilioinguinal dissection if  patient developed 
biopsy proven evidence of  metastasis, and to defer con-
tralateral node dissection until clinical verification of  me-
tastasis is evident. 

The more contemporary algorithm for treatment of  
inguinal lymph node in patients with scrotal SCC has 
many similarities to patients with penile cancer[63]. A risk 
based approach to minimize morbidity associated with 
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Table 3  TNM staging system for squamous cell carcinoma

Stage Primary tumour Regional lymph nodes Distant metastasis

Stage 0 Tis = carcinoma in situ N0 = no regional lymph node involvement M0
Stage Ⅰ T1 = tumour 2 cm or less N0 M0
Stage Ⅱ T2 = tumour > 2 cm but < 5 cm N0 M0

T3 = tumour > 5 cm N0 M0
Stage Ⅲ T4 = Invasion of deeper extradermal structures N0 M0

Any T N1 = regional lymph node spread. M0
Stage Ⅳ Any T Any N M1 = distant metastasis.

Table 4  Case series with epidemiology, management and outcomes of scrotal  squamous cell carcinoma  published after 2000

Ref. n         Design Cohort characteristics                               Summary 

Stern et al[17], 2002   17 Prospective multi-
institutional cohort study

892 men first treated with PUVA Dose-dependent increase in the risk of genital tumors 
in men treated with PUVA

Seabra et al[19], 2007     6 Retrospective single 
institution

Age: 52 (31-89)
Race: Ca: 2; Bl: 2; Oth: 1; Unknown: 1
Staging: LC: 4, RL: 1, DD: 1

4/6 WLE; 1/6 WLE + SLNB; 1/6 was unresectable: 
1 developed LN metastasis and was treated with 
chemo/radiation
Patient with unresectable disease and was treated with 
chemotherapy and subsequently died

Wright et al[2], 2008 151 SEER (1973-2002) Age: 682

Race: Ca 117 (77.5); Bl 24  (15.9); Oth 10 
(6.6)

SCC had the worse survival compared to other 
histological subtypes

Verhoeven et al[1], 2010   53 NCR (1989-2006) Age: 56.5
Staging: Stg 0: 1 (1.9), Stg 1: 22 (41.5), Stg 
2: 18 (34), Stg 3: 2 (3.8), Stg 4: 0, Unk: 10 
(18.9)

SCC had the worse survival compared to other 
histological subtypes: 
1 yr relative survival 93% 
3 yr relative survival 80% 
5 yr relative survival 77% 

Johnson et al[16], 2013 269 SEER (1973-2006) Age: 65.42 ± 14.9 
Race: Ca 206 (76.6%), Bl 43 (16.0%), As 
12 (4.5%), Hi 18 (6.7%), Oth 8 (3.0%)
Staging: LC 205 (76.2%), RL 54 (20.1%), 
DD 10 (3.7%)

The median OS for patients with SCC was 115 (95%CI: 
97-133) mo

Matoso et al[18], 2014   29 Retrospective  multi-
institutional

Age: 55 (30-74)
Race: Ca 19 (65.5%), Bl 10 (34.5%)
Follow up: 37 mo

25/29 WLE; 1/29 WLE + LND; 3/29 imiquimod post 
WLE:
13 (45%) with1 margins required re-excision1
3/29 local recurrence: 2 WLE; 1 WLE/RT
3 /29 with lymphadenopathy lost to follow-up

1Positive; 2Mean. As: Asian; Bl: Black; Ca: Caucasians; DD: Distant disease; Hi: Hispanics; LC: Local disease; NCR: Netherlands Cancer Registry; OS: Overall 
survival; Oth: Other; PUVA: Psoralens and ultraviolet A radiation; RL: Regional lymph node; SCC: Squamous cell carcinoma; SEER: Surveillance, Epidemi-
ology and end results; SLNB: Sentinel lymph node biopsy; Stg: Stage; WLE: Wide local excision.
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ILND advocates the use of  inguinal sentinel lymph node 
biopsy[49], with subsequent  complete ILND in cases 
where sentinel lymph node biopsy is positive[64]. Due to 
rarity of  this condition data from large case series are 
lacking and the current recommendations are largely 
based on experts’ opinions and extrapolation of  data 
from series with penile SCCs.

Locally advanced and metastatic disease
Adjuvant chemotherapy has been utilized in advanced 
stage and metastatic disease. Systemic chemotherapy is 
also indicated for inoperable scrotal SCC. Combination 
chemotherapy with methotrexate, bleomycin and cispla-
tin has been reported in inoperable or metastatic SCC of  
male genital tract with response rate of  72%, however 
median response duration was only 6 mo and only 14% 
achieved complete response[65]. Bleomycin has been uti-
lized in the neoadjuvant setting. Adjuvant radiation has 
been shown to not change outcomes[32]. 

EMERGING THERAPIES
The era of  targeted molecular and immunotherapies 
holds promise for management of  advanced squamous 
cell carcinoma. Cetuximab an anti-epidermal growth 
factor receptor (EGFR) monoclonal antibody is an ap-
proved agent for treatment of  head and neck SCC[66]. 
Emerging therapies for head and neck SCC include 
EGFR tyrosine kinase inhibitors, vascular endothelial 
growth factor receptor (VEGFR) inhibitors, insulin-like 
growth factor receptor (IGF-1R) inhibitors and inhibi-
tors of  the PI3K/AKT/mTOR pathway may have a role 
in the treatment of  patients with scrotal SCC in future[67]. 
Unfortunately currently data on the efficacy of  such 
therapies for patients with scrotal SCC is lacking. 

Recently Lavens et al[68]  showed increased EGFR ex-
pression in penile SCC. Carthon et al[69] evaluated EGFR 
targeted therapy in patients with advanced penile or scro-
tal cancer in a retrospective case series of  twenty-four pa-
tients. Only one of  twenty-four patients had scrotal SCC. 
This patient developed metastases to right groin with 
disease progression despite paclitaxel, ifosfamide, and 
cisplatin (TIP) chemotherapy. The addition of  EGFR 
targeted therapy lead to reduction in tumor burden and 
allowed resection of  residual disease. He was reported to 
be disease free 38 mo post EGFR therapy. 

Further studies need to focus on establishing EGFR 
status in scrotal SCC tissue before prospective evaluation 
of  benefits of  EGFR targeted therapies. Due to low in-
cidence of  scrotal SCC, multi-institutional collaboration 
would be a more feasible approach. Further genomic and 
molecular characterization of  scrotal SCC would be im-
portant in identifying key pathways and developing thera-
peutic targets. 

CONCLUSION
Scrotal SCC is a rare clinical entity that represents one of  

the most common forms of  scrotal malignancy. Although 
historically considered as an occupational disease, its 
epidemiology has changed in recent years and iatrogenic 
conditions (PUVA, Immunosuppression, etc.) and HPV 
infection play a significant role as associating conditions. 
Surgery is the cornerstone of  the treatment algorithm 
for scrotal SCC. Excision of  the primary lesion and a risk 
stratified approach for staging and treatment of  regional 
lymph nodes is advisable. For patients with high-risk 
disease and negative clinical lymph nodes, sentinel lymph 
node biopsy can mitigate the morbidities of  unwarranted 
ILND. For locally advanced and metastatic disease pallia-
tive chemotherapy is advocated. Future endeavors with 
focus on targeted therapies might hold promise for man-
agement of  advanced squamous cell carcinoma. Given 
the rarity of  this condition, multi-institutional trials in 
conjunction with trials for the treatment of  penile SCC 
are likely to provide us with further knowledge in this 
field.
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Abstract
The natural aging process brings about some inevitable 
consequences, such as olfactory dysfunction, which 
is also frequently linked to numerous neurodegenera-
tive disorders. Many age-related dementia, such as 
Alzheimer’s disease, Vascular dementia, Parkinson’s dis-
ease, and Frontotemporal Dementia often display olfac-
tory dysfunction. Despite the overwhelming evidence 
of above mentioned facts, the symptomatic relevance 
and potential clinical and pre-clinical value of olfactory 
dysfunction remains overlooked by many clinicians and 
public alike. Olfactory dysfunction has strong practi-
cal implications on daily activities and, although not 
as prominent as in other mammals, olfaction is still an 
evolutionarily relevant sense involved in human survival 
(e.g. , smelling gas; bad food). In this work, we provide 
a brief review of current research related to the olfac-
tory dysfunction profiles in different types of dementia. 
Additionally, we present a compilation of accessible, 
easy to use olfaction assessment tools; and highlight 
future directions in terms of improving clinical diagnosis 
in patient care and research.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dementia; Aging; Olfaction; Olfactory dys-
function

Core tip: Olfactory dysfunction is often present as a 
symptom of a neurodegenerative disease. The potential 
clinical value (prodromal/pre-diagnostic, diagnostic, in-
tervention target) of olfactory dysfunction still remains 
to be fully established. Standardized and easy to use 
tools are available and can be implemented to improve 
the definite differential profiles, through its widespread 
integration in clinical practice and research.
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INTRODUCTION
Although olfaction is a topic of  scientific interest for 
both public and many professionals[1], awareness con-
cerning olfactory dysfunction, both in healthy aging and 
dementia, remains limited even when considering the 
widespread prevalence of  age-related olfactory decline. 
For example, half  of  the elderly population between 
65 and 80 years of  age have evident olfactory dysfunc-
tion[2-4].

Moreover, olfactory dysfunction has been acknowl-
edged as a symptom present in dementias, such as Al-
zheimer’s disease, vascular dementia, Parkinson and Fron-
totemporal Dementia (FTD)[5].

Indeed, olfactory dysfunction has a considerable 
prevalence in dementia, with estimated numbers as high 
as 100% in Alzheimer’s disease (AD)[6],  90% in Parkin-
son’s disease (PD)[7]; 96% in the frontal variant of  FTD[8] 
and 15% in Vascular dementia (VD)[6].

In the next sections we will briefly review the main 
types of  dementia in which olfactory dysfunction is pres-
ent.
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RESEARCH
The present study is a selective narrative review. The se-
lected articles consisted of  literature/articles previously 
known by the authors, complemented with a search on 
PubMed/MEDLINE focusing on olfactory dysfunction 
with the following search terms: olfaction (and related 
expressions - olfactory), Alzheimer’s disease, vascular 
dementia, Parkinson’s disease, frontotemporal dementia, 
Lewy body dementia, and dysfunction/impairment/defi-
cit. Relevant articles were selected through abstract in-
spection. Both, reviews and clinical studies were included.

OLFACTION IN HEALTHY AGING
Olfactory loss associated with normal aging
Olfactory dysfunction has a considerable prevalence with 
recent estimates pointing to 3.8% in adults between 21 
and 84 years of  age, increasing prevalence with age (from 
0.6% in those < 35 years to 13.9% among those ≥ 65 
years), with higher prevalence in men[9]. Factors involved 
in age-related olfactory dysfunction include changes in 
non-olfactory elements of  the nose (e.g., airflow patterns 
and mucous composition), olfactory neuroepithelium, 
olfactory bulb, central brain regions involved in olfactory 
processing, and neurochemical changes in the brain (for a 
detailed review see Doty and Kamath[10]).

Measured with University of  Pennsylvania Smell 
Identification Test UPSIT, Djordjevic[11] and Morgan[12] 
refer values of  approximately 33-35 as a normal olfactory 
performance.  Doty et al[2] also provide a prototypical pro-
gression of  olfactory decline during normal aging. They 
report median UPSIT values of  normal olfactory perfor-
mance around 37, with olfactory decline starting in the 60 s, 
reaching around 34 in the 70 s, and 26 in the 80 s. Lower 
values than those of  the observed normative scores would 
imply a loss of  olfactory abilities (for further details please 
see Doty et al[2] or Doty and Kamath[10]) For a systematic 
review on normative and pathological values of  olfactory 
performance in dementia please refer to Sun et al[13].

Besides the normal age-related olfactory decrements, 
sensory and central processing impairments in the com-
ponents of  olfaction, are observed in number of  neu-
rodegenerative conditions[14]. These impairments might 
influence appetite in people with dementia and lead to di-
etary restrictions with negative implications on nutrition 
and overall health[15].

It is important to note, however, that the performance 
in olfactory assessment tasks might also be influenced by 
the assessment method as well as other brain functions 
such as memory. For example, Larson et al[16] suggest that 
age-related difficulties in the activation of  odor knowl-
edge (i.e., odor names) might contribute to the observed 
age differences.

OLFACTION IN DEMENTIA
Alzheimer’s disease
Alzheimer’s disease is characterized by neuropathological 

changes, such as neurofibrillary tangles, neuritic plaques 
and atrophy, leading to progressively marked deficits in 
memory (amnestic presentation) and/or other domains 
such as language and visuospatial capacities (non-amnestic 
presentations)[17]. Olfactory bulbs are considered to be in-
volved from the early stages of  the disease and related to 
the neuropathological changes[18-20]. Indeed, there is evi-
dence for considerable olfactory tau pathology in post-
mortem confirmed AD, with tau pathology correlating 
with dementia severity[21]. Moreover, similar pathologic 
changes have been reported in the brain and olfactory 
mucosa of  AD patients[14].

As expected due to the aforementioned lesional pat-
tern, olfactory dysfunction, namely odor identification, 
is also a widely acknowledged, feature of  Alzheimer’s[22] 
with patients showing overt deficits in odor identifica-
tion[22,23].

Olfactory dysfunction may even be present during 
the amnestic mild cognitive impairment (MCI) stage of  
Alzheimer’s disease, mainly as an odor discrimination and 
identification difficulty and less of  an odor detection def-
icit[24]. While cognitive and sensory characteristics associ-
ated with visuospatial, language and immediate memory 
skills are interconnected with olfactory discrimination, 
olfactory identification in itself  is more related to delayed 
memory processing[24].

Although evidence is still limited, differential profiles 
between AD and other dementias have been observed 
which are evidently due to the underlying neurological 
decline characteristic of  each dementia type. For example, 
smell identification seems to be more impaired in AD 
than in VD[23], however Gray et al[25] found impairment 
similarities. In the same way, AD and PD patients show 
equivalent levels of  hyposmia (assessed through odor 
identification)[26]. On the other hand, there is evidence of  
more olfactory impairment in mild Dementia with Lewy 
Bodies (DLB) than in MCI or AD[27].

However, whether the available olfactory screening 
tests are well adjusted and specifically tailored for each of  
these dementias is still unclear.

Vascular dementia
Vascular dementia (VD) is characterized by cognitive 
decline, typically in a stepwise manner, compatible with 
dementia related to cerebrovascular disease[28].

VD is considered the second main cause of  demen-
tia[29] and is the topic of  a considerable amount of  re-
search concerning its characterization and etiopathology. 
Research on olfactory dysfunction in VD is comparative-
ly scarce. However, it has been found that VD patients 
score below normative performance in olfactory tests[25]. 
Nonetheless, when comparing VD and AD, there are 
mixed findings with Gray et al[25] reporting a similar de-
gree of  olfactory impairment between AD and VD while 
Duff et al[6] state lower performance in AD patients.

Interestingly, preliminary data, on people with his-
tory of  stroke, identified them having within normal or 
slightly below normal olfactory performance[30].

From the aforementioned data it seems plausible to 

Alves J et al . Olfactory dysfunction in dementia

November 16, 2014|Volume 2|Issue 11|WJCC|www.wjgnet.com 662



hypothesize that the presence or absence, the range/ex-
tent and type of  olfactory deficit might depend on the 
location and extension of  vascular pathology.

Parkinson disease and other synucleinopathies 
Parkinson’s disease belongs to a group of  neurological 
conditions named movement disorders, which occur due 
to a loss of  nigrostriatal dopaminergic neurons in certain 
circuits of  the brain[31].

Diagnosis usually occurs after the fifth decade of  
life typically with a slow progression of  disease which is 
based on neurological examination and the patient’s clini-
cal history[31]. Feature symptoms include tremor, trem-
bling of  hands, legs, jaw, and face; stiffness of  the limbs 
and trunk; bradykinesia of  movements; and postural 
instability, resulting in impaired balance and coordination. 
As expected, these symptoms interfere with several daily 
living activities[31].

Researchers have recently directed their attention to-
wards olfactory dysfunction in PD, as it is a prominent 
symptom, occurring in about 80%-90% of  PD patients[32]. 
Moreover, olfactory dysfunction is usually prodromal to 
motor symptoms by several years[33,34]. Olfactory dysfunc-
tion also occurs alongside non-motor symptoms, such as 
in autonomic[35] (cardiovascular changes) and REM-sleep 
Behavior Disorders[36] (RBD), both during and at the pre-
motor phases of  PD.

Therefore, authors argue that deficits in the sense of  
smell may be used to assess the risk of  developing PD in 
apparent asymptomatic patients[37]. 

In a population-based prospective study (longitudinal 
Honolulu-Asia Aging Study; HAAS), authors have dem-
onstrated that odor identification deficits may precede the 
development of  clinical PD in men by at least 4 years[34].

The fact that olfactory deficits appear even before 
confirmed PD diagnosis[38], while motor signs appear 
afterwards and gradually worsen, might explain the lack 
of  relationship found between olfactory deficits and PD 
severity or disease duration[39].

Unsurprisingly, olfactory testing is quite sensitive 
and specific in distinguishing PD from other movement 
disorders[33,37,40]. In particular, considering that hyposmia 
is relatively rare in atypical Parkinson syndromes or in 
essential tremor, olfactory dysfunction presents added 
value due to its discriminatory power to differentiate 
neurodegenerative diseases[33]. Several tests are currently 
being used[10,41], some of  them purposely adapted and 
implemented for assisting in Parkinson’s Disease diagno-
sis, presenting appropriate sensitivity and specificity indi-
ces[42].

Decreased odor identification in PD patients has been 
associated with older age, greater smoking habits, more 
coffee intake and lower performance in cognition tests[34]. 
Additionally, hyposmia was also found to be predictive of  
dementia installation in PD patients within 3 years of  as-
sessment[43]. Furthermore, patients with severe hyposmia 
at baseline, display more prominent cognitive decline in 
the follow-up assessment. 

More recently, Lee et al[44] divided non-demented PD 
participants into three groups according to their perfor-
mance in an olfactory test (Cross-Cultural Smell Iden-
tification; CCSI[45]): PD-H (high score), PD-M (middle 
score) and PD-L (low score group). They further noted 
that the clinical dementia rating score was lower in the 
PD-H patients than in the PD-M or PD-L patients[44]. 
Moreover, the PD-L patients performance in the verbal 
memory tests was noted to be worse than that of  the 
PD-H patients[44], which is in consonance with previous 
findings[34,43].

In terms of  the neuropathological findings in olfac-
tory bulb, depositions of  α-Syn have been found in Lewy 
Body Diseases[33], with additional lesions extending to 
the olfactory epithelium as well as to the olfactory cortex 
and other olfactory-related structures[33,46]. Indeed, MRI 
studies confirmed that PD patients present greater Gray 
Matter (GM) loss in brain regions subserving primary 
and secondary olfactory processing, namely, bilateral piri-
form cortex (PC) and bilateral orbitofrontal cortex (OFC), 
when compared to controls (e.g., Lee et al[47]). Addition-
ally, right PC and left OFC volumes were correlated with 
the performance in olfactory tests (reduced performance 
correlated with lower GM volumes)[47]. 

These results foster the hypothesis that olfactory dys-
function is related with extranigral cortical involvement, 
which is consistent with the fact that the olfactory func-
tion does not improve with dopaminergic treatments[41]. 
Hence, other neurotransmitter systems are being consid-
ered to be involved in olfactory dysfunction (e.g., cholin-
ergic[48,49]).

Importantly, differences between studies may also be 
explained by the tested components such as odor thresh-
old, discrimination and identification. Each of  these ol-
factory components can be related to atrophy in different 
brain structures[47] therefore possibly contributing to the 
diverse smell deficits.

Finally, Takeda et al[41] highlight some considerations: 
there is actually no established standard odorants for 
the olfactory testing; environmental conditions such as 
humidity may interfere in olfactory stimulation; and sniff-
ing (the act by one inhales air to be able to smell) may be 
impaired in PD patients due to motor deficits[41]. 

Since olfactory dysfunction is an evident feature of  
PD, which can be detected in early stages of  the disease, 
to improve diagnostic precision, stronger efforts should 
be made to include olfactory assessment in the routine 
neurological examinations[41].

Frontotemporal dementia
Frontotemporal dementia is a clinical syndrome associat-
ed with shrinking/degeneration of  the frontal and anterior 
temporal lobes of  the brain[50], sometimes called fronto-
temporal lobar degeneration[51]. FTD was formerly known 
as Pick’s disease[50], however, currently, FTD groups several 
neurological designations such as Pick’s disease, primary 
progressive aphasia and semantic dementia[50,52].

FTD accounts for up to 10% to 20% of  presenile 
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dementia cases and its onset tends to occur between the 
ages of  45 and 65 years[52,53]. The main feature in FTD is 
a marked change in the behavior, usually characterized 
by either impulsive, disinhibited or apathetic behaviors; 
accompanied by inappropriate social interaction, lack of  
social skills, lack of  empathy, distractibility and compul-
sive behavior. Regarding language disturbances, patients 
may present difficulties in producing or understanding 
speech[50,52]. 

Concerning other cognitive abilities, such as spatial 
skills and memory, they tend to remain intact. For a care-
ful characterization of  this clinical syndrome, core fea-
tures and cognitive changes in FTD, refer to the works of  
Snowden et al[52] and Neary et al[51].

Regarding its neuropathology, FTD is mostly char-
acterized by cortical loss of  pyramidal cells, and spon-
giform degeneration. In fewer cases, neuron swellings 
or inclusions are observed, that is, accumulation of  tau 
proteins in neurons, visible as silver-staining aggregations 
(Pick bodies)[50,52].

Despite being less frequent than in Parkinson’s Dis-
ease, olfactory dysfunction has been reported in FTD as 
well[54]. Considering the neuroanatomy of  the olfactory 
system (involving parahippocampal gyrus and entorhi-
nal area) and the existing compromise of  the temporal 
cortex in FTD, olfactory dysfunction should be expected 
as well. One of  the first studies comparing several de-
mentia types, concluded that, when compared with AD 
and Semantic Dementia (SD) FTD patients do present 
olfactory impairment but at a lesser degree[54]. Namely, 
FTD patients demonstrate preserved odor discrimination 
abilities, whereas impairment surfaced in tasks of  odor 
naming and odor-picture matching[54]. Additionally, the 
authors found a correlation between odor identification 
performance and measures of  executive functioning[54]. 

In the same line of  findings, McLaughlin and 
Westervelt[55] compared groups of  FTD, AD patients and 
controls in an odor identification test (BSIT). The au-
thors found that the FTD performed significantly worse 
than the controls, but very similar to the AD group[55]. 
Additionally, a tendency towards correlation between 
FTD severity and olfactory identification ability was ob-
served. 

In another study[8] patients with the frontal variant 
of  FTD presented olfactory recognition deficits. The 
authors highlight the need to assess olfactory function in 
FTD patients more often, since initially these patients are 
commonly misdiagnosed as having depressive disorder. 
Considering the fact that depressive patients are expected 
to have better olfactory function, olfactory testing could 
be used to distinguish depression in elderly from a FTD 
diagnosis[8].

When comparing variants of  FTD in an odor identifi-
cation test, Omar et al[56] did not find differences between 
the subgroups, even when compared in a flavor identi-
fication task. Interestingly, these authors also found that 
the odor identification performance paralleled the flavor 
identification and both performances were correlated in 

clinical groups[56]. 

CONCLUSION
General conclusions and future directions
In the present review, in hopes of  providing a primer 
of  the topic, we summarized the main findings regard-
ing olfactory dysfunction in aging and the main types of  
dementia (please refer to Table 1 for a summary of  main 
findings in different dementias).

While there is still no solid olfactory profile for each 
type of  dementia, olfactory assessment might prove to be 
a valuable tool in assisting diagnosis, as a biomarker for 
disease progression and a surrogate marker for disease-
modifying drug efficacy[33,57]. Easy to use tests/assess-
ments (Table 2 for an exemplifying list of  standardized 
tests) are available and can be easily implemented from 
a practice-research integrative perspective, leading into 
an improved evidence-based profiling. However, a clear 
definition of  the evaluated component (identification, 
recognition, retrieval, choice) must be regarded carefully 
since the discrepancies in the results reported throughout 
this work might have the contribution of  confounding 
variables such as memory and naming difficulties.

Regarding these procedural issues, computerized odor 
systems might provide a more accurate disposal of  odor-
ants and determination of  potential differential olfactory 
thresholds in early stages of  different types of  dementia. 
Although, functional neuroimaging studies, concerning 
the present topic, are scarce, if  implemented more often 
they may assist in the clarification of  the existence of  dif-
ferent in vivo neural signatures related to differential olfac-
tory impairments (e.g., naming identification, confronta-
tion identification, retrieval).

In the context of  neuroimaging, despite the costs as-
sociated with sophisticated olfactometer apparatus, sim-
pler alternatives, such as odorant saturated cotton can be 
implemented as well (although with less reliability). Also, 
semi-automatic olfactometers/odor dispensers for imag-
ing setting can be built on a rather reasonable budget[58].

Although olfactory symptoms are a feature of  demen-
tia, which is regarded as such with a relative consensus, 
diagnostic guidelines seldom highlight its role or presence 
as a supportive feature. In this regard, screening pocket 
olfactory tests could be recommended in healthcare and 
diagnostic guidelines as a supportive test for improving 
differential diagnosis through fast data collection and pri-
or screening for the purposes of  a more extensive olfac-
tory assessment. Although one may argue that these tests 
are not exempt of  costs, there are alternatives, such as the 
Smell Diskettes, which can be reused for several months.

The use of  olfactory baseline measurements, similar 
to the neuropsychological baseline assessments used 
in some countries, should be implemented worldwide. 
However, as in neuropsychological assessments, baseline 
olfactory results are seldom available.

As noted recently, olfactory assessments could also be 
included in other routine sensory assessments, such as in 
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eye or hearing tests[59]. Routine olfactory tests, assessing 
several olfaction components[54], could assist not only in 
the detection and the discovery of  causes for olfactory 
dysfunctions, but also aid longitudinal studies aiming to 
understand olfaction, and more immediately in the detec-
tion of  common causes of  olfactory dysfunctions, such 
as airway disorders and viral or bacterial infections.

In order to improve and generalize these baseline as-
sessment practices, it is important to increase awareness 
of  its clinical and research relevance not only among the 
researchers, but also among the physicians and the psy-
chologists. Concerted informative action for generating 
awareness among governmental and legislative health 
bodies should be implemented by researchers and clini-
cians in all the fields of  olfactory dysfunction. The ab-
sence of  baseline assessments will continue to minimize 
accuracy in studies and clinical practices, since compari-
sons of  patient values exclusively to group results, and 
not to individual levels of  olfactory functioning, will only 
yield approximate results.

In sum, we hope that the potential of  utilizing the ol-
factory dysfunction for diagnosis and perhaps even as in-
tervention outcome, together with an awareness of  avail-
able inexpensive and easy to implement assessment tools, 
can lead to its wider clinical use (integrated with research 
efforts). The latter mentioned proposal may very well 
improve dementia diagnosis and allow an establishment 
of  differential profiles. Implementation of  olfactory tests 
in standard neuropsychological screening and diagnostic 
batteries, from preclinical and early stages of  dementia, 
will clarify if  olfactory dysfunction holds any potential 

for aiding research progress in the field of  dementia[13,24].
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Abstract 
The processes of lung fibrogenesis and fibrotic healing 
are common to a number of conditions with different 
etiologies. The lungs are the only affected organ in 
some cases, whereas in others, several organ systems 
are involved. Therapeutic options can be discussed 
from various perspectives. In this review, we address 
the localization of therapeutic targets with regard to 
cell compartments, including secreted ligands, cell sur-
face, plasma membrane-cytosol interplay, cytosol and 
nucleus. Complex approach using stem cell therapy 
is also discussed. As the prognosis of patients with 
these disorders remains grim, treatment combinations 
targeting different molecules within the cell should 
sometimes be considered. It is reasonable to assume 
that blocking specific pathways will more likely lead 
to disease stabilization, while stem cell-based treat-
ments could potentially restore lung architecture. Gene 
therapy could be a candidate for preventive care in 
families with proven specific gene polymorphisms and 
documented familial lung fibrosis. Chronobiology, that 
takes into account effect of circadian rhythm on cell bi-
ology, has demonstrated that timed drug administration 
can improve treatment outcomes. However, the specific 

recommendations for optimal approaches are still un-
der debate. A multifaceted approach to interstitial lung 
disorders, including cooperation between those doing 
basic research and clinical doctors as well as tailoring 
research and treatment strategies toward (until now) 
unmet medical needs, could improve our understanding 
of the diseases and, above all, provide benefits for our 
patients. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Interstitial lung disease; Treatment; Idio-
pathic pulmonary fibrosis; Connective tissue disease; 
Cell compartments; Signaling molecules; Signal trans-
ducers; Transcription factors

Core tip: Novel treatment targets in patients with fibros-
ing interstitial lung diseases are summarized. Targets 
are listed according to defined cell compartments. On-
going clinical studies focusing on some of the promis-
ing targets provide insight into current progress in lung 
fibrosis research.

Sterclova M, Vasakova M. Promising new treatment targets 
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INTRODUCTION
The processes of  lung fibrogenesis and fibrotic healing 
are common to a number of  conditions with differ-
ent etiologies. The lungs are the only affected organ in 
some cases, whereas in others, several organ systems are 
involved. There are several similar features that can be 
observed in adult patients with fibrosing lung disorders: 
e.g., a history of  exposure to inhaled antigens (organic or 

MINIREVIEWS

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.12998/wjcc.v2.i11.668

World J Clin Cases  2014 November 16; 2(11): 668-675
 ISSN 2307-8960 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

World Journal of
Clinical CasesW J C C

November 16, 2014|Volume 2|Issue 11|WJCC|www.wjgnet.com 668



inorganic compounds, smoking), respiratory infections 
(viral), extra-esophageal reflux, impaired coagulation cas-
cade, signs of  immune system disorders with detectable 
autoantibodies, and genetic susceptibility[1-5]. In some pa-
tients, both fibrosis and inflammation may be observed; 
in contrast, in the pathogenesis of  idiopathic pulmonary 
fibrosis (IPF), inflammation plays a relatively minor 
role[6].

The spectrum of  interstitial lung diseases with a fibro-
proliferative pattern of  healing is summarized in Table 1.

Until recently, most treatment options in patients 
with interstitial lung disorders have focused on inflamma-

tion and lung fibrosis, relying on anti-inflammatory and 
immunosuppressive agents[7]. However, these strategies 
have been found to be effective only in specific groups 
of  patients (patients with connective tissue-associated 
ILD, history of  inhalation of  organic antigens, drug- and 
radiation-induced ILD, sarcoidosis or other granulomato-
ses). In IPF patients, as documented in the Panther study, 
these treatments not only failed, but they seemed to 
negatively impact the mortality and morbidity outcomes 
of  patients[8]. 

Figure 1 depicts the hypothesized mechanism under-
lying the pathogenesis of  IPF. Repeated micro-injuries to 
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Table 1  Interstitial lung diseases with a fibro-proliferative pattern, radiologic/histologic phenotypes and new treatment modalities

Etiology Radiologic/histopathologic phenotype New treatment modalities studied

Lung-specific involvement
  Inhalation of organic antigens (e.g., EAA) NSIP, UIP, OP, DIP, AIP No
  Inhalation of inorganic materials (e.g., asbestosis) NSIP, UIP, OP, DIP, AIP No
  Drug and radiation toxicity NSIP, UIP, OP, DIP, AIP No
  Idiopathic pulmonary fibrosis UIP ± NSIP Yes
  Idiopathic nonspecific interstitial pneumonia NSIP ± UIP No
Systemic involvement
  ILDs associated with connective tissue diseases NSIP, UIP, OP, DIP, AIP Yes
  Sarcoidosis and other granulomatoses NSIP, UIP, OP, DIP, AIP Yes

EAA: Extrinsic allergic alveolitis; IPF: Idiopathic pulmonary fibrosis; NSIP: Nonspecific interstitial pneumonia; ILD: Interstitial lung disease; UIP: Usual 
interstitial pneumonia; OP: Organizing pneumonia; DIP: Desquamative interstitial pneumonia; AIP: Acute interstitial pneumonia.
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Figure 1  Suggested pathogenesis of idiopathic pulmonary fibrosis. ROS: Reactive oxygen species; PDGF: Platelet-derived growth factor; TGF-b: Transform-
ing growth factor beta; TNF-a: Tumor necrosis factor alpha; MMPs: Matrix metalloproteases; PAI: Platelet activator inhibitor; ECM: Extracellular matrix; TIMP: Tissue 
inhibitor of metalloproteases; FGF: Fibroblast growth factor; VEGF: Vascular endothelial growth factor.



the alveolar epithelium seem to play a key role in the ini-
tiation of  the disease. Fibroblasts are attracted to the site 
of  injury, proliferate and eventually form fibroblast foci 
with exaggerated extracellular matrix production[9]. Some 
of  the epithelial type II alveolar cells may undergo trans-
differentiation into fibroblasts and become activated[10]. 
Developmentally active programs, including Sonic hedge-
hog (Shh), Notch and Wingless-related MMTV integra-
tion site (Wnt), were found to be repeated in IPF[11,12]. 
However, unlike in “normal” development, these path-
ways seem to be dysregulated, resulting in an overactive 
development phenotype[13]. 

These clinical observations as well as new insights 
into the pathogenesis of  fibrosing lung diseases have led 
to a vigorous search for alternative treatments. Potential 
targets for the treatment of  fibrosing ILD are listed in 
Table 2. Table 3 presents ongoing clinical studies in IPF 
patients.

SECRETED LIGANDS (SIGNALS FROM 
OTHER CELLS, AUTOCRINE SIGNALS)
Cytokines, chemokines, growth factors and their recep-
tors have been widely investigated in patients with vari-
ous fibrosing lung diseases. These molecules play a role 
in inflammation, fibrogenesis and angiogenesis, and most 
of  them have been found to be somehow involved in 

the pathogenesis of  fibrosing lung disorders[14]. Although 
in vitro studies and experiments using mouse models 
have provided promising results suggesting that block-
ing certain chemokines or cytokines could prevent the 
progression of  lung fibrosis, results from clinical studies 
have not been convincing. For instance, although tumor 
necrosis factor alpha (TNF-alpha) inhibitors were found 
to be useful in the management of  connective tissue dis-
eases (CTDs) and sarcoidosis, they were demonstrated 
to have no benefit in patients with marked lung fibro-
proliferation, such as in IPF patients[15,16]. Moreover, in 
patients with pulmonary involvement due to CTDs, the 
role of  TNF-alpha inhibitors has yet to be established[17]. 
Other agents, such as interleukin-13 (IL-13) inhibitors, 
chemokine (C-C motif) ligand 2 inhibitors, connective 
tissue growth factor (CTGF) inhibitors, transforming 
growth factor (TGF) inhibitors and (beta 1 isoform) 
lysyl oxidase-like (LOXL) 2 inhibitors, are currently the 
subject of  clinical studies[18]. TGF beta is considered an 
important mediator of  fibrotic processes. It plays a role 
in in wound healing, extracellular matrix production and 
angiogenesis. However, it is also involved in inflammato-
ry responses and can exhibit both pro-inflammatory and 
anti-inflammatory properties. TGF beta also plays an am-
biguous role in oncogenesis: it can inhibit the growth of  
some tumor cells while enhancing migration and growth 
in others[19]. As the fibrogenic properties of  TGF beta 
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Table 2  Potential treatment targets in patients with fibrosing lung disease, according to target location

Target                                                 Potential molecular target

Signals from other cells
Autocrine signals

Cytokines, survival factors, chemokines, hormones, transmitters, growth factors, extracellular 
matrix compounds, Wnt, Hedgehog, death factor

Cell surface Cytokine receptors, receptor tyrosine kinase, G protein-coupled receptors, integrins, Frizzled, 
Patched, Fas receptor, ion channels

Plasma membrane-cytosol interface Kinases
miRNAs

Cytosol signal transducers Apoptosis-related proteins
Nucleus Transcription factors

Epigenetic modifiers

miRNA: Micro-ribonucleic acid.

Table 3  Ongoing clinical studies in idiopathic pulmonary fibrosis patients

Target Potential molecular target Ongoing clinical study

Signals from other cells Interleukin 13 Lebrikizumab NCT01872689
Autocrine signals Connective tissue growth factor Tralokinumab NCT02036580

FG-3019 NCT01890265
Cell surface Lysophosphatidic acid receptor

Lysyl oxidase LOXL2
CD20
Androgen receptor

Lysophosphatic acid receptor antagonist-NCT01766817
Simtuzumab NCT01769196
Rituximab NCT01969409
Nandrolone decanoate NCT02055456

Plasma membrane-cytosol interface Phosphoinositol kinase PI3K Phosphoinositol kinase PI3K inhibitor NCT01725139
Cytosol signal transducers Αvβ6 integrin STX-100 NCT01371305
Nucleus None
Stem cells Autologous adipose-derived adult stem cells NCT02135380

Autologous mesenchymal bone marrow-derived stem cells NCT01919827
Allogenic human mesenchymal stem cells NCT02013700
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have been known and extensively studied, an anti-TGF 
beta antibody (fresolimumab) has already been tested in 
IPF patients. Current strategies are directed mostly at 
downstream mediators, which are thought to have fewer 
harmful effects on tissue homeostasis[20]. 

Oxidative stress is considered to be a key mediator in 
IPF pathogenesis. It is not known whether this is due to 
the overproduction of  reactive oxygen species (ROS) or 
to the diminished scavenger capacity of  various cells[21]. 
NADPH oxidase (NOX) is one of  the ROS-generating 
enzyme systems expressed by alveolar epithelial cells, 
endothelial cells, macrophages, neutrophils, mesenchy-
mal cells and smooth muscle cells. Several isoforms of  
NOX have been characterized, with NOX-1, NOX-2 and 
NOX-4 appearing to be the most relevant in IPF patho-
genesis. Specific NOX inhibitors may prove to be effec-
tive drug targets in IPF[22].

CELL SURFACE
Pirfenidone was found to inhibit the synthesis of  TGF 
beta and TNF alpha, even though the underlying mecha-
nism has yet to be elucidated. Compared to placebo, 
pirfenidone delays the progression of  IPF and mortality, 
and it is currently the only registered molecule for IPF 
treatment in some countries[23].

Lung fibrosis with distortion of  vessel architecture 
is accompanied by enhanced coagulation. The primary 
function of  the coagulation cascade is to promote he-
mostasis and limit blood loss in response to tissue injury. 
However, coagulation also plays a pivotal role in inflam-
matory and tissue repair responses, including lung fibro-
sis[24]. Hyperplastic alveolar epithelium in patients with 
fibro-proliferative lung disorders might be an important 
source of  several coagulation-promoting factors. There 
have been several studies on the potential therapeutic role 
of  warfarin, but these resulted in a strong recommenda-
tion against the use of  warfarin in IPF treatment. Further 
studies have shown that other components of  the coagu-
lation cascade can be targeted. Proteinase-activated recep-
tor 1 (PAR-1) is a major high-affinity receptor for throm-
bin and its activation leads to a number of  pro-fibrotic 
events, including the proliferation of  fibroblasts and their 
differentiation into myofibroblasts[25]. PAR-1 has been 
suggested as a major player in endothelial-epithelial bar-
rier disruption. Atopaxar and vorapaxar inhibit PAR-1 
and may represent possible options in IPF treatment[26].

Given that fibroblast proliferation and extracellular 
matrix production are the hallmark of  fibrotic lung dis-
eases, huge efforts have been made to investigate fibro-
blast biology and signaling[27]. Lung fibroblasts derived 
from IPF patients have enhanced motility compared to 
their normal counterparts. This hypermotile phenotype 
of  fibroblasts is thought to be driven by ligation of  uro-
kinase with its receptor (uPAR), which leads to the for-
mation of  unique lipid raft platforms. Blocking fibroblast 
migration via uPAR represents one possible future treat-
ment option for IPF patients[28].

Another therapeutic approach may involve block-
ing signaling mechanisms in cells that are common to 
multiple pathways. The pro-fibrotic effect of  TGF beta 
1 and basic fibroblast growth factor (FGF) was found to 
be dependent on a Ca2+-activated K+ channel (KCa3.1). 
Inhibiting this channel can block the function of  pro-fi-
brotic human lung myofibroblasts. This makes the KCa3.1 
channel an attractive pharmacological target, particularly 
as it appears to play only a minor role in normal physiol-
ogy[29]. So far, inhibitors of  this channel have been used 
in humans with sickle cell disease with few side effects.

PLASMA MEMBRANE-CYTOSOL 
INTERPLAY
Tyrosine kinase (TK) inhibition also attenuates down-
stream signaling in cells and might be useful if  a mutation 
in the gene coding for tyrosine kinase leads to uncon-
trolled activation of  the cell, manifested as unregulated 
cell cycle or protein production. Several authors have 
suggested that similar features and pathogenic pathways 
might play a key role in idiopathic pulmonary fibrosis and 
lung cancer[30]. In both diseases, epigenetic and genetic 
changes result in altered responses to regulatory signals, 
abnormal expression of  microRNAs and activation of  
specific signaling pathways, which raises suspicion that 
a similar treatment approach could be useful. Inhibitors 
of  TKs or TK-dependent signal transduction pathways 
might be very helpful in controlling the growth of  cancer 
cells[31]. Although studies with imatinib mesylate in IPF 
patients showed a lack of  efficacy, this compound is not 
the only inhibitor of  TK signal transduction that has 
been tested. Nintedanib is a triple inhibitor of  TK recep-
tors (platelet-derived growth factor, vascular endothelial 
growth factor, and fibroblast growth factor receptors) 
and is just one of  the new drugs that may improve the 
prognosis of  IPF patients[32]. Recently published data 
show that nintedanib reduces lung function decline and 
slows the progression of  IPF[33].

Another member of  the protein kinase family is a 
group of  serine-threonine kinases. Rho-kinase (ROCK) is 
a member of  this group and is involved in the regulation 
of  cell movement and shape and plays a role in the func-
tion of  the tumor suppressor gene PTEN and the mech-
anism of  apoptosis[34]. The rho-kinase inhibitor fasudil 
has potential as a new treatment in systemic scleroderma 
patients. Additionally, this molecule was found to inhibit 
lung fibrosis in the bleomycin mouse model and has been 
suggested as a possible treatment for IPF patients[35]. 

As mentioned above, pathological remodeling of  
the extracellular matrix by fibroblasts plays a role in IPF 
pathogenesis. Parker et al[36] noted that expansion of  fi-
brotic lesions after the initial insult leading to fibrogenesis 
is likely driven by a positive feedback loop between fibro-
blasts and the extracellular matrix. An interesting option 
for blocking this loop could be miR-29, which is a potent 
negative regulator of  extracellular matrix genes. Gener-
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ally, miRNAs are a type of  non-coding, small-sized, evo-
lutionarily preserved RNA and they act as repressors of  
gene expression at the post-transcriptional level. Other 
miRNAs that may play a role in IPF and may represent 
treatment opportunities include miR-21, miR-155 and 
miR-200[37].

NUCLEUS
Novel treatment targets are not just limited to the cell 
surface or cytoplasm; some potential treatments also tar-
get the nucleus. Transcription factors are proteins neces-
sary for the transcription of  DNA into mRNA. There are 
specific transcription factors involved in development, re-
sponse to environmental stimuli, cell cycle control and re-
sponse to intercellular signals. Immediate-early response 
transcription factor (Egr-1) takes part in mitogenesis and 
differentiation. It is thought to be a tumor suppressor 
gene. Egr-1 has been found to play a role in the fibrotic 
process, in addition to oncogenesis. It can regulate the 
expression of  extracellular matrix components, matrix 
remodeling enzymes and fibrogenic cytokines, and drive 
myofibroblast differentiation[38,39]. Although several drugs 
have been found to have potent inhibitory activity against 
Egr-1 induction or activity (e.g., mycophenolate mofetil, 
cyclosporine, imatinib mesylate), clinical studies have 
only supported their potential use in a subset of  patients 
(ILD associated with CTD)[40]. Although mycophenolate 
mofetil, cyclosporine or imatinib mesylate may be useful 
in patients with autoimmune disorders that also affect 
the lung, they are not routinely recommended for IPF 
patients. The role of  simvastatin and rosiglitazone still 
needs to be established[41,42].

Gene therapy has been suggested as a potential treat-
ment option in numerous respiratory diseases. Gene 
preparations can be administered to target organs by 
intravenous, intramuscular or intra-tumor injections. One 
possible noninvasive delivery strategy includes intrana-
sal administration[43]. Effective introduction to the lungs 
is thought to be possible because of  the large absorp-
tion area of  the mucous membrane and high perfusion. 
Most research in this area is concentrated on monogenic 
diseases and lung cancer, with few data on IPF thus far. 
Gene therapy has been combined with conventional 
treatment in cancer models and seems to offer interest-
ing treatment possibilities in cases with a known genetic 
cause - especially for familial lung fibrosis due to short 
telomere syndrome or MUC5B (gene for mucin) gene 
polymorphisms[44-46].

TISSUE REPAIR- POTENTIAL FOR STEM 
CELLS
Stem cells represent a more complex treatment approach 
than specific molecular targeted therapy. Stem cells were 
expected to be the ultimate strategy for restoring diseased 
lungs, including structural repair (engraftment of  cells) 
and immunomodulation. Endogenous lung progenitors, 

endothelial stem cells, induced pluripotent cells, mesen-
chymal stem cells and epithelial stem cells have all been 
proposed as prospective treatments, especially for IPF 
patients[47,48]. Intravenous and intratracheal administration 
of  epithelial type Ⅱ alveolar cells is now being tested in 
humans. Mesenchymal stem cells (MSCs) were found to 
be immunosuppressive, they have low immunogenicity 
and they home to sites of  injury after systemic adminis-
tration. However, MSCs appear to be more efficient in 
resolving diseases with high inflammatory activity and 
are less able to preserve organ function or restore cell de-
rangements in patients with chronic disease. It has been 
suggested that systematically administered bone marrow 
MSCs can differentiate into type Ⅱ epithelial cells and 
suppress the expression of  proinflammatory and profi-
brotic genes[49,50]. However, ongoing studies in IPF pa-
tients were designed as safety studies and their results are 
still somewhat controversial. The therapeutic potential of  
bone marrow MSCs may be further enhanced by using a 
cell-based gene delivery approach.

CHRONOBIOLOGY
Although circadian rhythms have proved to be strong 
regulators of  many tissue-specific genes, the data con-
cerning lung fibrosis patients are limited. A study by 
Pekovic-Vaughan suggests that susceptibility to oxidative 
stress lung injury may vary during the day, because the 
activity of  redox-sensitive transcription factor Nrf2 cor-
relates with the circadian rhythm[51]. Not only does Nrf2 
enhance oxidative stress, it also points toward a new site 
for lung fibrosis research[52]. Chronobiology has demon-
strated that timed drug administration can improve treat-
ment outcomes.

NON-IPF DISORDERS
In patients with non-IPF fibrosing interstitial lung disor-
ders that continue to progress despite conventional im-
munosuppression, the anti-CD20 monoclonal antibody 
rituximab has been tested and appears to be an effective 
therapeutic intervention, regardless of  the final diagno-
sis[53]. However, the data on the optimal treatment strat-
egy in CTD-related fibrosing lung disease are still limited. 
In patients with systemic lupus erythematosus (SLE), 
belimumab (IgG1 lambda monoclonal antibody binding 
circulating B-lymphocyte stimulator) may be an attractive 
alternative to rituximab. The anti-interferon antibody si-
falimumab is being studied in SLE patients and may rep-
resent a new treatment option for other autoimmune dis-
orders[54]. Whether it could also be beneficial in patients 
with associated interstitial lung disease is still unknown.

Pulmonary involvement in systemic sclerosis (SSc) 
patients is common and it is considered to a major cause 
of  death in SSc patients. The pathogenesis of  SSc is 
characterized by significant accumulation of  inflamma-
tory cells in the lung parenchyma, even in patients with 
an otherwise usual interstitial pneumonia (UIP) pattern 
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of  interstitial lung fibrosis. There is an ongoing debate 
regarding the optimal immunosuppressive agents for SSc 
ILD patients, especially concerning newer agents such as 
mycophenolate or rituximab. According to some authors, 
cyclophosphamide should not be routinely replaced by 
mycophenolate in SSc ILD subjects[55]. Several studies 
have indicated that rituximab can be useful, but it should 
be further investigated[56]. Pirfenidone, STX-100 and fa-
sudil represent interesting possible treatment options in 
SSc ILD patients.

CONCLUSION 
Despite recent advances and deeper insight into the 
pathogenesis of  fibrosing lung disorders, we are still un-
able to successfully treat our patients. Several points need 
to be addressed, and several intriguing questions need to 
be answered: (1) How do we define effective treatment? 
Should effective treatment be defined in terms of  disease 
stabilization and prevention of  further decline in lung 
function? Should we define effective treatment as an im-
provement in patient quality of  life, without necessarily 
extending it? Should the optimal definition of  “effective 
treatment” include restoration of  the lung parenchyma 
and resolution of  both fibrosis and inflammation (if  
any is present)? It is reasonable to assume that blocking 
specific pathways will more likely lead to disease stabiliza-
tion, while stem cell-based treatments could potentially 
restore lung architecture. Gene therapy could be a candi-
date for preventive care in families with proven specific 
gene polymorphisms and documented familial lung 
fibrosis; (2) Radiological and histopathological patterns 
of  usual interstitial pneumonia (UIP) may be observed in 
patients with fibrosing lung disease of  known cause, such 
as CTDs, drug-induced lung fibrosis or in patients with 
a history of  exposure to inorganic/organic inhalation 
antigens. Can any of  the above-mentioned therapeutic 
approaches also be used in non-IPF patients with a radio-
graphic/histopathologic UIP pattern? (3) Should a com-
bination of  drugs and therapeutic approaches be used 
instead of  monotherapy? and (4) Similarities between IPF 
and lung cancer were listed above. What should we learn 
from the oncological approach? Should we use different 
treatment strategies according to the stage of  the disease 
and the individual genetic background of  patients? If  so, 
what should the staging of  lung fibrosis be based on?

We believe that a multifaceted approach to IPF, in-
cluding cooperation between those doing basic research 
and clinical doctors as well as tailoring research and treat-
ment strategies toward (until now) unmet medical needs, 
could improve our understanding of  the disease and, 
above all, provide benefits for our patients. 
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Abstract
The purpose of this review article is to discuss the clini-
cal spectrum of recurrent traumatic anterior shoulder 
instability with the current concepts and controversies 
at the scientific level. Because of increasing participa-
tion of people from any age group of the population in 
sports activities, health care professionals dealing with 
the care of trauma patients must have a thorough un-
derstanding of the anatomy, patho-physiology, risk fac-
tors, and management of anterior shoulder instability. 
The risk factors for recurrent shoulder dislocation are 
young age, participation in high demand contact sports 
activities, presence of Hill-Sachs or osseous Bankart 
lesion, previous history of ipsilateral traumatic disloca-
tion, ipsilateral rotator cuff or deltoid muscle insuf-
ficiency, and underlying ligamentous laxity. Achieving 
the best result for any particular patient depends on 

the procedure that allows observation of the joint sur-
faces, provides the anatomical repair, maintains range 
of motion, and also can be applied with low rates of 
complications and recurrence. Although various surgical 
techniques have been described, a consensus does not 
exist and thus, orthopedic surgeons should follow and 
try to improve the current evidence-based treatment 
modalities for the patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Recurrent instability; Glenohumeral joint; 
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Core tip: Recurrent anterior instability of the shoulder is 
a complex disorder which mainly affects younger popu-
lation, and generally requires surgical intervention to 
restore joint stability. Although many authors published 
good to excellent clinical results regarding various tech-
niques described in the literature, a consensus on the 
ideal treatment modality has not been established yet. 
In this review article, we present an overview of recur-
rent anterior instability of the glenohumeral joint and 
discuss the treatment options with current concepts. 

Sofu H, Gürsu S, Koçkara N, Öner A, Issın A, Çamurcu Y. Re-
current anterior shoulder instability: Review of the literature 
and current concepts. World J Clin Cases 2014; 2(11): 676-682  
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INTRODUCTION 
Anterior glenohumeral dislocation during sports activities 
or social life is one of  the most commonly seen patholo-
gies in the clinical practice of  orthopedic traumatology. 
The prevalence of  anterior glenohumeral instability has 
been reported as 2%[1]. The glenohumeral joint has been 
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reported as the most commonly dislocated synovial joint 
of  the human body[2]. Forced abduction and external 
rotation of  the shoulder can cause anterior dislocation 
resulting in instability[3]. Participation in athletics can 
place exceptional demands on the musculoskeletal sys-
tem, especially the shoulders of  the ones who perform 
overhead activities[4]. Shoulder instability most commonly 
affects people who are in their late teens to mid-thirties[5]. 
A major problem following a primary traumatic anterior 
shoulder dislocation is the high risk of  recurrence among 
young patients[6]. Rhee et al[7] mentioned that these injuries 
occur at a younger age, with higher rates of  recurrence, 
and with shorter intervals between initial injury and 
recurrent instability events among athletes. Because of  
increasing participation of  people from any age group of  
the population in sports activities, health care profession-
als dealing with the care of  trauma patients must have a 
thorough understanding of  the anatomy, patho-physiol-
ogy, risk factors, and management of  anterior shoulder 
instability. Degenerative arthropathy in the shoulder joint 
is generally the final result of  chronic instability[8]. The 
purpose of  this review article is to discuss the clinical 
spectrum of  recurrent traumatic anterior shoulder insta-
bility with the current concepts and controversies at the 
scientific level.

FUNCTIONAL ANATOMY
Shoulder joint is a complex anatomical and biomechani-
cal structure which functions in a manner that several 
stabilizers play role in a special harmony in different 
stages of  motion. Stability of  the shoulder is established 
by the glenohumeral articulation, labrum, glenohumeral 
ligaments, rotator cuff, and deltoid muscle. The contact 
surface of  the humeral head with the glenoid is about 
30%, which means that the joint has a limited osseous 
constraint so that the primary stability is due to other soft 
tissue components rather than the osseous contact[9]. This 
allows a very large range of  motion but in turn, a predis-
position to subluxation or dislocation as well. The ante-
rior labrum plays a key role in anteroposterior stability as 
it deepens the glenoid cavity up to 50%[10]. Therefore, in-
juries causing detachment of  the labrum from its original 

anatomic location can cause recurrent anterior instability. 
A Bankart lesion, which is defined as the anteroinferior 
detachment of  the glenoid labrum, was demonstrated in 
87% to 100% of  first-time dislocations[11-13] (Figure 1).

The superior, middle and inferior glenohumeral liga-
ments unite to form a soft tissue complex which func-
tions as a static stabilizer for the joint. Each component 
of  this ligamentous structure has its unique contribution 
to joint stability during different stages of  motion. The 
coracohumeral ligament also functions synergistically 
with the superior glenohumeral ligament in resisting in-
ferior translation of  an adducted shoulder joint[14]. The 
middle and inferior glenohumeral ligaments provide an-
terior stability in different degrees of  shoulder abduction 
and external rotation. The anteroinferior portion is the 
weakest part of  the glenohumeral ligament complex in an 
abducted and externally rotated shoulder. 

The deltoid muscle and the rotator cuff  are named as 
the primary dynamic stabilizers which are active during 
shoulder motion in all axes[9]. The pathologies affecting 
the deltoid muscle and the rotator cuff  not only cause 
decrease in range of  motion of  the shoulder joint but 
also disturbance of  the biomechanical stability. Muscle 
weakness and/or imbalance of  the dynamic stabilizers 
have been reported as leading to recurrent anterior shoul-
der instability[15-20].

CLINICAL EVALUATION 
A detailed history and a careful physical examination 
of  the patient are the primary steps of  the clinical as-
sessment. Mechanism of  the first incident, time period 
from the first dislocation to recurrent instability, activities 
leading to recurrence or apprehension, number of  dis-
locations, and history of  reducibility without emergency 
visit should be noted for each patient. Schrumpf  et al[14] 
mentioned the importance of  distinguishing traumatic 
subluxation or dislocation and multidirectional instability, 
as the pathophysiologies and the treatment approaches 
of  them were far different. 

Physical examination is crucial in understanding 
the mechanism of  recurrent dislocations. Comparative 
evaluation of  both shoulders should be performed. Any 
visible deformity and/or muscle atrophy with respect to 
contralateral shoulder, or any scar tissue related to past 
trauma or surgery are important and simply recognizable 
just by a careful inspection. Active and passive range of  
motion in all planes should be measured and noted for 
both shoulders in every patient. Generalized ligamen-
tous laxity should be kept in mind and checked in every 
patient. Axillary nerve examination should always be 
considered as critically important during clinical assess-
ment. Apprehension and relocation tests as provocative 
examination are the fundamentals of  clinical evaluation 
of  any patient with a medical history of  recurrent insta-
bility (Figure 2). Anterior apprehension test is performed 
with the shoulder in 90 degrees of  abduction and the 
elbow in 90 degrees of  flexion, with forced external rota-

Sofu H et al . Recurrent shoulder dislocations

November 16, 2014|Volume 2|Issue 11|WJCC|www.wjgnet.com 677

Figure 1  The Bankart lesion on magnetic resonance imaging.



tion applied to the extremity as anterior stress is applied 
to the humerus. Relocation test is performed while the 
patient is supine and the shoulder in 90 degrees of  ab-
duction and external rotation. Anterior stress is applied 
to the humerus in various degrees of  abduction. When 
the pain or apprehension occurs, posterior-directed force 
is applied to relocate the humeral head. If  the release of  
posteriorly directed stress used to relocate the humeral 
head produces a feeling of  apprehension or subluxation, 
it indicates anterior instability. Laxity specific to lesions 
of  inferior glenohumeral ligament can be distinguished 
by performing the hyperabduction test (Gagey’s sign)[21]. 

Anteroposterior, axillary lateral and scapular Y-view 
images are the primary routine radiographic evaluation 
tools in patients with recurrent instability (Figure 3). Dif-
ferent specific radiographic imaging techniques including 
apical oblique view, West point axillary view or Stryker 
notch view can also be valuable to detect particular 
pathologies related to patient’s complaint. West point 
axillary view is used to evaluate for a glenoid rim frac-
ture, whereas Stryker notch view is for Hill-Sachs lesion. 
However, a three-dimensional computed tomography is 
gold-standard technique to detect osseous pathologies as 
well as quantifying the degree of  bone loss[22]. Magnetic 
resonance imaging (MRI) is a very useful tool in detecting 
soft tissue pathologies. Gadolinium-enhanced MRI is a 
minimally invasive and effective radiographic method to 
diagnose any capsular or labral damage pre-operatively. 

RISK FACTORS FOR RECURRENT 
INSTABILITY
Many different risk factors for recurrent anterior shoul-
der dislocation such as young age, participation in high 
demand contact sports activities, previous history of  ip-
silateral traumatic dislocation, presence of  Hill-Sachs or 
osseous Bankart lesion, ipsilateral rotator cuff  or deltoid 
muscle insufficiency, and underlying ligamentous laxity 
have been described[1,23-30]. Ramsey et al[31] reported that 
traumatic anterior instability of  the shoulder is associated 
with a high rate of  recurrence in young patients. Marans 
et al[32] reported 100% redislocation rate in twenty-one 
skeletally immature patients who were treated with a 
sling. 

According to Porcellini et al[33], age at the time of  the 
first dislocation, male sex, and the time from the first 
dislocation until surgery were significant risk factors for 
recurrence. However, in a prospective multicenter clinical 
study with twenty-five years of  follow-up no significant 
differences with respect to gender could be demonstrat-
ed[34]. According to the results of  a Level-I prospective 
cohort study subjects with a prior history of  glenohu-
meral joint instability were approximately five times more 
likely to experience a subsequent instability event, regard-
less of  direction[35]. Although glenoid bone loss is more 
common, engaging Hill-Sachs lesions can also be a cause 
of  recurrent instability[36] (Figure 4). A Hill-Sachs lesion, 
which is defined as an osseous defect resulting from 
forceful impaction on the posterolateral side of  the hu-
meral head during anterior dislocation, was demonstrated 
as high as 90% to 100% of  the patients with shoulder 
instability[11-13]. Hovelius et al[34] reported that immobiliza-
tion was not found to be associated with the risk of  re-
dislocation. 

TREATMENT
Recurrent anterior shoulder instability resulted from an 
initial traumatic dislocation can be as serious as prevent-
ing an athlete from returning to sports. Without proper 
treatment, chronic instability generally results in a degen-
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Figure 2  Apprehension and relocation tests.

Figure 3  Anteroposterior shoulder view and scapular Y view radiographs.

Figure 4  Engaging Hill-Sachs lesion leading to recurrent anterior instabil-
ity (A) and Hill-Sachs lesion on magnetic resonance imaging (B).
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erative arthropathy in the shoulder joint (Figure 5). The 
common surgical interventions address the labral tears 
as well as the capsular laxity which are generally the basic 
underlying pathologies. Surgical repair of  any accom-
panying rotator cuff  tear should also be included in the 
treatment process (Figure 6). Although many different 
surgical techniques have been described to treat traumatic 
recurrent anterior instability of  the shoulder, the best 
method still remains controversial. A successful clinical 
outcome basically requires an accurate surgical technique 
applied via adequate exposure. The main objective of  the 
treatment should be considered as the most anatomical 
repair of  the well defined pathological condition leading 
to recurrent instability. Achieving the best result for any 
particular patient depends on the procedure which allows 
observation of  the joint surfaces, provides the anatomical 
repair, maintains range of  motion, and also can be ap-
plied with low rates of  complications and recurrence. 

Open and arthroscopic procedures are treatment op-
tions in patients with traumatic recurrent anterior instabil-
ity of  the shoulder which is unresponsive to conservative 
measures. The arthroscopic treatment of  glenohumeral 
instability requires that a level of  expertise be achieved 
and retained[31]. Although open stabilization was reported 
as more effective than arthroscopic stabilization in the 
aspect of  post-operative recurrence rates in 1990s, clini-
cal outcomes have become similar in time. Technological 
improvements in arthroscopic instrumentation as well as 
the development of  the innovative surgical techniques as 
a result of  the cumulative experience with improved un-
derstanding of  the factors leading failure in such patients 
have played the key role[24,33,37-43]. In their prospective ran-
domized study, Fabbriciani et al[41] reported equal results 
between arthroscopic and open surgical repair of  Bankart 
lesion in the aspect of  recurrence. According to the re-
sults of  another recent prospective randomized clinical 
trial comparing open and arthroscopic techniques, the 
difference in quality of  life between the patients in the 
two groups was neither significant nor clinically impor-
tant at two years follow-up; however significantly lower 
risk of  recurrence was obtained in patients for whom 
open repair was preferred[5]. Surgical treatment of  ath-
letes participating in contact sports is still controversial. 

Rhee et al[44] compared the results of  arthroscopic and 
open stabilization in young contact athletes and reported 
recurrent instability as 25% in the arthroscopic group and 
13% in the open stabilization group. Some authors men-
tioned that athletic activity plays a greater role in post-
operative recurrence than the surgical method used for 
stabilization[39,45]. 

Bone loss either on the glenoid or the humeral head 
may cause or complicate recurrent shoulder dislocations. 
Recurrent episodes of  anterior instability of  the shoulder 
joint may cause Hill-Sachs or osseous Bankart lesion get 
larger which leads further instability[46,47]. Therefore, iso-
lated Bankart repair is generally not sufficient as the sur-
gical management of  the patients with osseous lesions. 
In their study which evaluates the morphology of  the 
glenoid cavity in patients with recurrent anterior instabil-
ity of  the shoulder, Sugaya et al[48] concluded that 10% of  
subjects did not have osseous pathology, 40% had bony 
erosion, and 50% had an osseous Bankart lesion. If  bone 
loss is greater than 25% of  the glenoid surface, surgical 
treatment should include a bony reconstruction proce-
dure[49]. Ideal technique for the surgical management of  
bony defects on the glenoid rim is controversial. Reduc-
tion and fixation of  the displaced glenoid rim fracture, 
transfer of  the coracoid process to the anterior glenoid, 
and reconstruction by using autograft or allograft bone 
block are the methods to restore the normal width and 
depth of  the glenoid cavity. Basically, all of  the various 
surgical interventions aim to restore more anatomic gle-
noid morphology to prevent recurrent instability. Park 
et al[50] reported that following successful fixation of  the 
glenoid fracture in its anatomic position, fragments unite 
and survive without resorption at one year. When the 
bone loss is greater than 25% of  the glenoid surface with 
a missing fragment, transfer of  the coracoid process to 
the anterior glenoid rim as a structural block is the best 
approach. Bristow, Latarjet, or Trillat procedures are ef-
fective, most widely known and used techniques of  cora-
coid transfer into the glenoid lesion. Latarjet procedure, 
which was first described in 1954, is the transfer of  the 
coracoid process through the subscapularis tendon to 
provide an osseous block during joint motion. Bristow 
procedure is the technique in which the terminal 1 cm 

November 16, 2014|Volume 2|Issue 11|WJCC|www.wjgnet.com 679

Figure 5  Degenerative arthritis secondary to chronic instability. Figure 6  Rotator-cuff tear in a patient with recurrent anterior instability.
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of  the coracoid is transferred together with the conjoint 
tendon onto the neck of  the scapula through a horizon-
tal slit in the subscapularis muscle. In Trillat procedure, 
the coracoid is osteotomized following an arthrotomy, 
then it is displaced and fixed with a coracoscapular screw. 
Burkhart et al[51] reported that no recurrent instability 
was detected at a mean follow-up of  4.9 years following 
coracoid transfer performed in forty-seven patients. The 
Latarjet procedure, also as a revision to manage recur-
rence of  anterior shoulder instability after previous oper-
ative repair associated with defects of  the anterior glenoid 
rim and an intact subscapularis muscle, was reported as 
satisfactorily restoring glenohumeral stability[52]. Warner 
et al[53] and Scheibel et al[54] evaluated recurrence of  the an-
terior instability following anterior glenoid augmentation 
by using iliac crest bone autograft and they reported no 
evidence of  recurrent instability in their series.

Burkhart et al[24] used the term “engaging Hill-Sachs 
lesion” to describe a compression fracture on the pos-
terosuperior aspect of  the humeral head which drops 
over the glenoid rim in external rotation of  an abducted 
shoulder and is associated with recurrent instability. Te-
nodesis of  the infraspinatus into the lesion which is also 
called “remplissage” and bone grafting of  the defect are 
the surgical interventions described to address the osse-
ous defect on the humeral head. Boileau et al[55] reported 
that arthroscopic Hill-Sachs remplissage procedure in 
combination with Bankart repair in the treatment of  
patients with a large bony defect on the humeral head 
was an effective method. The authors also concluded 
that 98% of  the patients had a stable shoulder joint at 
the latest follow-up with approximately 10 degrees of  
restriction in external rotation which did not significantly 
affect return to sports activity. An in-vitro study evaluat-
ing biomechanical effects of  remplissage showed that 

in specimens with a 30% Hill-Sachs lesion it prevented 
engagement of  the lesion[56]. Bone grafting can also be 
applied as another treatment option for defects of  the 
humeral head. Osteoarticular plugs and osteoarticular 
humeral head allograft are the options for large diameter 
lesions[36,57]. Collapse or resorption of  the graft should be 
kept in mind as an important risk factor which may lead 
to failure in such cases.

There are various techniques addressing different pa-
thologies of  both the soft tissues and bones which gener-
ally unite to form a complex disease process. Therefore, 
when dealing with the clinical management of  recurrent 
anterior instability of  the shoulder joint, one should al-
ways carefully analyze the patient-specific pathologies and 
consider treatment options according to the needs of  ev-
ery particular case. In this regard, a guideline is generally 
needed. Figure 7 demonstrates the algorithm that we use 
in the management of  patients with recurrent anterior 
instability of  the shoulder joint. 

CONCLUSION
Anterior shoulder instability is among the most com-
monly seen disorders in traumatology, which typically 
affects the younger age population with high rates of  re-
currence. Recurrent anterior instability of  the shoulder is 
a complex disease which may include both soft tissue and 
osseous pathologies. Primary clinical approach should be 
the combination of  a careful medical history, a detailed 
physical examination, and appropriate imaging studies to 
recognize changes leading to recurrence. Although vari-
ous surgical techniques have been described, a consensus 
does not exist and thus, surgeons should select the most 
effective procedure to restore joint stability in a patient-
specific manner. 
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Figure 7  Treatment algorithm that we follow in our clinical prac-
tice. 
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Abstract
The edentulous posterior maxilla is considered a clini-
cal challenge during dental implant treatment for many 
dental practitioners. This is because its insufficient bone 
quality, deficient alveolar ridge, spiny ridges, undercuts, 
and sinus pneumatization are often encountered after 
tooth loss. To overcome these problems, several ap-
proaches have been developed and are currently used, 
including sinus augmentation and bone augmentation. 
Today, two main procedures of sinus floor elevation for 
dental implant placement are in use: a two-stage tech-
nique using the lateral window approach, and a one-
stage technique using a lateral or a crestal approach. 
In this study, we deal with the anatomic relations of 

the structures of the maxillary sinus during sinus aug-
mentation. These anatomical findings can help in com-
plications and potential injuries of the maxillary sinus 
procedures. It can be suggested that pre-operative 
evaluation is helpful for diagnosis and treatment plan-
ning and minimizing complication during the surgery. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anatomy; Intraoperative complications; Si-
nus floor augmentation

Core tip: The edentulous posterior maxilla is considered 
a clinical challenge during dental implant treatment. Si-
nus augmentation and bone augmentation are used to 
overcome these problems. Maxillary sinus septa have 
been related to increased risk of perforation of the 
membrane during sinus augmentation. The lateral win-
dow design may be modified by the making of two win-
dows or one w-shape window if the septum is lower. 
The branches of the maxillary artery should be taken 
into consideration to avoid bleeding complications. It 
can be suggested that pre-operative evaluation is help-
ful for diagnosis and treatment planning and minimizing 
complication during the surgery.

Lee JE, Jin SH, Ko Y, Park JB. Evaluation of anatomical consid-
erations in the posterior maxillae for sinus augmentation. World 
J Clin Cases 2014; 2(11): 683-688  Available from: URL: http://
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dx.doi.org/10.12998/wjcc.v2.i11.683

INTRODUCTION
For many dental practitioners, the edentulous posterior 
maxilla is considered a clinical challenge during dental 
implant treatment[1]. This is because its insufficient bone 
quality, deficient alveolar ridge, spiny ridges, undercuts, 
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and sinus pneumatization are often encountered after 
tooth loss. Several approaches have been developed and 
are currently used to overcome these problems, two of  
them being sinus augmentation and bone augmenta-
tion[2,3]. Elevation of  the maxillary sinus floor was first 
published by Boyne et al[4] in 1980. After these reports, 
several techniques were reported for successful sinus 
floor elevation, including crestal and transalveolar ap-
proaches[5,6]. A crestal approach uses the osteotome tech-
nique introduced by Summers in 1994[5]. Today, dental 
practitioners use two main procedures of  sinus floor 
elevation for dental implant placement: a two-stage tech-
nique using the lateral window approach, and a one-stage 
technique using a lateral or a crestal approach (Figure 1)[7]. 

In this report, we have reviewed anatomical consid-
eration in the posterior maxillae for sinus augmentation, 
to ensure predictable sinus graft surgery and help decide 
surgical technique with minimum complication. Pre-
operative evaluation seems necessary for implant surgery 
to succeed without complication. 

ANATOMY OF MAXILLARY SINUS
Before performing sinus augmentation surgery, it is cru-
cial to understand the anatomy of  maxillary sinus. The 
function of  the maxillary sinus is not yet well known. 
Theories on its physiologic function include: (1) weight 
reduction to maintain equipoise of  the head; (2) protec-
tion of  intracranial structures; (3) thermal insulation of  
vital parts; (4) humidification and warming of  inhaled air; 

(5) secretion of  mucus to moisten the nasal cavity; (6) se-
cretion of  mucus to moisten the nasal cavity; (7) increas-
ing the area for olfaction; and (8) imparting resonance to 
the voice[8].

The maxillary sinus is the largest and most constant 
of  the paranasal sinuses. After birth, it undergoes two 
periods of  rapid growth, first between birth and 3 years 
since, and then between ages 7 and 18 years[9]. The maxil-
lary sinus has a pyramidal shape, with an anterior wall 
corresponding to the facial surface of  the maxilla. Its 
posterior bony wall separates it from the pterygomaxil-
lary fossa medially and from the infratemporal fossa lat-
erally. Its medial wall is the lateral nasal wall and separates 
the sinus from the nasal cavity and communicates with 
the nasal cavity via the ostium semilunaris to the hiatus 
semilunaris (middle meatus)[10]. The ostium of  the maxil-
lary sinus is high up on the medial wall and on average is 
2.4 mm in diameter[10]. 

The Maxillary sinus floor consists of  the alveolar 
process of  the maxilla. The sinus floor is usually convex, 
with its lowest point around the first and second upper 
molars[11]. As aging occurs, the sinus floor tends to resorb 
and form dehiscences around the roots[12]. The root ends 
may jut into the cavity, covered only by the Schneiderian 
membrane and a small bone cortex flap[13].

SINUS PNEUMATIZATION AND 
RESIDUAL BONE RESORPTION
Maxillary sinus pnematization is a physiologic process 
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Figure 1  Buccal and clinical view. A: Buccal view after elevation of sinus membrane; B: Buccal view after installation of dental implants; C: Clinical view after ap-
plication of graft material.
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that occurs in all paranasal sinuses during the growth 
period, causing them to increase in volume[14]. The rea-
sons for sinus pneumatization are poorly understood, 
but factors that cause this process include heredity, the 
pneumatization drive of  the nose’s mucous membrane, 
craniofacial configuration, density of  the bone, growth 
hormones, sinus air pressure, sinus surgery, and posterior 
tooth extraction[15]. According to a radiographic study, 
pneumatization was more significant after extraction 
of  teeth enveloped by a superiorly curving sinus floor, 
extraction of  several adjacent posterior teeth, and extrac-
tion of  second molars as opposed to first molars[15].

Residual ridge resorption following tooth extraction 
is unavoidable process in posterior maxillary area. Ex-
tensive ridge resorption is one of  the many problems for 
implant-prosthetic treatment in the posterior maxillae. 
Although resorption rate is subject to individual variabil-
ity and almost resorption occurs in 6 mo after extraction, 
the alveolar ridge resorption persists for subsequent years 
to decades[16,17].    

Available alveolar bone may be compromised in the in 
the posterior maxillae may be compromised because of  
sinus pneumatization and/or residual ridge resorption af-
ter tooth loss. The average height of  the available bone in 
the edentulous maxilla was classified into three classes[14]. 
Class 1 had a residual bone height of  10 mm, usually 
found in edentulism of  no more than 5 years’ standing. 
Class 2 had a residual bone height of  5-10 mm, usually 
found in edentulism of  5-10 years. Class 3 indicated a 
bone height of  0-5 mm, usually found in edentulism of  
more than 10 years. A previous report has recommended 
that sinus augmentation be performed in classes 2 and 3. 
If  the implant with 10 mm length is planned, sinus aug-
mentation should be considered in Classes 2 and 3.

SEPTA OF THE MAXILLARY SINUS
Maxillary sinus septa are barriers of  cortical bone that 
divide the maxillary sinus into multiple compartments, 
known as recesses. Diagnosis of  septa presence by com-
puted tomography is important for planning maxillary 
sinus elevation surgery and later separating the sinus 

membrane from the septa (Figures 2 and 3)[18]. Septa have 
become increasingly important in maxillary sinus anatomy 
as surgical technique has developed. The cause of  antral 
septa has been described previously[19]. Congenital septa 
are thought to have evolved during the growth of  the 
middle part of  the face, and the other, secondary septa 
are reported to be arisen from irregular pneumatization 
of  the sinus floor after tooth extraction. Other reports 
classify septa as primary septa if  they are located above 
the maxillary tooth and as other septa if  they are located 
above an edentulous ridge, since septa may be either pri-
mary or secondary, or a combination of  both types[20,21]. 

A previous report has showed that septa are signifi-
cantly higher in the atrophic sinus than in the dentate 
maxillae, and septa are more commonly located in the 
molar regions than in the premolar and retromolar ar-
eas[22]. Prevalence of  sinus septa is between 20% and 
35%[19,23], and the mean height of  septa is 7.5 mm[22]. 
Diagnosis using two-dimensional panoramic radiographs 
yields incorrect results in 29% of  cases, and it has been 
suggested that three-dimensional computed tomography 
may be used to avoid complications during sinus aug-
mentation[22]. 

The septum has been related to increased risk of  
perforation of  the membrane during sinus augmenta-
tion[24,25]. The lateral window design may be modified by 
the making of  two windows or one w-shape window if  
the septum is lower (Figure 4). Septa may be cut with 
a chisel and be removed so that the graft can be placed 
without interruption[20].

VASCULAR SYSTEM OF THE 
MAXILLARY SINUS
The blood supply of  the maxillary sinus is derived from 
three arteries: the infra-orbital artery, the posterior lateral 
nasal artery, and the posterior superior alveolar artery[26,27]. 
Among these arteries, the posterior superior alveolar 
artery and the infra-orbital artery supply the buccal part 
of  the maxillary sinus, and they also supply local oral 
mucosa as well as the mucous membrane in a double 
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Figure 2  Panoramic view from cone beam computed tomography show-
ing septum.

Figure 3  Axial view from cone beam computed tomography with septum 
on left maxillary sinus.
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arterial circle[28]. The posterior superior alveolar artery 
enters the pterygopalatine fossa, and divides into one 
extraosseous and one intraosseous branch, which enter 
the maxillary tuberosity[29]. To prevent damage to the ex-
traosseous anastomosis, it is crucial to analyze its height 
from the cortical bone, its diameter, and the course of  
the artery. The anastamosis forms a concave arch at 
the first molar, and that is the lowest point of  the bony 
canal’s arch course, and the mean distance between the 
bone crest and the canal is 19 mm[26,30]. An intraosseous 
vascular canal at the lateral antral wall has been found in 
over 50% of  cases[28]. To avoid bleeding complications, 
the branches of  the maxillary artery should be taken into 
consideration.

SCHNEIDERIAN MEMBRANE
The Schneiderian membrane lines the inner walls of  the 
sinus, which is represented by ciliated columnar cells, 
goblet cells, and basal cells resting on the basement mem-
brane[10]. The membrane’s thickness varies but is generally 
0.3-0.8 mm in unfixed, fresh cadavers without sinusitis[31]. 
A study with cone beam computed tomography has 
showed that individuals vary greatly in the thickness of  
their Schneiderian membranes, from 0.16 to 34.61 mm, 
and the highest mean values have been found in the mid-
sagittal aspect[32]. Other local or systemic factors that in-
fluence the thickness of  the Schneiderian membrane are 
described in previous reports. Gingival thickness and sex 
are reported to be related to the Schneiderian membrane’s 
thickness: the membrane is thicker in patients with thick 
gingival biotype and thinner in female subjects[32-34]. High-
er Schneiderian membrane thickness has been noted next 
to restored teeth and periodontal and endodontic lesions. 
Especially in molar regions with periodontal destruction, 
the Schneiderian membrane has thickened, particularly 
when there are small bone layers above the root tips or 
periapical lesions. In addition, inflammation or allergic 
phenomena, as well as smoking, are correlated with in-
creased mucosal thickness[35]. 

It has been shown that the Schneiderian membrane 
swells significantly, by 6.7 mm, after sinus augmenta-

tion, and that this swelling disappears three weeks 
later[36]. In one report, patients’ computed tomographic 
scans have been compared before bone grafting and 4 
to 6 mo after bone grafting[37]. Sinus membrane thick-
ness differs significantly before (0.8-1.2 mm) and after 
(1.5-1.3 mm) augmentation surgery, with a mean increase 
of  0.8-1.6 mm (maximum: 4.4 mm), and only 28% of  
augmented sinuses do not show membrane thickening. 
Other reports, however, show no significant change in 
the membrane thickness between computed tomographic 
scans taken before operation and an average of  8.9 mo 
after operation[38]. This discrepancy may be explained 
by the study design: the latter study excluded bilateral 
sinus augmentations and had higher membrane thickness 
before operation, with a higher history of  periodontitis 
(75.7 %).

Which types of  mucosal thickening require therapy 
is still unknown, but historically 2 mm is considered a 
reliable threshold for pathological mucosal swelling[39]. 
Since the most frequent surgical complication occurring 
during sinus augmentation is perforation of  the Sch-
neiderian membrane (10%-56%)[40], it is crucial to check 
the Scheniderian membrane status by cone beam com-
puted tomography or with an endoscope, and to elimi-
nate sinusitis and other potential pathological conditions 
before any surgery. A previous study shows that 38.2% 
of  presumably reversible ear, nose, and throat contrain-
dications have been detected and resolved before sinus 
augmentation, and the same study suggests that a careful 
multitasking preoperative management, including an ear, 
nose, and throat assessment with fiberoptic endoscopy 
and a radiological evaluation extended to the ostiomeatal 
complex, may be very useful in candidates for sinus aug-
mentation[41].

CONCLUSION
In this report, we have dealt with the anatomic relations 
of  the structures of  the maxillary sinus during sinus 
augmentation. These anatomical findings can help with 
complications and potential injuries in procedures involv-
ing the maxillary sinus. It can be suggested that preop-
erative evaluation is helpful for diagnosis and treatment 
planning, as well as for minimizing complications during 
surgery. 
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Abstract
Endoscopic retrograde cholangiopancreatography (ERCP) 
has become the mainstay of treatment in hepato-pancre-
ato-biliary disease. However, ERCP requires a high level 
of technical skills and experience in therapeutic endos-
copy, there is always a risk of complications. Especially, 
the perforation per se affects the patient adversely, and 
the clinical course may lead to a poor prognosis, even 
with appropriate management. The treatments for ERCP-
related perforation are diverse, depending on the location 
and mechanism of the bowel perforation and the time 
of diagnosis. Thus, we reviewed the appropriate surgical 
and non-surgical management options for therapeutic 
ERCP-related perforations, especially, evaluating metallic 
stenting as a treatment modality in perivaterian perfora-
tion.
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Core tip: Although the evidence supporting the use of 
fully covered self-expandable metallic stent in periva-
terian perforations is still insufficient, the clinical out-
comes were encouraging.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) 
has become the mainstay of  treatment in hepato-pancre-
ato-biliary disease since its introduction in 1968[1]. In the 
past, ERCP had been used as a diagnostic tool in choledo-
cholithiasis presenting with jaundice, dilated common 
bile duct, acute pancreatitis, and cholangitis, but recently 
ERCP combined with sphincterotomy and stone removal 
has become a valuable therapeutic procedure[2]. 

Because ERCP requires a high level of  technical skills 
and experience in therapeutic endoscopy, there is always a 
risk of  complications, such as bleeding, perforation, pan-
creatitis, and cholangitis. Indeed, complication rates range 
from 5.4% to 11.2%[3-11], among which the rate of  perfo-
ration, a potentially fatal complication, is 0.3%-1.0%[3,12,13], 
and the rate of  mortality in perforated patients is high 
(8%-23%)[3,12-14]. Moreover, perforation per se affects the 
patient adversely, and the clinical course may lead to a 
poor prognosis, even with appropriate management. De-
layed diagnosis and management can further affect clini-
cal outcomes adversely[15,16]. 

The treatments for ERCP-related perforation are di-
verse, depending on the location and mechanism of  the 



bowel perforation and the time of  diagnosis[17,18]. Previ-
ously, most ERCP-related perforations, regardless of  the 
above factors, were managed using surgery, and the mor-
tality rate with such surgery was generally high. However, 
after the introduction of  treatment strategies according to 
the type of  perforation, nonsurgical management, such as 
radiologic interventions using percutaneous transhepatic 
biliary drainage (PTBD) and endoscopic management us-
ing endoscopic nasobiliary drainage (ENBD), endoscopic 
retrograde biliary drainage (ERBD), endoclips, and fibrin 
glue, have been developed. Consequently, treatment out-
comes have improved greatly over time[12,15-24]. 

Now, nonsurgical techniques are being used in suit-
able select patients more than often than surgery. Among 
the various nonsurgical options, several recent studies 
have reported that fully covered self-expandable metallic 
stents (SEMSs) could be used in ERCP-related perfora-
tion, especially in periampullary perforations[25-28]. Thus, 
we reviewed the appropriate surgical and non-surgical 
management options for therapeutic ERCP-related per-
forations, especially, evaluating metallic stenting as a treat-
ment modality in perivaterian perforation.

CLASSIFICATION OF ERCP-RELATED 
PERFORATION
The treatment modality in ERCP-related perforations 
is associated with the type of  the perforation (Table 
1). Stapfer et al[18] classified perforations into four types 
according to anatomical location and severity. Type Ⅰ 
duodenal injuries are perforations of  the lateral or medial 
wall, caused by the endoscope itself. Type Ⅱ duodenal in-
juries are perforations of  the medial wall. These are peri-
vaterian or periampullary perforations, and most occur 
during endoscopic sphincterotomies. Type Ⅲ duodenal 
injuries are perforations of  the distal bile duct, typically 
due to wire or basket instrumentation. Type Ⅳ duodenal 
injuries are diminutive retroperitoneal perforations due to 
excessive use of  compressed air to retain a patent bowel 
lumen.

Similar to Stapfer’s classification, Howard et al[17] report-
ed three types of  ERCP-related perforations in accordance 
with the mechanism of  injury. Group Ⅰ perforations are 
guidewire perforations of  the duct, group Ⅱ perforations 

are periampullary perforations, and group Ⅲ perforations 
are duodenal perforations remote from the ampulla.

Regarding incidence by type of  perforation, gener-
ally, periampullary perforations caused by endoscopic 
sphincterotomies are most common, 15%-55%[12,17-19]. 
Polydorou et al[23] reported incidences using a modified 
classification of  ERCP-related perforation. Type Ⅰ, and 
type Ⅱ injuries are identical with Stapfer’s type Ⅰ and Ⅱ 
injuries, but type Ⅲ injuries are ductal or duodenal perfo-
rations caused by endoscopic instruments, but not guide-
wires, and type Ⅳ injuries are guidewire perforations with 
the presence of  retroperitoneal air on X-ray examination. 
They showed incidences of  68% for type Ⅱ, 16% for 
type Ⅰ, 11% for type Ⅲ, and 4% for type Ⅳ perfora-
tions. Another study showed that guidewire-related per-
forations were most common (32%)[19]. Moreover, 15% 
were sphincterotomy-related perforations, 11% occurred 
during passage of  the endoscope, and 9% occurred due 
to stent migration. Morgan et al[22] reported that 12 of  
24 cases of  ERCP-related perforations were related to 
sphincterotomy, and the other 12 cases were perfora-
tions remote from the papilla. Although the incidence 
of  ERCP-related perforations varied slightly among the 
previous studies, sphincterotomy-related perforations 
tend to be most common, followed by guidewire-related 
perforations and free wall perforations.

RISK FACTORS FOR ERCP-RELATED 
PERFORATIONS
Several studies have reported risk factors for ERCP-
related perforations. Overall risk factors, regardless of  
the type of  ERCP-related perforation, include old age 
and a longer ERCP procedure time. Enns et al[12] demon-
strated that patients older than 65 years had a greater risk 
of  ERCP-related perforation. Longer procedure times 
are often accompanied by repeated cannulation or more 
invasive methods to achieve “good” results. Thus, there 
tends to also be a greater risk of  perforation. Addition-
ally, ERCP-related perforation may be increased when 
performed by a trainee endoscopist. However, experts in 
the therapeutic ERCP field operate frequently and espe-
cially with severe and difficult cases; thus, there is always 
a risk of  perforation during the procedure regardless of  
the surgeon’s experience.

Risk factors for Stapfer’s type Ⅰ perforation are ab-
normal anatomical structures, such as gastrojejunostomy, 
pancreaticoduodenectomy, duodenal diverticulum or 
stricture, and situs inversus[22,29-31]. With anatomical fea-
tures that differ from those of  normal situations, it may 
be difficult to penetrate the bowel lumen using a side-
viewing endoscope, increasing the risk of  perforation by 
the endoscope itself.

Risk factors for Stapfer’s type Ⅱ, Ⅲ, and Ⅳ perfora-
tions are similar and overlapping. They include sphincter 
of  Oddi dysfunction, precut sphincterotomy, and a di-
lated common bile duct on abdominal imaging[12]. Precut 
sphincterotomy has been reported as a known risk factor 
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Table 1  Classification of endoscopic retrograde cholangiop-
ancreatography-related perforations

Ref. Type

Stapfer et al[18] Type Ⅰ, duodenal perforation of medial or lateral 
wall
Type Ⅱ, perivaterian perforation
Type Ⅲ, perforation of distal bile duct
Type Ⅳ, retroperitoneal air alone

Howard et al[17] Group Ⅰ, guidewire perforation
Group Ⅱ, periampullary retroperitoneal perforation
Group Ⅲ, duodenal perforation remote from the 
ampulla



for pancreatitis[6,7,32]. However, several studies have dem-
onstrated that precut sphincterotomy also increases the 
risk of  perforation compared with a conventional sphinc-
terotomy. In fact, the risk of  perforation increases if  the 
incision for the sphincterotomy is outside of  the usually 
recommended sector (11 to 1 o’clock position)[6,33-35]. A 
previous report demonstrated that 7 of  13 sphincterot-
omy-related perforations were associated with precut-
ting[12]. Since a dilated common bile duct is associated 
with distal common bile duct stricture, the risk of  perfo-
ration may be related to the deep manipulation needed 
to achieve a deep cannulation. Additionally, an ampullec-
tomy can increase the risk of  perforations. Alfieri et al[15] 
reported that ampullectomy had been performed in 7 of  
30 (23%) cases of  ERCP-related perforations.

CLINICAL MANIFESTATIONS AND 
DIAGNOSIS
Patients with ERCP-related perforations may complain 
mainly of  epigastric pain and tenderness, but obviously 
these complaints are very nonspecific. Other symptoms 
and signs include fever, tachycardia, leukocytosis, and 
mildly elevated serum amylase levels. Several studies have 
reported rare complications after ERCP, such as pneumo-
mediastinum, pneumothorax, and gas in the portal sys-
tem[36-42], whereas patients with retroperitoneal air present 
on abdominal imaging, after an endoscopic sphincteroto-
my, can be asymptomatic clinically. Generally, the patients 
did not require intervention but only conservative man-
agement. Genzlinger et al[43] showed that asymptomatic 
patients with retroperitoneal air evident on a computed 
tomography (CT) scan did not require surgical inter-
vention. As the range is diverse, from asymptomatic to 
severe signs of  peritonitis, to suspect and recognize the 
possibility of  perforation early, during and after ERCP 
is most important. For early detection of  perforation, it 
is necessary to check the patient’s condition immediately 
after ERCP. If  the patient complains severe abdominal 
pain, abdominal X-ray and CT are good methods to 
identify ERCP-related perforation. If  retroperitoneal air 
is visible during the procedure, abdominal X-ray and CT 
are also useful.  

ERCP-related perforation can sometimes be diag-
nosed readily by imaging if  suspected. Typically, an ab-
dominal X-ray may show retroperitoneal air around the 
right kidney. Suspected perforation may not be confirmed 
by an abdominal X-ray, but a contrast CT scan or upper 
gastrointestinal oral contrast evaluation should be help-
ful. However, this could be delayed unless the physician 
suspects a perforation. Furthermore, if  the patient has 
elevated serum amylase levels and complaints of  epigas-
tric pain, it is difficult to distinguish between perforation 
and pancreatitis. Gottlieb et al[44] reported that post-ERCP 
pancreatitis can be excluded if  their values of  amylase 
and lipase 2 h after ERCP are below 276 U/L and 1000 
U/L, respectively. Another study demonstrated that post-
ERCP pancreatitis cases showed serum amylase levels 

greater than five-fold the normal level[45]. Thus, labora-
tory findings, especially serum amylase and lipase levels, 
may be important clues for differentiating perforation 
from pancreatitis.

Although a physical examination is frequently useful 
in suspected patients, not all perforated patients show 
signs of  acute peritonitis[43]. Bell et al[46] demonstrated 
positive physical findings in 75% of  the included patients, 
but no specific finding of  perforations. Thus, it is im-
portant to consider not only a physical examination and 
laboratory findings but also abdominal imaging, such as 
abdominal X-ray and abdominal CT scans, for an accu-
rate diagnosis.

TREATMENT OF ERCP-RELATED 
PERFORATION
Traditionally, ERCP-related perforation has been man-
aged surgically. The objectives of  such surgical manage-
ment include control of  infection and inflammation 
(drainage of  the retroperitoneal/intraperitoneal fluid 
and air and drainage of  the biliary system) and closure 
of  the perforation, with or without bypass[2]. However, 
the recent trend has been towards a selective approach 
according to the type of  perforation and, more recently, 
according to the overall status of  the patient, considering 
issues such as age, vital signs, peritoneal signs, comorbidi-
ties, and CT images.

Duodenal free wall perforations (Stapfer type Ⅰ or 
Howard Group Ⅲ) tend to be larger and located remote-
ly from the ampulla and to cause substantial collections in 
the peritoneal or retroperitoneal space. Thus, these perfo-
rations should be subjected to prompt surgical interven-
tion. One study reported three of  four cases of  type I 
perforation that underwent surgery immediately[12]. One 
case had abnormal anatomy, a gastrojejunostomy, and 
the others cases had duodenal diverticulum and stricture. 
All three patients were suspected and diagnosed imme-
diately; there was no mortality. The one patient without 
surgical management had severe comorbidities, thus re-
ceiving only conservative management but died 2 d later. 
Polydorou et al[23] reported that 83% (6/7) of  Stapfer’
s type Ⅰ perforation cases underwent surgery. Three pa-
tients with type Ⅰ perforation showed abnormal anatomy 
due to Billroth Ⅱ gastrectomies. Among the patients 
who underwent surgery, two died as a result of  respira-
tory insufficiency and aspiration pneumonia. One patient 
with a type Ⅰ perforation, caused by rupture of  the diver-
ticulum, was managed conservatively. The patient had no 
fever or signs of  peritonitis but only complained of  mild 
abdominal pain.

In the studies mentioned above, in general most 
of  the type Ⅰ perforations were treated using surgery 
due to the large size of  the perforation. Recently, some 
studies have introduced endoscopic management using 
simple metallic endoclips or an endoloop with multiple 
endoclips and fibrin glue for free wall duodenal perfora-
tions[28,34,47-50]. In addition, an over-the-scope-clip, used 
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primarily in gastrointestinal bleeding or perforation, could 
be considered for use in post-ERCP perforations[51,52]. 

Distal bile duct injuries (Stapfer type Ⅲ or How-
ard Group Ⅰ), caused by penetration of  the guidewire 
through the bile duct during cannulation in a narrow or 
obstructed duct, tend to be smaller than duodenal free 
wall perforations. Commonly, these perforations tend 
to become obstructed spontaneously, and these pa-
tients can be ‘cured’ by conservative management with 
intravenous antibiotics, hydration, pain control, or nil-
by-mouth[12,17,18,53]. However, since some patients have 
ongoing bile leakage, endoscopic management to prevent 
bile leakage to the retroperitoneum may be necessary. To 
prevent such leakage, ENBD or ERBD together with 
insertion of  a plastic or metallic stent can be used. If  
endoscopic management is not possible, PTBD can be 
performed. 

Diminutive duodenal perforation (Stapfer type Ⅳ) 
is not a true perforation; generally, it can be treated suf-
ficiently with conservative management alone. In fact, 
Genzlinger et al[43] reported that retroperitoneal air alone, 
with no abnormal clinical signs or symptoms, does not 
require surgical intervention. However, regardless of  the 
type of  perforation, patients with retained stones or unal-
leviated biliary obstruction should undergo surgery[18]. 

Perivaterian perforations (Stapfer type Ⅱ or Howard 
group Ⅱ) occurring after endoscopic sphincterotomy 
are controversial issues in the treatment field presently 
because of  variation in clinical outcomes[14,18,34,41,53-57]. 
Surgical intervention is not an issue but is an abstruse 
problem, because it seems that conservative management 
alone, including biliary drainage, may aggravate or fail to 
cure the perforation. Several studies have demonstrated 
that conservative management with or without biliary 
drainage was successful in peri-ampullary perforation pa-

tients[18,53-55]. 
Wu et al[16] reported that 55% (6/11) of  patients with 

type II perforations were treated with conservative man-
agement with or without biliary drainage. In all patients, 
clinical signs and symptoms improved rapidly. However, 
80% (4/5) of  the patients who underwent surgery died, 
due to delayed diagnosis and operation as well as sepsis. 
The surgical indications for those patients were large 
retroperitoneal fluid collections, liver abscess on abdomi-
nal CT scan, and severe abdominal pain. Enns et al[12] 
demonstrated that 46% (6/13) of  patients with type II 
perforations were treated using conservative management 
with or without nasogastric suction. In 38% (5/13) of  
the patients, biliary drainage (stent insertion with three, 
PTBD with two) was performed. The mortality rate was 
zero in patients managed conservatively and with biliary 
drainage. Alfieri et al[15] showed that 40% (6/15) of  pa-
tients with type Ⅱ perforations were treated successfully 
by conservative management with biliary drainage (PTBD 
or nasobiliary drainage).

The rates of  nonsurgical management vs surgical in-
tervention in peri-ampullary perforation vary widely (Ta-
ble 2)[12,15-18,22,23,58,59]. Thus, the appropriate choice of  treat-
ment modality for peri-ampullary perforation remains an 
important issue. Most surgical indications in peri-ampul-
lary perforations include hemodynamic instability, signs 
of  peritonitis, continuing leakage, septic conditions, and a 
perforation of  large size. One author also suggested that 
patients with a large amount of  fluid collection in the 
peritoneum or retroperitoneum on abdominal CT should 
be treated aggressively[12], because the possibility of  con-
tinuing leakage is high. If  there is no surgical indication, 
the essential aspects of  nonsurgical management consist 
of  diversion of  duodenal, biliary, and pancreatic drain-
age[21]. A nasogastric or nasoduodenal tube for duodenal 
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Table 2  Treatment of periampullary perforations (Stapfer’s type II perforations)

Ref. Patients (n ) Patients according to 
treatment method, n  (%)

Treatment method Mortality n  (%)

Alfieri et al[15] 15 6 (40.0) Conservative management + ENBD ± PTBD 0 (0.0)
9 (60.0) Surgery 1 (11.1)

Wu et al[16] 11 6 (54.5) Conservative management 0 (0.0)
5 (45.5) Surgery 4 (80.0)

Kim et al[58]   5 2 (40.0) Conservative management 0 (0.0)
3 (60.0) Surgery 0 (0.0)

Enns et al[12] 13 11 (84.6) Conservative management ± biliary drainage (PTBD, ERBD) 0 (0.0)
2 (13.4) Surgery 0 (0.0)

Polydorou et al[23] 30 24 (80.0) Conservative management ± biliary drainage (PTBD, ERBD) 0 (0.0)
6 (20.0) Surgery 0 (0.0)

Stapfer et al[18]   6 3 (50.0) Conservative management 0 (0.0)
3 (50.0) Surgery 0 (0.0)

Howard et al[17] 22 18 (81.8) Conservative management ± biliary drainage (ENBD, ERBD) 0 (0.0)
4 (18.2) Surgery 1 (25)

Morgan et al[22] 12 12 (100.0) Conservative management 0 (0.0)
0 (0.0) Surgery 0 (0.0)

Kim et al[59]   9 8 (88.8) Conservative management ± ENBD 0 (0.0)
1 (11.2) Surgery 0 (0.0)

Conservative management: intravenous antibiotics, fluids, pain control, nil-by-mouth, close monitoring, and nasogastric drainage. ENBD: Endoscopic naso-
biliary drainage; PTBD: Percutaneous transhepatic biliary drainage; ERBD: Endoscopic retrograde biliary drainage.
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decompression can be used. ENBD or ERBD can be 
used in internal biliary drainage to prevent leakage of  bile 
juice into the perforation site. For external biliary drain-
age, PTBD is used as well.

However, some conditions, such as severe common 
bile duct dilatation or a large perforation hole, may re-
duce the diversion of  biliary drainage using ENBD or 
ERBD[27]. Thus, several studies have reported that fully 
covered self-expandable metallic stents (SEMS) can be 
useful in biliary stenting for perivaterian perforations[25-28]. 

Initially, most periampullary perforation patients 
receive conservative management with or without bili-
ary drainage, according to most previous studies. If  
conservative management failed and a delayed operation 
was then performed, the subsequent clinical course was 
found to be poor in some studies[15,16]. Thus, there is a 
need to treat using active conservative management. Tak-
ing advantage of  biliary drainage by ENBD, ERBD, use 
of  plastic or metallic stents, PTBD, duodenal drainage via 
a nasogastric or nasoduodenal tube, pancreatic drainage, 
and inflammation control are essential. “Conservative 
management” indicating only intravenous antibiotics, 
hydration, pain control, and nil-by-mouth is inadequate. 
Indeed, it is important to combine methods to prevent 
bile leakage into the perforation site.

ARE FULLY COVERED SEMS IN ERCP-
RELATED PERFORATIONS VALUABLE?
As mentioned above, it is important to divert biliary 
drainage to prevent leakage of  bile juice into the perito-
neum in a peri-ampullary perforation. For such diversion, 
fully covered SEMS occlude the perforation site by radial 
force, and the perforation site can heal quickly. That is, re-
covery of  the epithelium in the injury site, stent-associat-
ed reepithelialization, is achieved. A similar procedure has 
been performed previously in esophageal perforations. 
Siersema et al[60,61] reported that a fully covered SEMS was 
useful in nonmalignant and traumatic esophageal perfora-
tions; however, in general fully covered SEMS have been 
used for malignant perforations or fistulas for palliative 
management. A fully covered SEMS enabled the sealing 
of  an esophageal perforation and prevented mediastinal 

infection.
Some case series have reported the use of  SEMS in 

ERCP-related perforations (Table 3)[25-28]. Vezakis et al[28] 
reported a case of  a persistent high-volume duodenal 
fistula, caused during an endoscopic sphincterotomy, that 
was treated successfully using a partially covered SEMS. 
Jeon et al[26] also reported the use of  a fully covered 
SEMS in a sphincterotomy-related duodenal perforation. 
Although this patient had retroperitoneal fluid collections 
and peritonitis, she was not considered a candidate for 
surgery. She was treated with multiple plastic stents for 
internal biliary drainage and with PTBD for external bili-
ary drainage due to her poor medical condition and old 
age (82 years). However, because of  persistent percutane-
ous catheter drainage (> 150 mL/d) and contrast leak-
age from a distal common bile duct on tubogram, a fully 
covered SEMS was inserted after removing the previous 
plastic stents. She then recovered completely, and the 
fully covered SEMS was removed 1 mo later.

Park et al[27] also considered duodenal perforation af-
ter endoscopic sphincterotomy, similar to the above two 
studies. Their case was a 61-year-old female complaining 
of  right upper quadrant pain. Biliary duct dilatation had 
been detected on an abdominal CT scan, and therefore 
ERCP with sphincterotomy was performed. The day 
after ERCP, she developed severe abdominal pain, fever, 
and leukocytosis according to laboratory findings. An ab-
dominal CT showed retroperitoneal air and fluid collec-
tion, and the diagnosis was peri-ampullary perforation. A 
fully covered SEMS (5-cm-long, 10 mm in diameter) was 
inserted immediately after identifying the perforation, 
and the patient recovered completely. The retroperitoneal 
fluid collection seen on the abdominal CT scan resolved. 
The stent was then removed 10 d after insertion.

In another previously unpublished case, a 46-year-
old male was referred to the hospital for right quadrant 
abdominal pain. He had previously undergone a Billroth 
I operation for gastric ulcer perforation. Because the 
patient developed abnormal liver functioning and gall-
bladder stones on abdominal CT scan, ERCP was per-
formed to identify the biliary duct stone. However, after 
endoscopic sphincterotomy, a peri-ampullary perforation 
was detected, and a fully covered SEMS was placed im-
mediately during the ERCP (Figures 1 and 2). After stent-
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Table 3  Temporary self-expandable metallic stent used for peri-ampullary perforations

Ref. Age/sex ERCP indication Abdominal CT scan Stent indication Type of stent/duration (d)

Vezakis et al[28] 61/F Stones or sphincter of 
Oddi dysfunction

Retroperitoneal air Duodenal fistula, 
Continuing leakage

Partially covered SEMS/14

Jeon et al[26] 82/F Stones Retroperitoneal air and fluid Continuing leakage Fully covered SEMS/28
Canena et al[25] 55/F Stones Retroperitoneal air and fluid Perforation Fully covered SEMS/21

29/F Stones Retroperitoneal air and fluid Perforation Fully covered SEMS/30
31/M Stones Retroperitoneal air and fluid Perforation Fully covered SEMS/30
76/F Stones Retroperitoneal air and fluid Perforation Fully covered SEMS/29

Park et al[27] 61/F Biliary tree dilatation Retroperitoneal air and fluid Perforation Fully covered SEMS/10
Unpublished 46/M Stones Retroperitoneal air Perforation Fully covered SEMS/ spontaneously fell out

CT: Computed tomography; SEMS: Self-expandable metallic stent; ERCP: Endoscopic retrograde cholangiopancreatography.
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ing, the patient was stable and was discharged without 
complications. Although he underwent endoscopy for 
removal of  the stent on day 28 after insertion, the stent 
had already fallen out spontaneously.

Because fully covered SEMS are available in large 
diameters, they can be used in a dilated common bile 
duct without stent migration. They are capable of  main-
taining long-term patency of  the lumen, in contrast to 
plastic stents. Also, in comparison with uncovered SEMS, 
fully covered SEMS have several benefits. Uncovered 
SEMS tend to embed readily in the duct, making it dif-
ficult to remove the stent[62-64]. Thus, it is inappropriate 
to use them for benign conditions, such as strictures, 
obstructions, and traumatic perforations. The fully cov-
ered SEMS overcomes these disadvantage, and can be 
removed readily[64-66]. 

However, the optimal duration of  stenting has not 
been established. Bakken et al[67] reported that the mean 
duration of  stent placement was 67 (range, 0-279) d for 
benign strictures and 59 (range, 1-601) d for leaks, fistulas, 
and perforations. Another study showed that the mean 
duration was 37 (range, 4-84) d for benign conditions[68]. 
While discrepancies exist among studies, the time until 
stent removal is approximately 2 mo for benign esopha-
geal conditions. Several studies have reported stenting 
durations in peri-ampullary perforations ranging from 10 
to 30 d[25-28]. Moreover, because the treatment outcome 
did not seem to depend on the duration of  stenting, and 
the stent was removed according to the status of  the pa-
tient, a stent should be removed when the patient shows 
improved perforation-related symptoms, signs, and imag-
ing results, such as simple abdominal X-rays and abdomi-

nal CT scans, even after 1 wk of  stenting.
Although several studies have demonstrated good 

outcomes using temporary fully covered SEMS in ERCP-
related perforations, clinically, the situation has not been 
clarified entirely. Because treatment failure after non-sur-
gical treatment, including the insertion of  plastic stents 
and fully covered SEMS, can cause high mortality and 
morbidity, close attention must be paid to the decision on 
treatment modality. A decision taking into consideration 
the surgery time, while performed non-surgical treat-
ment, is also important. Unrelieved abdominal pain, con-
tinued leakage on abdominal CT scans, or hemodynamic 
instability despite non-surgical management are consid-
erations relevant to surgical intervention. Thus, frequent 
physical examinations and serial follow-up using abdomi-
nal CT scans are helpful in checking for adverse events 
or treatment failure. However, a patient’s condition, such 
as cardiopulmonary comorbidity, hemodynamic instabil-
ity, and old age, is also highly relevant to postoperative 
mortality. If  a patient with peri-ampullary perforation has 
an inoperable condition due to high postoperative risks, a 
fully covered SEMS can be attempted for palliative treat-
ment[26]. First, it is better to use a fully covered SEMS, 
especially for a major leakage and large perforation, be-
cause ENBD and ERBD may not prevent bile flow into 
the perforation site completely. Although it is essential to 
select cases according to their condition, optimal conser-
vative management using a fully covered SEMS may be a 
good treatment option.

In conclusion, early diagnosis of  ERCP-related duo-
denal perforation is important, and according to the type 
of  perforation, its treatment varies from conservative 
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Figure 1  Insertion of fully covered self-expandable metal-
lic stent for the management of periampullary perforation 
immediately after endoscopic sphincterotomy. A: A peri-
ampullary perforation was seen after endoscopic sphincter-
otomy; B: A fully covered self-expandable metallic stent (5-cm-
long, 10 mm in diameter) inserted into the common bile duct 
to prevent bile entering the perforation site can be seen at the 
ampulla of vater.

A B

A B
Figure 2  Deployed fully covered self-expandable metallic 
stent on (A) abdominal X-ray and (B) abdominal computed 
tomography scan.

Lee SM et al . The management of peri-ampullary perforation



management to surgical intervention. Although conserva-
tive management is the mainstay for all types of  perfora-
tions, except type Ⅰ perforations, the most appropriate 
treatment modality should be established by performing 
a comprehensive evaluation of  the patient. In particular, 
a fully covered SEMS for perivaterian perforations was 
used in selected cases, and the clinical outcomes were 
encouraging. However, the evidence supporting the use 
of  fully covered SEMS in perivaterian perforations is still 
insufficient, and further studies are required.
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Abstract
AIM: To assess the outcomes of men treated for uroli-
thiasis at the time of radical prostatectomy.

METHODS: From 1991 to 2010, 22 patients were ret-
rospectively identified who were treated simultaneously 
(n  = 10) at radical prostatectomy, or (n  = 12) within 
120 d prior to prostatectomy, for urolithiasis. Clinical 
characteristics were reviewed including: type of pros-
tatectomy and stone surgery, location and amount of 
stone burden, perioperative change in hemoglobin and 
creatinine, stent frequency, total hospital d, stone-free 
rates, additional stone procedures and complications. 
Long-term functional outcomes including stress urinary 
incontinence and bladder neck contracture were re-
ported. Differences between cohorts (simultaneous vs  
staged treatment) were assessed. 

RESULTS: Among men undergoing radical prostatec-
tomy, primary stone procedures included 12 ureteros-
copy, 6 shock wave lithotripsy, 2 open nephrolithotomy 

and 2 percutaneous nephrolithotomy. In staged shock 
wave lithotripsy there were 4 complications and 3 addi-
tional procedures vs  1 (P  = 0.5) and 0 (P  = 0.2) in the 
simultaneous cohort. Meanwhile in staged ureteroscopy 
there were 5 complications and 1 additional procedure 
vs  1 (P  = 0.2) and 1 (P  = 0.9) in the simultaneous 
cohort. Additional procedures for residual stones was 
greater among patients with asymptomatic upper tract 
calculi 3 (60%) relative to patients with symptomatic 
stones 2 (13%; P  = 0.02). Likewise, patients with prox-
imal or multiple calculi had a greater total hospital days 
5.5 vs  4.1 (P  = 0.04), additional procedures 6 vs  0 (P  = 
0.04) and lower stone-free rates 39% vs 89% (P = 0.02) 
relative to men with distal stones. Finally, there was no 
difference in the incidence of bladder neck contracture 
(P  = 0.4) or stress urinary incontinence (P  = 0.7) be-
tween cohorts.

CONCLUSION: Ureteroscopic treatment of symptom-
atic distal urolithiasis at radical prostatectomy appears 
to be safe and efficacious with a low rate of adverse 
postoperative outcomes. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Urolithiasis; Kidney stone; Prostate cancer; 
Radical prostatectomy

Core tip: Prostate cancer and urolithiasis can present 
simultaneously. An acute stone event in the immedi-
ate perioperative radical prostatectomy period poses 
unique management issues. Herein, we describe our 
experience with the simultaneous treatment of uroli-
thiasis at the time of prostatectomy. We concluded that 
simultaneous ureteroscopy among symptomatic men 
with distal ureteral calculi appears to be safe and effi-
cacious. Whereas, in asymptomatic men, or those with 
proximal/multiple calculi, one should consider treat-
ment in a staged fashion secondary to an increased risk 
of additional procedures and lower stone-free rates. 
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INTRODUCTION
The incidence of  urolithiasis and associated healthcare 
costs continues to rise[1-5]. Specifically, the prevalence of  
stone disease in the male population ages 50 to 74 years 
old has increased from 13% from 1988-1994 to 19% in 
2007-2010[2], representing a roughly equivalent to 40% 
relative increase in stone disease[6]. A similar increase in 
the incidence of  prostate cancer has also been observed 
due to prostate-specific antigen (PSA) screening[7-11]. Cur-
rently, it is estimated that greater than 240000 patients 
are diagnosed with prostate cancer annually in the United 
States[8,9]. As such, a significant number of  male patients 
diagnosed with prostate cancer may harbor urolithiasis.

As part of  prostate cancer evaluation a subset of  
high-risk men undergo cross-sectional imaging to evalu-
ate for metastatic disease[12-15]. If  urinary stone disease is 
discovered, these patients pose a complex management 
dilemma given that 44% of  asymptomatic patients with 
urolithiasis will develop symptoms within 1.3 years[16-19]. 
An acute stone event within the immediate post radical 
prostatectomy period poses a unique concern; specifically, 
instrumentation of  the fresh vesicourethral anastomosis 
has the potential for anastomotic injury with resultant 
long-term urinary incontinence[20,21] and/or bladder neck 
contracture[22,23]. Historically, at our institution, such cases 
have been temporized with a nephrostomy tube and de-
layed definitive stone management until after the vesico-
urethral anastomosis matures (approximately 120 d). 

To date, the safety and feasibility of  synchronous treat-
ment of  urinary stone disease at radical prostatectomy is 
unknown. The goal of  this study is to assess outcomes of  
patients with upper tract stone disease treated at the time 
of  prostatectomy compared to those treated in the preop-
erative period.

MATERIALS AND METHODS
We retrospectively reviewed all male patients who un-
derwent radical prostatectomy from 1991 to 2010. A 
total of  22 patients were identified who underwent radi-
cal retropubic prostatectomy (RRP) or robotic-assisted 
radical prostatectomy (RARP) treated simultaneously, or 
within 120 d preoperatively, for urolithiasis. We evaluated 
clinical characteristics including type of  prostatectomy 
and stone surgery, location and amount of  stone burden, 
perioperative change in hemoglobin and creatinine, stent 
frequency, total hospital days, stone-free rates, additional 
stone procedures and postoperative complications in-
cluding: steinstrasse, intraoperative bleeding requiring 

transfusion, acute kidney injury[24], and urosepsis. The 
total length of  hospital stay included both stone and radi-
cal prostatectomy procedure. Urinary incontinence was 
defined as bothersome leakage with straining or need for 
pad. Bladder neck contracture was identified during post-
prostatectomy cystoscopy for obstructive voiding symp-
toms.

The urinary stone procedure was determined by the 
operating surgeon based on stone location, timing and 
type of  radical prostatectomy. Simultaneous primary 
stone intervention was defined as occurring under the 
same anesthetic as the radical prostatectomy. Staged 
stone treatments were those within the 120 d before 
prostatectomy. Maximum stone diameter, location and 
total burden were determined by preoperative abdomi-
nal radiography or computerized tomography. Urolithia-
sis follow-up included metabolic evaluation, urinalysis 
with culture and kidney, ureter, and bladder (KUB) X-ray 
with renal ultrasound between 6-12 wk following stone 
treatment. Additional cross-sectional imaging, or KUB 
X-ray with tomograms, was obtained based upon pa-
tient symptomology and at the discretion of  the treat-
ing provider. Stone-free status, after the primary stone 
procedure was defined as no residual fragments. Post-
operative prostate cancer surveillance included physical 
examinations and serum PSA measurement quarterly 
for 2 years, semiannually for an additional 2 years and 
annually thereafter.

Statistical analysis was performed with Student’s t-test 
or Wilcoxon Rank Sum for continuous data and Chi-
Square or Fisher’s Exact test for categorical outcome 
analysis using JMP software (SAS Institute Inc., Cary, 
North Carolina), with a P value < 0.05 considered statis-
tically significant.

RESULTS
A total of  29 stone procedures were performed in 19 
(86%) men undergoing RRP and 3 (14%) RARP at a 
median age of  65 years [Interquartile range (IQR) 62-69] 
(Table 1). Mean follow-up in the simultaneous cohort was 
48.5 mo vs 45.7 mo in staged patients.  In the staged co-
hort stones were treated prior to radical prostatectomy at 
a median 31 d (IQR 21-55).  A prior history of  urolithia-
sis was present in 16 (73%) men overall.  At the time of  
stone surgery 17 (77%) men presented with one or more 
symptoms of  flank pain, hematuria, urinary tract infec-
tion, pyelonephritis or acute renal failure. Ureteral stent 
was placed in 20 of  21 patients (95%) and nephrostomy 
tube only in 1 patient. In the simultaneous cohort, ureter-
al stent was removed at the time of  urethral catheter re-
moval 14 d post-prostatectomy with stent string secured 
to urinary catheter in 4 (40%), via clinic cystoscopy 21 
d after procedure in 3 (30%), at the time of  subsequent 
stone procedure in 1 (10%) or other method in 2 (20%). 
In staged patients, ureteral stents were all removed prior 
to radical prostatectomy or at the time of  RRP. Follow-
up imaging to determine stone-free status was obtained 
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in all patients.  Mean stone diameter was 9.1 mm (range 
4-20 mm) with no difference in stone size or location be-
tween groups.  After the initial stone procedure, 6 (60%) 
simultaneous and 7 (58%) staged were stone-free (P = 
0.9) with no difference in stone size between stone-free 
patients and those with residual calculi (mean 8.3 mm vs 
10.2 mm; P = 0.3). 

Postoperative complications were noted in 5 (42%) 
staged and 3 (30%) simultaneous patients (P = 0.6), for 
a total of  7 and 3 complications (P = 0.3) (Table 2). In 
the simultaneous cohort, bleeding requiring transfusion 
occurred during radical prostatectomy in 2 (20%) and 
postoperative urosepsis in 1 (10%). In the staged cohort, 
there were 7 complications in 5 (42%) patients including 
2 (17%) steinstrasse, 4 (33%) bleeding events during and 
1 (8%) acute kidney injury after radical prostatectomy. 
Overall, bladder neck contracture occurred in 3 (14%) 
patients of  whom all required bladder neck dilation. 
Stress urinary incontinence persisted in 7 (39%), with 1 
(4.5%) requiring artificial urinary sphincter and 6 (27%) 
utilizing ≤ 1 pad with activity. 

We then performed a subgroup analysis of  simul-
taneous vs staged ureteroscopy (URS) and shock wave 
lithotripsy (SWL) and found  no significant difference 
in outcomes between groups including: perioperative 
complications, bladder neck contracture, urinary in-
continence, stone-free rates or number of  additional 
procedures(Tables 3 and 4). Among patients undergoing 
simultaneous URS there were no stone related complica-
tions or bladder neck contractures; furthermore only 1 
(17%) patient required an additional procedure. In those 
undergoing SWL, 4 (67%) patients experienced signifi-
cant complications and 3 (50%) required additional pro-
cedures.  

When stratified by symptomology, 5 (23%) were as-
ymptomatic and 17 (77%) had stone related symptoms; 
of  which, multiple procedures were required in 3 (60%) 
vs 2 (12%; P = 0.02) respectively with no difference in 
adverse events or length of  hospitalization. When stone 
location was analyzed, 9 (41%) patients had distal ureteral 
calculi and 13 (59%) had proximal or multiple stones. 
Relative to patients with multiple or proximal stones, 
patients with distal calculi had a significantly shorter 
hospital stay (mean 4.1 vs 5.5 d; P = 0.040) and need for 
subsequent procedures (mean 1.0 procedures/patient; 
P = 0.03). Moreover, in proximal or multiple stones, 5 
(36%) patients required 6 additional procedures (mean 
1.46 procedures/patient; P = 0.050) with a stone-free rate 
following the initial procedure of  5 (39%) vs 8 (89%) for 
distal ureteral calculi (P = 0.02).  Finally, there was no dif-
ference in complications among those with distal stones 
compared to proximal or multiple stones [3 (33%) vs 5 
(38%); P = 0.8]. 

DISCUSSION
We evaluate the feasibility, safety and efficacy of  si-
multaneous prostate cancer and urinary stone disease 
treatment. The potential advantages of  this approach 
include the minimization of  perioperative complications 
associated with urolithiasis and the need for additional 
procedures. We found no significant difference in treat-
ment outcomes among simultaneous or staged patients; 
including those men undergoing URS. Meanwhile, men 
with multiple or proximal stones were at increased risk 
for additional procedures, longer hospitalization and 
lower stone-free rates relative to those with distal stones. 
Similarly, asymptomatic patients were more likely to 
require additional procedures. Finally, men undergoing 
SWL had a high rate of  stone related complications and 
retreatment making this a poor option for a simultaneous 
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Table 1  Patient demographics n  (%)

Simultaneous
(n  = 10)

Staged
(n  = 12 )

P -value

Age (yr), median (IQR) 68 (60-71) 63 (62-67) 0.41

Stone size (mm), mean ± SD 8.0 ± 3.8 9.9 ± 5.3) 0.31

Location
  Renal 2 (20) 2 (17) 0.82

  Proximal 2 (20) 2 (17) 0.82

  Multiple 1 (10) 4 (33) 0.22

  Distal 5 (50) 4 (33) 0.42

Procedure (n = 29) 11 18
  Open 2 (18) 0 (0) -
  Rigid URS 5 (46) 5 (28) -
  Flexible URS 2 (18) 4 (22) -
  SWL 2 (18) 4 (22) -
  PCNL 0 (0) 5(28) -
RARP 1 (10) 2 (17) -
RRP 9 (90) 10 (83) -
Patient symptomatic 7 (70) 10 (83) 0.53

History of stones 9 (90) 7 (58) 0.13

1Student’s t-test; 2Fisher’s Exact; 3χ2. IQR: Interquartile range; SD: Standard 
deviation; SWL: Shock wave lithotripsy; URS: Ureteroscopy; PCNL: Per-
cutaneous nephrolithotomy; RARP: Robot assisted radical prostatectomy; 
RRP: Radical retropubic prostatectomy.

Table 2  Simultaneous vs  staged urinary stone treatment at 
time of prostatectomy n  (%)

Simultaneous
(n  = 10)

Staged
(n  = 12)

P -value

Patient complications 3 (30) 5 (42) 0.61

Steinstrasse 0 (0) 2 (17) 0.21

Bleeding2 2 (20) 4 (33) 0.51

AKI 0 (0) 1 (8) 0.41

Urosepsis 1 (10) 0 (0) 0.31

BNC 2 (20) 1 (8) 0.41

Urinary incontinence 2 (33) 5 (42) 0.71

Change in Cr (mg/dL), mean ± SD 0.04 ± 0.2 -0.2 ± 0.5 0.13

change in Hb (g/dL), mean ± SD 3.9 ± 1.4 4.7 ± 1.6 0.23

Hospital (d), mean ± SD 4.5 ± 3.8 5.5 ± 2.8 0.53

Stone free 6 (60) 7 (58) 0.94

Multiple procedures 1 (10) 4 (33) 0.24

Avg. # stone procedures, mean ± SD 1.1 ± 0.3 1.4 ± 0.7 0.23

1Fisher’s Exact; 2Occurred at the time of prostatectomy; 3Student’s t-test; 
4χ2. BNC: Bladder neck contracture; AKI: Acute kidney injury; Cr: Creati-
nine; Hb: Hemoglobin; SD: Standard deviation.
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treatment approach.  As such, given its low rate of  com-
plications, and need for secondary procedures, we con-
clude that there is a potential role for the simultaneous 
use of  URS to treat symptomatic distal ureteral stones at 
the time of  RP. 

With a high incidence of  prostate cancer[7-9] and uro-
lithiasis in the aging male population[2], a significant pro-
portion of  these men may present with urinary stone dis-
ease discovered during cancer staging and treatment. In 
general, asymptomatic urolithiasis has an 8% prevalence 
with approximately 20% developing a symptomatic stone 
event within 1.3 years[16]; and, up to 26% may require 
surgical intervention[18]. However, the appropriate man-
agement of  the asymptomatic patient that is incidentally 
found to have stone disease prior to radical prostatecto-
my remains unknown. Furthermore, for the symptomatic 
patient that presents a trial of  passage may be a reason-
able option.  However, in those patients who fail medical 
expulsion therapy[25,26], elect for surgical management[27], 
or have high-risk prostate cancer the timing of  urinary 
stone treatment becomes paramount.  

Meanwhile, the risk of  injury to the vesicourethral 
anastomosis with instrumentation is likely greatest in 
the immediate postoperative period. Unfortunately, little 
work has been done to assess the true risk to radical 
prostatectomy patients undergoing instrumentation for 
urinary stone treatment in the perioperative period. Gib-
bons et al[28] evaluated the feasibility of  retrograde endos-
copy in the post-prostatectomy patient. They observed 
no complications or adverse effect on urinary continence 
in 21 patients with a mean interval between radical 
prostatectomy and retrograde endoscopy of  24 mo[28]. 
Although reassuring, their series may not reflect the true 
long-term risk due to a short follow-up and significant 
time between prostatectomy and endoscopy. Herein, we 
found no significant difference between groups with 14% 

developing bladder neck contracture and 39% having 
mild to moderate urinary incontinence at last follow-up. 
Currently, depending on method of  evaluation, 60%-93% 
of  patients will regain urinary continence by 12 mo[20] 
and 2%-18% develop bladder neck contracture[22], which 
is not considerably different from our cohort. 

In our series complications occurred in 42% vs 30% 
and additional stone procedures in 33% vs 10% of  staged 
and simultaneous patients, respectively. We included com-
plications secondary to the stone procedure (urosepsis 
and steinstrasse) and radical prostatectomy (bleeding). 
Thus, our increased rate of  overall complications is not 
typically observed with traditional stone procedures. Fur-
thermore, after subgroup analysis of  patients undergoing 
URS and SWL, there remained no significant difference 
in outcomes. However, in SWL, 50% of  staged patients 
developed steinstrasse and 75% required subsequent pro-
cedures which may place a patient at undue risk following 
prostatectomy. Salem et al[29] prospectively evaluated over 
3000 patients undergoing SWL and noted a retreatment 
rate of  37% and steinstrasse in 24% of  patients. Our in-
creased retreatment rate reflects an attempt to render all 
patients stone-free following SWL and limit acute stone 
events following radical prostatectomy. As such, given 
the high rate of  secondary procedures we feel that SWL 
should only be performed in a staged setting.

Multiple studies have established the importance of  
stone size, location and number in predicting stone-free 
rates[30-35]. Rippel et al[30]evaluated patients with CT imag-
ing 30 to 90 d post-operatively. On univariate analysis 
49% patients with multiple and 50% with intrarenal cal-
culi had residual stone fragments greater than 2 mm. In 
our study, only stone location was significantly associated 
with a risk of  retreatment as 38% of  patients with proxi-
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Table 3  Simultaneous vs  staged ureteroscopic stone treatment 
at time of prostatectomy n  (%)

Simultaneous
(n  = 6)

Staged
(n  = 7)

P -value

Age (yr), median (IQR) 70 (65-71) 63 (61-68) 0.061

Patient complications 1 (17) 3 (43) 0.32

Steinstrasse 0 (0) 0 (0) -
Bleeding3 1 (17) 3 (43) 0.32

AKI 0 (0) 1 (14) 0.32

BNC 0 (0) 1 (14) 0.32

Urinary Incontinence 2 (40) 3 (43) 0.92

Change in Cr (mg/dL), mean ± SD 0.04 ± 0.1 -0.4 ± 0.5 0.14

Change in Hb (g/dL), mean ± SD 4.1 ± 1.8 5.1 ± 0.9 0.24

Hospital (d), mean ± SD 2.8 ± 2.1 5.5 ± 3.5 0.14

Multiple procedures 1 (17) 1 (14) 0.94

Avg. # stone procedures, 
mean ± SD

1.2 ± 0.4 1.1 ± 0.4 0.94

Stone free 4 (67) 6 (86) 0.44

Stone size (mm), mean ± SD 5.8 ± 1.7 6.9 ± 2.3 0.34

1Student’s t-test; 2Fisher’s Exact; 3Occurred at the time of prostatectomy; 
4χ2. BNC: Bladder neck contracture; AKI: Acute kidney injury; Cr: Creati-
nine; Hb: Hemoglobin; SD: Standard deviation.

Table 4  Simultaneous vs  staged SWL at time of prostatectomy 
n  (%)

Simultaneous
(n  = 2)

Staged
(n  = 4)

P -value

Age (yr), median (IQR) 55 (53-57) 63 (62-65) 0.11

Patient complications 1 (50) 3 (75) 0.52

Steinstrasse 0 (0) 2 (50) 0.22

Bleeding3 0 (0) 2 (50) 0.22

AKI 0 (0) 0 (0) -
Urosepsis 1 (50) 0 (0) 0.12

BNC 0 (0) 0 (0) -
Urinary incontinence - 1 (25) -
Change in Cr (mg/dL), 
mean ± SD

0.15 ± 0.4 -0.3 ± 0.3 0.41

Change in Hb (g/dL), mean ± SD 3.9 ± 0.8 5.1 ± 1.7 0.51

Hospital (d), mean ± SD 4.0 ± 1.4 4.8 ± 1.5 0.61

Multiple procedures 0 3 (75) 0.082

Avg. # stone procedures, 
mean ± SD

1.0 (0.0) 2.0 (0.8) 0.21

Stone free 2 (100) 1 (25) 0.082

Stone size (mm), mean ± SD 12.5 ± 6.4 10.4 ± 1.3 1.01

1Wilcoxon Rank Sum; 2Fisher’s Exact; 3Occurred at the time of prostatec-
tomy. BNC: Bladder neck contracture; AKI: Acute kidney injury; Cr: Cre-
atinine; Hb: Hemoglobin.
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mal or multiple stones required additional procedures. 
Meanwhile our stone-free rate, although not significantly 
different between simultaneous and staged patients, was 
lower in patients with multiple or upper tract stones (P = 
0.02) with no difference based on stone burden (P = 0.3). 

Interestingly, patient symptomology was signifi-
cantly associated with an increased risk of  subsequent 
procedures as 60% of  asymptomatic patients required 
additional stone treatment. We hypothesize that urinary 
obstruction over time allows for passive dilation of  the 
collecting system thus increasing compliance and allowing 
ease of  stone passage and instrumentation. Frequently, in 
our experience, the treatment of  asymptomatic patients 
in a single-stage setting can be difficult often requiring 
multiple procedures and leading to increased complica-
tions. Keeley et al[36] prospectively evaluated patients un-
dergoing SWL treatment of  small (< 15 mm) asymptom-
atic renal calculi and found a stone-free rate of  only 28% 
at 2.2 years. Despite evidence suggesting that a patient’
s symptomatology may be a predictor of  treatment out-
comes; this question has yet to be previously addressed 
among patients undergoing URS. 

Certain limitations of  our study exist. We acknowl-
edge that the small patient population, and its retrospec-
tive nature, may limit any definitive clinical recommen-
dations for a change of  practice. Furthermore, we do 
not know the incidence of  symptomatic progression of  
urinary stone disease following RP in those men who 
undergo expectant management preoperatively. Despite 
these limitations, this study attempts to address the safety, 
feasibility and utility of  performing simultaneous stone 
treatment at the time of  radical prostatectomy.  We dem-
onstrate no difference in outcomes which may suggest a 
role for simultaneous stone removal, specifically URS, in 
appropriately selected patients. Further prospective tri-
als are needed to identify eligible patients, risk factors for 
significant short and long-term complications and cost-
analysis of  a single-stage procedure.

The current study demonstrates that simultaneous 
treatment of  symptomatic distal urolithiasis with URS 
at the time of  radical prostatectomy is safe and effica-
cious. Meanwhile, given the high rate of  residual stone 
fragments and re-instrumentation following SWL, we 
recommend it be performed in a staged fashion. Finally, 
in asymptomatic patients, or those with multiple or up-
per tract stones, one should consider a staged approach 
due to the increased risk of  additional procedures and 
reduced stone-free rates.

COMMENTS
Background
The prevalence of urinary stone disease in the male population ages 50 to 74 
years old has increased from 13% from 1988-1994 to 19% in 2007-2010, repre-
senting a roughly equivalent to 40% relative increase in stone disease. A similar 
increase in the incidence of prostate cancer has also been observed due to 
PSA screening. As such, a significant number of male patients diagnosed with 
prostate cancer may harbor urolithiasis. If urinary stone disease is discovered, 
these patients pose a complex management dilemma given that 44% of as-
ymptomatic patients with urolithiasis will develop symptoms within 1.3 years. An 

acute stone event within the immediate post radical prostatectomy period poses 
a unique concern; specifically, instrumentation of the fresh vesicourethral anas-
tomosis has the potential for anastomotic injury with resultant long-term urinary 
incontinence and/or bladder neck contracture.  
Research frontiers
Ongoing research in the field of urinary stone disease is attempting to identify 
modifiable patient risk factors to prevent future stone events. Moreover, among 
men undergoing radical prostatectomy for prostate cancer, significant research 
efforts are ongoing, including investigation of minimally invasive techniques and 
minimizing post prostatectomy complications such as urinary incontinence and 
bladder neck contracture; which can be disabling.
Innovations and breakthroughs
To the best of our knowledge, this is the first study to investigate the safety 
and efficacy of synchronous upper tract urinary stone treatment at the time of 
radical prostatectomy. One previous study has evaluated the association be-
tween upper tract endoscopy following radical prostatectomy and stress urinary 
incontinence. They found no difference in outcomes among men underwent 
ureteroscopy at a mean 24 mo following prostatectomy.
Applications
With a high incidence of prostate cancer and urolithiasis in the aging male 
population, a significant proportion of these men may present with urinary stone 
disease discovered during cancer staging and treatment. In general, asymp-
tomatic urolithiasis has an 8% prevalence with approximately 20% developing 
a symptomatic stone event within 1.3 years; and, up to 26% requiring surgical 
intervention. Meanwhile, the risk of injury to the vesicourethral anastomosis with 
instrumentation in the setting of an acute stone event is likely greatest in the im-
mediate postoperative period. As such, the appropriate management and timing 
of treatment in these men is of paramount significance. The potential advantag-
es of a synchronous approach include the minimization of perioperative compli-
cations associated with urolithiasis and the need for additional procedures. The 
current study demonstrates that simultaneous treatment of symptomatic distal 
urolithiasis with ureteroscopy at the time of radical prostatectomy is safe and ef-
ficacious. Meanwhile, we noted a high rate of residual stone fragments and re-
instrumentation following shock wave lithotripsy and as such recommend it be 
performed in a staged fashion. Finally, in asymptomatic patients, or those with 
multiple or upper tract stones, one should consider a staged approach due to 
the increased risk of additional procedures and reduced stone-free rates.
Terminology
Radical prostatectomy is the surgical removal of the prostate gland for the 
treatment of prostate cancer. Ureteroscopy is a minimally invasive endoscopic 
procedure to diagnose and treat upper urinary tract disorders. Shock Wave 
Lithotripsy is a technique for fragmenting a kidney stone with a shock wave 
that is produced outside the body. Steinstrasse is a complication of shock wave 
lithotripsy for urinary tract calculi in which stone fragments obstruct the renal 
unit. Percutaneous Nephrolithotomy is a technique for treating upper tract uri-
nary stone disease by which percutaneous access into the renal unit is obtain. 
Stone Free refers to no residual stone fragments following stone treatment.
Peer review
The present study by Amy E Krambeck is investigated the differences in periop-
erative and long-term outcomes of patients, which treated for urolithiasis at the 
time of radical prostatectomy (simultaneous) in the preoperative period (staged). 
The results showed that the simultaneous ureteroscopic treatment of symptom-
atic urolithiasis appeared to be safe and efficacious with radical prostatectomy. 
In general, the work was interesting, except several issues to be addressed to 
increase the quality of the present work.
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Abstract
AIM: To evaluate the effect of chemotherapy to the 
acute toxicity of a hypofractionated radiotherapy (HFRT) 
schedule for breast cancer. 

METHODS: We retrospectively analyzed 116 breast 
cancer patients with T1, 2N0Mx. The patients received 

3-D conformal radiotherapy with a total physical dose 
of 50.54 Gy or 53.2 Gy in 19 or 20 fractions according 
to stage, over 23-24 d. The last three to four fractions 
were delivered as a sequential tumor boost. All patients 
were monitored for acute skin toxicity according to the 
European Organization for Research and Treatment of 
Cancer/Radiation Therapy Oncology Group criteria. The 
maximum monitored value was taken as the final grad-
ing score. Multivariate analysis was performed for the 
contribution of age, chemotherapy and 19 vs  20 frac-
tions to the radiation acute skin toxicity. 

RESULTS: The acute radiation induced skin toxic-
ity was as following: grade Ⅰ 27.6%, grade Ⅱ 7.8% 
and grade Ⅲ 2.6%. No significant correlation was 
noted between toxicity grading and chemotherapy (P  
= 0.154, χ2 test). The mean values of acute toxicity 
score in terms of chemotherapy or not, were 0.64 and 
0.46 respectively (P  = 0.109, Mann Whitney test). No 
significant correlation was also noted between acute 
skin toxicity and radiotherapy fractions (P  = 0.47, χ2 
test). According to univariate analysis, only chemo-
therapy contributed significantly to the development of 
acute skin toxicity but with a critical value of P  = 0.05. 
However, in multivariate analysis, chemotherapy lost 
its statistical significance. None of the patients during 
the 2-years of follow-up presented any locoregional re-
lapse. 

CONCLUSION: There is no clear evidence that che-
motherapy has an impact to acute skin toxicity after an 
HFRT schedule. A randomized trial is needed for defi-
nite conclusions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The adjuvant radiotherapy for early breast 
cancer after lumpectomy is an established treatment. 
Hypofractionation is an attractive approach and the 
trend nowadays towards new techniques involving hy-
pofractionation is huge, mainly due to the long waiting 
lists, patients’ desire for fast treatment, better planning 
of radiotherapy with computed tomography-based tar-
get definition and better dose homogeneity assured by 
3D conformal planning. The aim of the current study is 
to evaluate the potential effect of previous chemother-
apy to the acute skin toxicity and the local control fol-
lowed for 2 years in patients with breast cancer, treated 
with hypofractionated radiotherapy regimen.

Kouloulias V, Zygogianni A, Kypraiou E, Georgakopoulos J, 
Thrapsanioti Z, Beli I, Mosa E, Psyrri A, Antypas C, Armbilia C, 
Tolia M, Platoni K, Papadimitriou C, Arkadopoulos N, Gennatas 
C, Zografos G, Kyrgias G, Dilvoi M, Patatoucas G, Kelekis N, 
Kouvaris J. Adjuvant chemotherapy and acute toxicity in hypo-
fractionated radiotherapy for early breast cancer. World J Clin 
Cases 2014; 2(11): 705-710  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i11/705.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i11.705

INTRODUCTION
The adjuvant radiotherapy (RT) for early breast cancer 
after lumpectomy is an established treatment. The most 
widely used schedule for whole breast irradiation is 50 
Gy in 25 fractions (conventional), while randomized 
trials comparing conventional radiotherapy schedules 
to different hypofractionation, have shown equivalent 
results[1]. A lot of  shorter (accelerated hypofractionated) 
RT schedules have been already used in clinical prac-
tice[2-6]. Hypofractionation is an attractive approach and 
the trend nowadays towards new techniques involving 
hypofractionation is huge, mainly due to the long waiting 
lists, patients’ desire for fast treatment, better planning 
of  radiotherapy with computed tomography (CT)-based 
target definition and better dose homogeneity assured by 
3D conformal planning.

However it is quite difficult to compare the treatment 
outcome due to the variation of  clinical parameters, such 
as patient selection, chemo/hormonotherapy, differences 
in breast size, radiation dosimetry and RT techniques[2-6]. 

The aim of  the current paper is to evaluate the potential 
effect of  previous chemotherapy to the acute skin toxicity 
and to the local control followed for 2 years in breast cancer 
patients irradiated with this hypofractionated regimen.

MATERIALS AND METHODS 
One hundred sixteen patients were retrospectively se-
lected, between May 2004 and December 2010. Patients 

characteristics are shown in details in Τable 1. All patients 
received radiotherapy with a total prescription dose of  
50.54 Gy or 53.2 Gy by 2.66 Gy per fraction, in 19 or 20 
fractions, over 23-24 d. The decision of  giving either 19 
or 20 fractions was made in terms of  stage (T1, 2) or in 
case maxima in dose distributions more than 108%. The 
last three to four fractions were delivered as a sequential 
tumor boost. The patients were irradiated either at the 
Radiotherapy unit of  the 1st Department of  Radiology in 
ATTIKON University Hospital or at the Radiotherapy 
Unit of  the 2nd Department of  Radiology in Aretaieion 
University Hospital[7,8]. However, the follow-up was real-
ized in several departments either in Athens or Larisa.

Inclusion criteria in this study were breast cancer 
patients with stage Ⅰ-Ⅱ invasive carcinoma after conser-
vative surgery and axillary lymph node dissection. Any 
adjuvant chemotherapy had to be completed before the 
start of  RT. 

The exclusion criteria were: mastectomy, presence of  
Paget’s disease, presence of  autoimmune conditions, pre-
vious thoracic neoplasia (cancer, sarcoma, lymphoma), 
previous breast cancer operated with bad cosmesis, diag-
nosis of  previous or concomitant malignancies or skin 
disease, breast size in craniocaudal dimension more than 
20 cm (or alternatively less than 2500 mL) and presence 
of  psychiatric or addictive disorders[7]. 

All patients were monitored for acute skin toxicity 
according to the European Organization for Research 
and Treatment of  Cancer/Radiation Therapy Oncology 
Group (EORTC/RTOG) criteria, during radiotherapy 
schedule once per week and one month thereafter[9]. The 
maximum monitored value was taken as the final grad-
ing score. The primary outcome measure was radiation 
induced acute skin toxicity. The secondary end point was 
the local recurrence free survival. Clinical and laboratory 
tests suggested recurrent disease were investigated, while 
the criterion for local disease recurrence was recurrent tu-
mor within the treated irradiated field. Hormonal therapy, 
if  prescribed according to indications, was administered 
after the completion of  radiotherapy. 

Simulation and treatment planning
Patients underwent standard CT simulation in the supine 
position. The ipsilateral breast and tumor bed with surgi-
cal clips were contoured for the delineation of  Clinical 
Target Volumes (CTV), while contralateral breast, left 
and right lung and heart were contoured as organs at risk 
(OARs)[10]. When surgical clips were not present, preop-
erative mammography and ultrasound data were used for 
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Table 1  Patients’ characteristics

Age median (range) 58.5 (35-86)
  T1 81
  T2 35
Chemotherapy
  Yes 83
  No 33



tumor bed definition. The planning target volume of  the 
tumor bed (PTVt) was a 1-2 cm expansion around the 
clinical target volume (CTV). The ipsilateral breast vol-
ume was the planning target volume (PTVB), excluding 
the chest wall and 0.5 cm from the skin[10]. 

Radiobiological issue
We used linear-quadratic (LQ) model in order to assess 
the equivalent of  hypofractionation schedules to the 
Normalised Total Dose (NTD) if  delivered in conven-
tional scheme of  2 Gy per fraction[11-16]:
NTD = Dnew [(dnew + α/β)/(2 + α/β)]
where Dnew and dnew are the total dose and dose per 
fraction for the hypofractionated schedule, respectively. 
Normalized Total Dose - NTD has been calculated and 
tabulated for both breast (α/β = 4 Gy) and acute react-
ing tissues (α/β = 10 Gy)[11-16]. When considering that 
α/β = 4, the NTD was 56.10 Gy and 59.05 Gy for 19 
and 20 fractions, respectively. When considering that α/β 
= 10, the NTD was 53.3 Gy and 56.13 Gy for 19 and 20 
fractions, respectively.

We used the QUANTEC trial for the dose constrains, 
as described below, concerning NTD values for an α/β 
= 3 (late reacting tissues)[17,18]: (1) Ipsilateral lung: < 15% 
of  lung should receive less than 30% of  prescribed dose; 
(2) Heart (left sided breast): Volume of  heart getting 5% 
of  dose (V5) should be less than 40%; (3) Heart (right 
sided breast): < 5% of  heart should receive less than 5% 
of  the prescribed dose; (4) Contralateral breast: should 
receive less than < 3% of  prescribed dose to any point; 
and (5) Contralateral lung: < 15% of  lung should receive 
less than 5% of  prescribed dose.

Systemic therapy
Patients with axillary nodal metastases received adjuvant 
systemic treatment. Concerning the premenopausal 
women, two schedules were used: 62 patients received 
4 cycles of  epirubicin and endoxan every 2 wk, 3 wk 
brake and then 4 cycles taxotere every 3 wk; 54 patients 
received 6 cycles of  cyclophosphamide, methotrexate, 
and 5-fluorouracil (CMF) chemotherapy iv every 21 d. 
Postmenopausal patients received also tamoxifen 20 mg 
daily for 5 years, after the completion of  radiotherapy. All 
patients received irradiation in a time post chemotherapy 
ranged 25-45 d.

Statistical analysis
The comparison of  mean value of  toxicity score between 
patients undergone adjuvant chemotherapy vs no che-

motherapy was done with the Mann Whitney non-para-
metric test. The correlation of  the incidence of  toxicity 
grading with either the administration of  chemotherapy 
or the prescribed schedule of  19 vs 20 radiotherapy frac-
tions was performed with the χ2 test. The impact of  age, 
chemotherapy and total dose to the radiation induced 
acute skin toxicity was performed with the logistic linear 
regression analysis in two steps: first all variables were 
entered in the equation as a univariate analysis; second 
only variables with a statistical significance were entered 
in a multivariate model. The significance level was set at 
0.05. All the analysis was performed using the SPSS ver. 
10 software (IL, United States).

RESULTS
Thirty three patients underwent a radiotherapy sched-
ule of  19 fractions while 83 underwent schedule of  20 
fractions. Overall, acute radiation induced skin toxicity, 
according to European Organization for Research and 
Treatment of  Cancer/Radiation Therapy Oncology 
Group criteria, was as following: grade Ⅰ 27.6%, grade Ⅱ 
7.8% and grade Ⅲ 2.6%. The acute radiation induced tox-
icity score in details is shown in Τable 2. No treatment in-
terruption was occurred since no skin toxicity more than 
grade 3 was noted. No significant correlation was noted 
between toxicity grading and chemotherapy (P = 0.154, 
χ2 test). The mean values of  acute toxicity score in terms 
of  chemotherapy or not, were 0.64 and 0.46 respectively 
(Figure 1). No significant difference was noted (P = 109, 
Mann Whitney test). No significant correlation was also 
noted between acute skin toxicity and radiotherapy frac-
tions (P = 0.47, χ2 test). The logistic regression analysis 
performed in two steps is shown in Table 3. According to 
univariate analysis, only chemotherapy contributed signifi-
cantly to the development of  acute skin toxicity but with 
a critical value of  0.05. However, in multivariate analysis 
chemotherapy lost its statistical significance. 

None of  the patients during the 2-years of  follow-up 
presented with any locoregional relapse. The acute radia-
tion skin toxicity decreased rapidly after the completion 
of  radiotherapy. Three months post irradiation, 107 out 
of  116 (92.2%) patients presented grade 0 of  skin toxici-
ty, while 9 out of  116 (7.7%) presented only grade I acute 
skin toxicity.  

DISCUSSION
The linear quadratic (LQ) is a well established model that 
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Table 2  Incidence of acute skin toxicity in terms of previous chemotherapy or not

  EORTC/RTOG radiation induced acute skin toxicity grade Total

  0 1 2 3

Chemotherapy No   56/83 (67.5%)   18/83 (21.7%)  7/83 (8.4%)  2/83 (2.4%)  83
  Yes   16/33 (48.5%)   14/33 (42.4%)  2/33 (6.0%)  1/33 (3.0%)   33
 Total 72/116 (62.1%) 32/116 (27.6%) 9/116 (7.8%) 3/116 (2.6%) 116

No significant correlation was noted (Pearson χ2 P = 0.15). EORTC/RTOG: Organization for Research and Treatment of Cancer/Radiation Therapy.
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provides assessments of  equivalent doses to both tumor 
and normal tissues[11-17]. 

Biological factors related to proliferation (overall time 
and delayed after irradiation), and the effect of  dose per 
fraction, are basic knowledge necessary for the planning 
of  new irradiation schedules which are effective in prac-
tice[11-16].

In our institution we have already reported on the ef-
ficacy of  the certain hypofractionated schedule for breast 
cancer[7,8]. Moreover we have made a thorough dosimet-
ric analysis for the dose deposited at the contralateral 
breast[19]. However, this is the first study according to our 
knowledge, evaluating the impact of  adjuvant chemo-
therapy to the skin toxicity for a hypofractionated irradia-
tion schedule for breast cancer. In univariate analysis the 
parameter of  chemotherapy seems to have a significant 
impact to the radiation induced skin toxicity with a criti-
cal value of  0.05. However, in multivariate analysis che-
motherapy lost its statistical significance. Thus eventually 
neither chemotherapy, nor the age and the total dose 
seemed to have any impact to acute skin toxicity. 

Sanguineti et al[20] investigated whether chemotherapy 
administered at earlier or concomitant with radiotherapy, 
has an impact either to the RT duration or to the hema-
tological profile. The RT schedule was consisted of  50 
Gy in five weeks. The investigators concluded that there 
is no correlation in terms of  toxicity between chemo-
therapy dose-density and dose-intensity of  RT. However, 

the concomitant administration of  chemotherapy and 
RT decreases the ability of  prescribing a full irradiation 
scheme. The only toxicity observed was in white blood 
cells (WBC). The toxicity on late responding tissues with 
the combination of  hypofractionation and chemotherapy 
was not investigated. In terms of  multivariate analysis, no 
significant correlation was assessed between skin toxicity 
and weekly dose rate, while the analysis of  potential fac-
tors associated with skin toxicity was not a subject of  this 
study[20]. 

According to current literature concerning clinical 
guidelines and randomized trails, Hypofractionated RT 
in breast cancer patients offers equivalent outcome to the 
standard conventional schedule, in terms of  tumor con-
trol and normal tissue damage[21-24].  In clinical practice 
the most commonly used schedule of  2.66 Gy in 16 frac-
tions is equivalent to 50 in 2.0 Gy fractions, when the α/β 
value is equal to 3Gy. Any potential loss of  therapeutic 
ratio (2.9 Gy loss of  anti-tumor dose) would be compen-
sating with the shorted treatment time due to reduced 
tumor repopulation and either adjuvant or neo-adjuvant 
chemotherapy[21]. 

One of  the trials, published in 2002 by Whelan et 
al[23],  compared a schedule of  of  42.5 Gy in 16 frac-
tions over 22 d (accelerated arm 266 Gy/fraction) with 
conventional breast irradiation consisted of  50 Gy in 25 
fractions over 35 d (2 Gy/fraction). No boost was added. 
The randomized women had invasive breast cancer, free 
resection margins, uninvolved axillary lymph nodes. After 
69 mo (more than 5 years) follow up the randomized trial 
determined that the accelerated arm was as effective as 
the conventional arm concerning the two outcomes- lo-
cal control and cosmetic results. As it was obvious in the 
long term results, published in 2010, the local recurrence 
rate at 10 years was 7.5% in the conventional group as 
compared with 7.4% in the accelerated group[24]. The 
survival rate at 10 years was equivalent in both arms by 
means of  84.4% in the conventional group vs 84.6% in 
the accelerated group, while cosmetic outcomes were also 
similar concerning a rate of  4% or less grade 3 radiation 
induced toxicity[24].   

The 5 year results of  two big randomized trials - the 
United Kingdom Standardisation of  Breast Radiotherapy 
(START) Trial A and START Trial B have been also 
reported[25,26]. START Trial A[25] compared each of  two 
schedules of  hypofractionation 41.6 Gy or 39 Gy in 13 
fractions of  3.2 Gy or 3.0 Gy over 5 wk with conven-
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Table 3  Logistic regression analysis performed for analyzing the contribution of age, chemotherapy and radiotherapy fractions (19 
vs  20) to the development of acute radiation induced skin toxicity

Univariate analysis Multivariate analysis

P RR 95%CI P RR 95%CI

Age 0.31 - - 0.41 - -
Chemotherapy 0.05 2.35 1.01-5.52 0.057 - -
19 vs 20 fractions 0.55 - - 0.66 - -

The univariate model chi-square with 3 degrees of freedom was 4.97 (P = 0.17). None of the variables entered to the multivariate model. RR: Risk ratio.
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Figure 1  Mean acute skin toxicity score for patients undergone chemo-
therapy or not (P = 0.109, Mann Whitney test). 



tional whole-breast irradiation and START Trial B[26] 
compared 40 Gy in 15 fractions of  2.67 Gy over 3 wk 
with conventional irradiation 50 Gy in 25 fractions of  2 
Gy. The interpretations of  the results from the two trials 
were that the hypofractionation schedules offered similar 
rates of  tumour control and normal tissue damage as the 
international standard fractionation schedule of  50 Gy 
in 25 fractions. The endpoints of  both studies at term 
of  tumor relapse, late normal tissue effects, and quality 
of  life were at least as favorable as the standard schedule. 
Boost irradiation was according to protocol guidelines 
in both START trials, while adjuvant chemotherapy was 
used more widely than in Whelan et all trial[23], while up 
to nowadays follow-up, no significant increase in toxicity 
has been reported. Zygogianni et al[8] in a previous study, 
at the end of  RT reported 24.1% of  grade Ⅰ and 9.3% 
of  grade Ⅱ acute skin toxicity, while 66.7% of  the pa-
tients showed no radiation induced skin morbidity. In this 
study the results are equivalent with 27.6% and 7.8% of  
grade Ⅰ and Ⅱ skin toxicity, respectively.

Dorn et al[27] studied the skin toxicity in large breasts 
by an hypofractionated schedule of  42.56 Gy in 2.66 Gy 
per fraction. Of  the 80 treated patients with large breasts, 
the maximum acute skin toxicity was mild erythema 
or hyperpigmentation in 70.0%, dry desquamation in 
21.25% and focal moist desquamation in 8.75%. Maxi-
mum acute toxicity occurred after the completion of  ra-
diation in 31.9% of  patients. Breast volume was the only 
patient-related factor significantly associated with moist 
desquamation on multivariable analysis (P = 0.01). Pa-
tients with breast volume > 2500 mL showed focal moist 
desquamation in 27.2% of  cases vs 6.34% in patients with 
breast volume < 2500 mL (P = 0.03). In our case, accord-
ing to eligibility criteria, all patients had a breast volume 
less than 2500 mL.  

In another study referring to 44 patients with primary 
stage breast cancer after adjuvant chemotherapy and 
hypofractionated RT, Zygogianni et al[28] reported a sig-
nificantly acute skin toxicity when the intermediate time 
between chemotherapy and RT was less than 20 d (P < 
0.05). All patients in this study received irradiation 25 d at 
the minimum after chemotherapy. 

Although, all the above mentioned trials studied skin 
toxicity according to the hypofractionated schedule, 
none of  them explored the impact of  chemotherapy 
on acute skin morbidity. According to our results, the 
hypofractioned radiotherapy for breast cancer is safe in 
terms of  mild toxicity, independently with the sequential 
chemotherapy, if  administered. Our acute toxicity is in 
accordance with the reported values in all previous pub-
lished studies. Obviously, the maximum grade of  skin 
toxicity was noted during the whole breast irradiation and 
not during the boost radiotherapy. On the other hand, 
it seems that chemotherapy might not be a major factor 
affecting the radiation induced morbidity. However, due 
to the retrospective nature of  our study, it is difficult to 
extract safe conclusions, while a randomized prospec-
tive study is needed to answer the question: has chemo-
therapy a definite impact to radiation induced morbidity 

if  a hypofractionated schedule is used? Consequently, the 
question is still open. 
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Abstract
We report the first case of a neonate with concurrent 
Chiari Ⅱ malformation and achondroplasia. Although 
rare, both these conditions contribute to several del-
eterious anatomical changes at the cervicomedullary 
junction and thus predispose to acute hydrocephalus. 
Although our patient was initially asymptomatic, hydro-
cephalus ensued several weeks after birth and required 
cerebral spinal fluid diversion. We discuss the potential 
links between the two conditions, the pathophysiology, 
and the important clinical implications for the manage-
ment of the increased risk of hydrocephalus.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Achondroplasia; Chiari Ⅱ malformation; 
Hydrocephalus; Shunt failure; Cervicomedullary junc-
tion; Cerebral spinal fluid diversion

Core tip: Achondroplasia and Chiari Ⅱ malformations 
can induce similar anatomical changes at the cervico-
medullary junction which increase the risk of acute hy-

drocephalus. Chiari decompression may not always be 
necessary, however, diligent and acute follow-up is im-
portant to monitor for signs of impeding hydrocephalus. 
If cerebral spinal fluid diversion is required, remember 
that shunt failure is common in the pediatric age group 
and also requires close follow-up.
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INTRODUCTION
Achondroplasia is the most common cause of  dwarfism, 
occurring at a frequency of  1 and 26000 live births[1]. 
Mutations of  the FGFR3 gene, which encodes a tyrosine 
kinase receptor that is deferentially expressed during 
various stages of  development, are responsible for the 
characteristic short-stature and macrocephaly[2,3]. The 
condition follows an autosomal dominant inheritance 
pattern with complete penetrance, however  80%-90% of  
cases are due to sporadic mutation[1,4]. The FGFR3 gene 
has been mapped to chromosome 4p16.3, and is part of  
a larger family of  fibroblast growth factor receptor genes 
which play important roles in skeletal development[2,3].

The Chiari Ⅱ malformation (CM Ⅱ) is a well charac-
terized congenital malformation of  the central nervous 
system. Although the exact mechanism is still disputed, 
the condition is defined by a small posterior fossa and 
caudal displacement of  the brainstem and cerebellum 
through the foramen magnum[5]. In addition, all cases of  
CM Ⅱ are associated with a myelomeningocele[5] which 
can be further complicated by hydrocephalus, syringomy-
elia, heterotopias, and agenesis of  the corpus callosum 
are only some of  the commonly reported sequelae[5-7]. 
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In our literature review we found two case reports of  
patients with both achondroplasia and Chiari I malfor-
mations[8,9], however to our knowledge there are no pub-
lished case reports of  concomitant achondroplasia and 
CM Ⅱ. Here we report the first such case in a neonate, 
and discuss the potential links between the two condi-
tions, the pathophysiology, and the management of  the 
increased risk of  hydrocephalous.

CASE REPORT
History of present illness
A 1 d old male born after 39-3/7 wk of  gestation to a 
39-year-old gravid 1, para 0 women presented after de-
livery for surgical correction of  a sacral mass. During 
pregnancy, an elevated AFP was noted and ultrasound 
findings demonstrated enlarged ventricles, large for ges-
tational age status, and a sacral myelomeningocele. The 
infant was delivered via cesarean section with no compli-
cations; at birth, 1 and 5 min APGARs were 8 and 9 re-
spectively. The child’s cranium appeared relatively macro-
cephalic and measured in the 75th percentile with a short 
cranial base and mild frontal bossing. A 7 cm × 7 cm 
sacral myelomeningocele was noted and no cerebral spi-
nal fluid (CSF) leak was evident. The extremities showed 
shortening of  the femurs and humeri with relatively long 
fibulae and a trident confirmation of  the hands. The 
patient had a short stature with an upper-lower segment 
ratio of  1.9 (normal 1.6 to 1.7), these exam findings initi-
ated a genetic and skeletal survey for achondroplasia. The 
remainder of  the physical and neurological exam were 
normal.

Imaging studies
An axial T-2 magnetic resonance image (MRI) of  the 
head showed no signs of  hydrocephalus (Figure 1A).  
There was no evidence of  a tonsillar herniation, how-
ever, a tight cervicomedullary junction was noted on the 
sagittal T-1 MRI of  the head (Figure 1B), and the lateral 
and third ventricles were slightly enlarged. The corpus 

callosum and cerebral vermis were noted to be hypo-
plastic and a small posterior fossa with frontal bossing 
were evident. A sagittal T-2 MRI of  the spine (Figure 1C) 
demonstrated a well circumscribed hyperintense sacral 
mass protruding dorsally, with a loss of  posterior spinal 
elements distal to L3. There was some evidence of  cauda 
equina involvement and tethering of  the cord.

Operative course
The patient’s radiographic and physical exam findings 
were consistent with a CM Ⅱ. The patient was taken 
to the operating room on the same day of  presentation 
to undergo repair of  the myelomeningocele. A typical 
elliptical incision was made adjacent to the defect with 
midline extension caudal and rostral to the dome. The 
myelomeningocele was delicately dissected away from the 
dome skin and the surrounding fascial and dural layers. 
The termination of  the placode was detethered from the 
dome skin, and the dorsal and ventral nerve roots were 
mobilized laterally. The lateral edges of  the placode were 
approximated and sutured to form a closed cavity. The 
dura was then closed and no signs of  CSF leak were evi-
dent after valsalva. Finally, the fascial layers and skin were 
re-approximated; some trimming of  the excess skin was 
necessary. The operation was completed without compli-
cations and the patient’s recovery was monitored in the 
neonatal intensive care unit.

Post-operative course
A genetic evaluation for achondroplasia was positive for a 
mutation of  the FGFR3 gene on chromosome 4 showed 
a glycine to arginine substation mutation at the 380th 
amino acid residue confirming a diagnosis of  achondro-
plasia. It was not immediately clear if  the CM Ⅱ was 
related to the patients’ concomitant achondroplasia. The 
patient was monitored post-operatively for 6 d. During 
that period the fontanelles remained soft and there were 
no signs of  increased intracranial pressure (ICP). The 
patients’ family was counseled on the symptoms of  hy-
drocephalous and the patient was discharged home with 
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Figure 1  Pre-operative magnetic resonance imaging imaging of the patient to evaluate and screen for anatomical abnormalities. A: Axial T2 MRI of the head 
at birth demonstrating no signs of hydrocephalus; B: Sagittal T1 MRI of the head and neck at birth with evidence of a tight cervicomedullary junction, a small posterior 
fossa, and hypoplastic corpus callosum and cerebellar vermis; C: Sagittal T2 MRI of the spine at birth demonstrating a large 7 cm × 7 cm sacral myelomeningocele 
with evidence of tethering. MRI: Magnetic resonance imaging.
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instructions to follow up in 2 wk.

Progressive hydrocephalus
In the subsequent weeks, the patient had bi-weekly clini-
cal and ultrasound exams which were normal. At 8 wk 
however, the patients head circumference was in the 97th 

percentile, the anterior fontanelle was full and pulsatile 
with signs of  sagittal suture splaying, but the patient had 
no signs of  respiratory distress. A T2 MRI (Figure 2A) 
showed evidence of  ventriculomegaly with increased 
extra-axial spacing. Given the physical exam and radio-
graphic findings we placed a ventriculoperitoneal (VP) 
shunt in the right lateral ventricle without incident. 

After discharge the patient was monitored with serial 
MRIs (Figure 2B, C) which demonstrated subtle but con-
tinued ventriculomegaly. During this time the patient was 
asymptomatic and had normal exam findings.

Shunt failure
Four months following shunt placement, the patient was 
found to have an enlarged head circumference that mea-
sured above the 95th percentile. The patient was reported 
to be less active than usual and the anterior fontanelle 
was full but soft. A T-2 MRI demonstrated the VP shunt 
catheter was no longer in the lateral ventricle; subse-
quently, the lateral and third ventricle had enlarged (Figure 
2D) and there was evidence of  encroachment of  the cer-
ebellar tonsils into the spinal canal. The patient required 
shut revision, which was completed without complica-
tions. At the time of  the shunt revision, somatosensory 
evoked potentials were within normal limits and Chiari 
decompression was not carried out.

The patient is now 10 mo old and we continue to 
monitor his head circumference which has stabilized 
since shunt revision.

DISCUSSION
Genetic associations
Embryogenesis is a complex physiologic phenomenon 

that is subject to a wide range of  exogenous and endog-
enous forces that can have significant impact on devel-
opmental outcomes. At times, these changes are so gross 
they can be detected in-utero as in the case of  a CM Ⅱ, 
in which a myelomeningocele is evident in pre-partum 
ultrasound. Conversely, in conditions like achondroplasia, 
developmental changes become apparent shortly after 
birth. Although the exact mechanism by which these ef-
fects take place are not entirely delineated, understanding 
them is crucial to the development of  preventive and 
therapeutic strategies.

As in our case, almost all cases of  achondroplasia 
are due to a substitution mutation of  the 380th amino 
acid Gly for an Arg residue, which resides in the trans-
membrane domain of  the receptor protein[2,3]. Gene 
expression studies in mice have shown elevated levels of  
mRNA encoding the FGFR3 protein in the rudimentary 
cartilage of  all premature bone during organogenesis[10]. 
The effects of  achondroplasia on the developing cal-
varium can produce signs and symptoms similar to those 
seen in CM Ⅱ. In addition to the characteristic macroce-
phalic changes commonly seen, changes in the shape and 
size of  the foramen magnum, cervical stenosis, cervico-
medullary compression and upward herniation of  the 
brainstem are common[8,11].

Although there are several proposed hypotheses 
describing the pathogenesis of  CM Ⅱ, the exact mecha-
nism remains elusive. Animal models have demonstrated 
that open neural tube defects (NTD) are causative in 
the case of  CM Ⅱ. NTD that were surgically created 
in mouse, rat, and sheep models replicate the hindbrain 
herniation through the foramen magnum that is stereo-
typical of  CM Ⅱ[12-14]. This finding has two important 
implications; firstly it lends considerable evidence to the 
widely accepted “unified theory” of  CM Ⅱ[6]. This theory 
alleges the loss of  CSF through the open caudal NTD 
causes a subsequent drop in ICP. This loss of  pressure at 
a critical point during fetal development results in poor 
cranial vault expansion culminating into a small posterior 
fossa. The unexpectedly narrowed posterior fossa leads 
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Figure 2  T-2 weighted magnetic resonance imaging demonstrating shunt failure and progression of hydrocephalous over the course of 4 mo of treatment. 
A: Pre-shunting axial T-2 weighted MRI ordered after patient had increased head circumference and suture splaying demonstrating ventriculomegaly; B, C: Subtle in-
crease in ventricular size at 2 wk (B) and 6 wk post-shunting (C); D: At 4 mo post-operative shunting with significant increase in ventriculomegaly and extra axial fluid 
spacing. MRI: Magnetic resonance imaging.
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to the caudal displacement of  the brainstem and cerebel-
lum through the foramen magnum[6]. Secondly, the causal 
relationship of  NTD and CM Ⅱ has valuable corollar-
ies for prevention. Folic acid supplementation has been 
found to reduce the incidence of  NTD by 70%[15]. The 
incidence of  CM Ⅱ has not been well studied to deter-
mine whether the expected decrease exists following the 
increased use of  folic acid supplementation. 

Due to the association of  folic acid and NTD, there 
has been considerable research evaluating the role of  en-
zymes and transport proteins involved in its metabolism, 
namely MTRR, MTHFD1 and FOLR1-2[16]. However, 
these genes appear to have little relation to those of  
achondroplasia and make up only a small portion of  can-
didate genes. The genetic causes of  NTD appear to be far 
more complex and varied than originally anticipated; over 
200 gene mutations in mice are known to cause NTD[17]. 
Similarly in humans, NTD defects arise in the setting 
of  multiple syndromes (Pallister-Hall, Walker-Warburg 
and Fanconi anemia among others) and chromosomal 
abnormalities including Trisomies 13 and 18[18-20]. Of  the 
wide range of  potential gene candidates we focused on 
reports of  mutations involving chromosome 4, where 
the FGFR3 gene is located. In a small series of  5 autopsy 
reports of  fetuses with Wolf-Hirschhorn syndrome due 
to partial mutations (deletion/substitution) of  the short 
arm of  chromosome 4,  three patients had sacral dimples, 
while 2 had partial or complete agenesis of  the corpus 
callosum, all patients exhibited growth retardation, and 
had consistent craniofacial abnormalities including frontal 
bossing[21]. Furthermore, reports of  achondroplasia and 
other spinal dysraphisms exist including tethered cords 
and lipomas indicating the range of  phenotypes that en-
sue from genetic mutations in this region[22,23]. 

Familial studies of  Chiari malformations are limited 
mainly to Chiari I malformations, as such, the genetics of  
CM Ⅱ are not as well characterized. Animal models have 
suggested possible gene candidates. The Splotch mouse 
model for example can produce NTD and the hindbrain 
herniation characteristic of  the CM Ⅱ[6]. The genetic mu-
tation responsible for this phenotype in mouse models 
was mapped to the human Pax-3 gene on chromosome 1, 
encodes transcription factors which play various roles in 
embryogenesis[24,25]. Further studies in humans however, 
demonstrated that mutations in Pax-3 generate distinct 
features not commonly seen in CM Ⅱ, namely deafness 
and abnormal pigmentation which were later character-
ized into a distinct Waardenburg Syndrome[25,26]. 

Clinical management
Given our patients’ concurrent conditions, the concern 
for hydrocephalus was high. Brainstem herniation as a re-
sult of  hydrocephalus in both CM Ⅱ and achondroplasia 
can be acutely progressive, and greatly increases the risk 
of  apneic spells and acute respiratory failure[1,11,27]. At the 
time of  presentation we believed the degree of  cervico-
medullary constriction present did not warrant surgical 
Chiari decompression, as a result the patient underwent 

myelomeningocele repair with acute follow-up. Although 
our patient ultimately required CSF diversion, there 
were no overt signs of  respiratory distress, spasticity, or 
dysphagia which would warrant a surgical Chiari decom-
pression. In a large series of  148 patients with CM Ⅱ, 
only 14% of  patients required surgical decompression[7]. 
Treating the obstructive hydrocephalus by shutting is a 
more common method that is associated with fewer risks. 
In a series of  71 cases of  CM Ⅱ, 64 (90%) patients had 
hydrocephalus, 89% of  which required VP shunting[28]. 
As in our case, shunt placement necessitates close follow-
up and thorough patient education. Unfortunately, our 
patient experienced shunt failure due to tip migration, a 
risk associated with this treatment. A large series of  1015 
patients who underwent VP shunting reported a failure 
rate of  46.3%, in the pediatric group however, failure 
rates were reported to be 79.2%, the majority of  which 
occurred in the first 6 mo[29]. Importantly, in patients 
with spinal dysraphisms, as in our case, failure rates were 
84.8%[29]. At last follow up (10 mo) the patient was symp-
tom free with signs of  improved CSF outflow. Due to the 
compounding effects of  both underlying conditions on 
the potential hydrocephalus we continue to monitor the 
patient with routine monthly follow-up.

In conclusion, both achondroplasia and the CM Ⅱ 
are relatively common as independent conditions; how-
ever, they very rarely occur concomitantly. Importantly, 
the CM Ⅱ is a consequence of  NTDs which appear to 
have multifocal genetic and environmental etiologies. Al-
though the genes involved in achondroplasia appear to be 
distinct from those of  the CM Ⅱ, due to the complexity 
of  embryologic development, there may be key interac-
tions between the downstream pathways which may ac-
count for some of  the similar anatomic changes seen at 
the cervicomedullary junction. As such the management 
of  the potential hydrocephalus that may arise within pa-
tients with this unique predisposition requires acute and 
diligent follow up and patient education.

COMMENTS
Case characteristics
A newborn boy presented with macrocephaly, short limbs, and a sacral mass.
Clinical diagnosis
Concurrent achondroplasia and Chiari Ⅱ malformation.
Differential diagnosis
Myelomeningocele has a unique gross presentation however a sacrococcygeal 
teratoma should be considered and the two conditions can be easily differenti-
ated using magnetic resonance imaging. The differential of a newborn with 
macrocephaly is quite large and includes congenital infections, obstructive 
hydrocephalus, metabolic conditions (Canavan’s disease, Alexander’s disease, 
etc.), and osteogenensis imperfecta are only a few to consider.
Laboratory diagnosis
A genetic test indicated a missense mutation of the FGFR3 gene on chromo-
some 4 confirming a diagnosis of Achondroplasia.
Imaging diagnosis
MRI of the head and spinal column confirmed a diagnosis of Chiari Ⅱ malfor-
mation.
Treatment
Surgical myelomeningocele repair and ventriculoperitoneal shunting due to 
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hydrocephalous is a standard treatment.
Related reports
This is the first reported case of both a Chiari Ⅱ malformation and achon-
droplasia in the same patient. Cases of concurrent Chiari I malformation and 
achondroplasia have been reported in references 7 and 8.
Term explanation 
Spina bifida is an incomplete closure of the spine during embryogenesis. A my-
elomeningocele is a form of spina bidifia that includes a herniation of the spinal 
meninges through the spinal defect. 
Experiences and lessons
Shunt failure is more common in pediatric patients with spinal dysraphisms, 
generally occurring within the first 6 mo.
Peer review
The manuscript of Awad et al describes a neonate case with concomitant 
achondroplasia and Chiari Ⅱ malformation. According to a literature review 
performed by the authors this is the first case report of a patient with this com-
bination. This is definitely an interesting case that is thoroughly documented. 
Everything seems to be very well described.
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Abstract
The management of patients with non-progressive met-
astatic colorectal cancer after six months of treatment 
has not yet been codified.  The most relevant concerns 
are the effectiveness of maintenance vs  discontinua-
tion, and the tolerability of prolonged treatment. Here 
we report the case of a 72-year-old man affected by 
colorectal cancer with lung metastases who achieved a 
complete response after receiving capecitabine, oxalipl-
atin and bevacizumab for six months, and bevacizumab 
alone for six months. Bevacizumab was continued as 
maintenance regimen for more than three years. It was 
discontinued because of an arthroplasty. Fifty-eight 
months after beginning first-line treatment, the patient 

remains free from relapse. Adverse effects were mini-
mal and easily controlled.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Metastatic colorectal cancer; Bevacizumab; 
Maintenance

Core tip: A colorectal cancer patient with lung metasta-
ses received bevacizumab combined with chemothera-
py for six months, and then bevacizumab monotherapy 
as maintenance treatment for more than three years. 
The patient achieved a complete response without evi-
dence of side effects. He remains relapse free 58 mo 
after diagnosis.
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INTRODUCTION
The management of  metastatic colorectal cancer (mCRC) 
has evolved over the past decade[1]. Patients receiving iri-
notecan[2], oxaliplatin[3] and fluorouracil achieve the best 
outcome (median survival, approximately 21 mo), regard-
less of  treatment sequence[4]. Adding biological drugs 
such as anti-vascular endothelial growth factor (VEGF) 
or anti-epidermal growth factor receptor (EGFR) mono-
clonal antibodies to chemotherapy improved survival 
further[5]. The anti-VEGF monoclonal antibody bevaci-
zumab significantly prolonged survival when added to 
first-line[6] or second-line chemotherapy[7]. Recent clinical 
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trials showed a clinical benefit in patients receiving beva-
cizumab even beyond progression[8,9]. 

Although often used in clinical practice, maintenance 
therapy in non-progressive patients after four-six months 
of  chemotherapy ± biological drugs is not yet codified 
in terms of  duration (indefinitely until disease progres-
sion?) and type of  drugs (same chemotherapy regimen, 
simplified chemotherapy, targeted drug alone?). The most 
relevant concerns are the effectiveness of  maintenance 
vs discontinuation, and the tolerability of  such prolonged 
treatment.

Here, we report the case of  a 72-year-old man af-
fected by mCRC who obtained a complete response after 
treatment with capecitabine, oxaliplatin and bevacizumab 
for six months, followed by bevacizumab alone for a fur-
ther six months. He then continued with bevacizumab as 
maintenance treatment for the following three years with 
no evidence of  disease relapse or toxicity.

CASE REPORT
In October 2008, a 72-year-old man underwent left hemi-
colectomy for an obstructing mass located at the sig-
moid-rectal junction. The pathological diagnosis was an 
undifferentiated (G3) adenocarcinoma, invading through 
the muscularis mucosae up to the peri-colic fat tissue 
(pT3); 12 nodes were isolated, all of  which were meta-
static (pN2). Radiological staging by contrast enhanced 
CT-scan showed several lung lesions (4 measurable) up to 
20 mm in diameter (Figure 1). No liver metastases were 
detected.  KRAS mutational status showed a mutation in 

codon 12 of  exon 2.
The patient was referred to the Division of  Medical 

Oncology of  the University of  Naples “Federico II” in 
November 2008 to begin first-line chemotherapy. He was 
in good condition (ECOG performance status = 1), and 
was only taking an ACE-inhibitor for arterial hyperten-
sion. Serum tumor markers exceeded the upper normal 
level: CA19.9 was 54 U/L (normal values < 37 U/L), and 
CEA 23.3 ng/mL (normal values < 5 ng/mL).

He began chemotherapy with the XELOX + beva-
cizumab schedule (capecitabine 1000 mg/m2 twice daily, 
days 1-14; oxaliplatin 130 mg/m2, and bevacizumab 7.5 
mg/kg day 1, every 21 d). The work-up consisted of  
blood cell count and hematology before each cycle, and 
CT-scan every three months (or four cycles). Arterial 
blood pressure was measured before and after beva-
cizumab administration on day 1 and, thereafter, once 
daily with an electronic sphygmomanometer. The worse 
adverse events were: grade 1 peripheral neuropathy, grade 
2 arterial hypertension, grade 1 hand-foot syndrome and 
grade 2 thrombocytopenia. Due to the worsening of  arte-
rial hypertension after the first treatment cycle, a diuretic 
and a calcium channel blocker were added to the anti-
hypertensive treatment, which resulted in good blood 
pressure control. Bevacizumab administration remained 
unchanged, and blood pressure was well controlled.

Re-staging performed by whole-body CT scan after 
the fourth and the eighth (Figure 2) cycle of  treatment 
showed a stable disease according to RECIST crite-
ria. Thus, after completing eight courses (six months), 
capecitabine and oxaliplatin were discontinued and main-
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Figure 1  Thorax computed tomography-scan before starting chemotherapy (October 2008).



tenance with bevacizumab alone (7.5 mg/kg every 21 d) 
was started. During the maintenance period, re-staging by 
whole-body CT scan was scheduled every three months. 

In September 2009, the CT scan showed a significant 
reduction of  the maximum diameter of  the four measur-
able lung metastases (Figure 3), which were no longer 
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Figure 2  Thorax computed tomography-scan after 8 cycles of treatment. Note stabilization of the disease according to RECIST criteria (June 2009).

Figure 3  Thorax computed tomography-scan after two months of maintenance treatment. Note a partial regression of disease according to RECIST criteria 
(September 2009).
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detected after a further 3 mo of  treatment (November 
2009) (Figure 4). 

The patient continued with bevacizumab for the fol-
lowing 44 mo, remaining free from metastases (Figure 5), 
and without reporting any adverse event. Serum marker 
levels mirrored the outcome of  the lung metastases 
throughout treatment and follow-up (Figure 6). In Janu-
ary 2013, bevacizumab was discontinued to enable the 
patient to undergo hip arthoplasty because of  right cox-
arthrosis. Currently (June 2014), 68 mo after diagnosis, 
the patient has a good ECOG performance status with 
no evidence of  metastatic disease (Figure 7). He attends 
follow-up controls every three months. 

DISCUSSION
Here we report the case of  a 72-year-old man with mul-
tiple lung metastases from a colon adenocarcinoma who 
achieved a complete radiological response after 12 mo of  
treatment:  six with chemotherapy plus bevacizumab and 
six with bevacizumab alone. Bevacizumab alone was con-
tinued as maintenance therapy with bevacizumab alone 
for 44 mo, and patient experienced only a few side effects 
that were easily managed, and he enjoyed a good quality 
of  life throughout the entire course of  treatment.

Bevacizumab in combination with fluoropyrimidine-
based chemotherapy is indicated for the treatment of  pa-
tients with metastatic carcinoma of  the colon or rectum, 
and it is recommended that treatment be continued until 
disease progression or unacceptable toxicity. However, 

when used as monotherapy, bevacizumab is not known 
to induce tumor regression or disappearance[7].

Saltz et al[10] reported that the addition of  bevacizum-
ab to an oxaliplatin-based regimen in the first-line setting 
significantly prolonged median progression-free survival 
(9.4 mo vs 8.0 mo; P = 0.0023), but did not significantly 
improve overall survival or the response rate[10]. How-
ever, many patients discontinued bevacizumab combined 
with chemotherapy for reasons other than progression 
or toxicity. A pre-defined analysis of  on-treatment pa-
tients showed a much higher magnitude of  benefit in 
progression-free survival for treatment until progression 
(HR = 0.63) than pre-progression discontinuation (HR 
= 0.83), which suggests that it is important to continue 
bevacizumab to maximize the benefit of  its addition to 
chemotherapy[10].

The role of  maintenance therapy in mCRC is still 
controversial. The most recent ESMO consensus guide-
lines suggest that treatment discontinuation or mainte-
nance are feasible options after 4-6 mo of  full-dose first-
line therapy[11]. Two randomized trials-MACRO[12], and 
DREAM[13]-support the role of  maintenance with bevaci-
zumab alone[12] or with erlotinib[13]. 

However, the magnitude of  the benefit of  mainte-
nance therapy over the discontinuation approach has 
been addressed in 3 clinical trials, comparing maintenance 
with complete treatment discontinuation. The CAIRO 3 
trial after a 4 mo’ period of  treatment (CAP-OX plus be-
vacizumab regimen) randomized not progressive patients 
to maintenance with capecitabine plus bevacizumab or 
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Figure 4  Thorax computed tomography-scan after 4 mo of maintenance treatment. The disease has completely regressed according to RECIST criteria (No-
vember 2009).
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no further therapy. First and second progression-free 
survival times and time to second progression were im-
proved in the maintenance arm.

The SAKK (41/06) trial was designed to demonstrate 
the non-inferiority of  complete discontinuation of  treat-
ment as compared to maintenance with bevacizumab a 
after 4-6 mo of  chemotherapy plus bevacizumab. The 
non-inferiority was not statistically demonstrated, sug-
gesting that maintenance with bevacizumab might be 
considered an appropriate option.

At ASCO 2014 the results of  AIO0207 were pre-

sented. After 24 wk of  induction therapy with fluoropy-
rimidines, oxaliplatin and bevacizumab, maintenance with 
fluoropyrimidines plus bevacizumab was compared with 
bevacizumab alone or with complete discontinuation. 
Maintenance treatment with fluoropyrimidines and beva-
cizumab prolongs progression free survival and time to 
failure of  strategy with respect to complete discontinua-
tion.

When we decided the maintenance strategy for our 
patient, there was no information available about the role 
of  fluoropyrimidines in this condition, therefore only be-
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Figure 5  Thorax computed tomography-scan showing the complete response after discontinuing bevacizumab (January 2013).
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vacizumab was continued.  Of  note, our patient achieved 
a complete response after 12 mo of  treatment and a very 
long progression-free survival, which supports continu-
ing bevacizumab after stopping chemotherapy. 

Another issue we were able to address is the tolerabil-
ity of  very long treatment with bevacizumab. Our patient 
was 72-year-old when metastatic disease was diagnosed, 
and was affected by arterial hypertension. Bleeding, hy-
pertension and venous thromboembolic events are the 
most frequent side effects of  bevacizumab recorded, also 
in a randomized clinical study[14]. Although hypertension 
was much more frequent in patients treated with beva-
cizumab than in controls, only arterial thromboembolic 
events were significantly higher in the bevacizumab-treat-
ed patients aged ≥ 70 years (6.7% vs 3.2% in the control 
group)[14]. It is noteworthy that patients enrolled in clinical 
trials are selected for their very good conditions, and with 
very limited comorbidities. However, similar results were 
in that BRITE observational study, where only a modest 
increase of  arterial thromboembolic events was observed 
in elderly patients: unadjusted rate per 100 patients-years 
was 1.4 for patients < 75 years old, 4.0 for patients aged 
75-80, and 4.8 for older patients)[15]. Moreover, in the 
BRITE study, the median time to occurrence of  bleeding 
and arterial thromboembolic events was about 5 mo and 
the risk of  cardiovascular side effects did not increase 
with the duration of  bevacizumab treatment[15]. 

The AVEX trial[16] was the first phase Ⅲ trial to pro-
spectively evaluate the use of  bevacizumab in elderly 
patients (≥ 70-year-old) affected by mCRC. Bleeding 
(25.4%), arterial hypertension (19.4%), venous throm-

boembolic (11.9%) and arterial thromboembolic events 
(4.5%) were the most common all-grade adverse events 
in the cohort of  140 patients receiving bevacizumab[16]. 

In our patient, arterial hypertension worsened after 
the first administration of  bevacizumab, and was success-
fully managed with anti-hypertensive therapy, without 
discontinuing bevacizumab.

In conclusion, our report, although based on a single 
patient, supports the feasibility and, possibly, the benefit 
of  continuing bevacizumab as maintenance treatment 
for a very long period. Moreover, the case reported here 
suggests that this regimen can be administered even in 
elderly patients provided they are fit. Indeed, they can 
have the same benefits as adult subjects, possibly without 
a significant increase in toxicity.
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Figure 7  Thorax computed tomography-scan, showing the response at 60 mo since diagnosis (September 2013).
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Abstract
In the last years, operative laparoscopy became a stan-
dard approach in gynaecology and general surgery. 
Even in pregnancy its use is becoming more widely 
accepted. In fact, it offers advantages similar to those 
in no pregnant women, associated with good maternal 
and fetal outcomes. Around 0.2% of pregnant women 
require abdominal surgery. The most common indica-
tions of laparoscopy in pregnancy are cholelithiasis 
complications, appendicitis, persistent ovarian cyst and 
adnexal torsion. Authors describe a very rare case of 
acute abdomen due to isolated Fallopian tube torsion 
in a 24th weeks pregnant woman, managed by laparo-
scopic salpingectomy.   

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Authors describe a very rare case of acute 
abdomen due to isolated Fallopian tube torsion in a 
24th weeks pregnant woman, managed by laparoscopic 
salpingectomy. In all literature the most recent estima-
tion for its incidence dates from 1970, when Hansen 

estimated 1 per 1.5 million women to have isolated 
Fallopian tube torsion in Denmark. And since 1933 only 
25 cases of Fallopian tube torsion in pregnant women 
were described.

Sidiropoulou Z, Setúbal A. Acute abdomen in pregnancy due to 
isolated Fallopian tube torsion: The laparoscopic treatment of a 
rare case. World J Clin Cases 2014; 2(11): 724-727  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i11/724.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i11.724

INTRODUCTION 
The Fallopian tube torsion is a rare cause of  acute abdo-
men and even more rare during pregnancy. In 1933, Re-
gad )[1] reported 201 cases of  tubal torsion, 12% of  these 
occurred in pregnant women (n = 24). Since 1933 until 
2013 only 25 cases were described.

The etiology is uncertain, but some authors descri-
bed factors that could be implicated in the occurrence 
of  Fallopian tube torsion. Some of  them are intrinsic of  
the tube like congenital anomalies or acquired pathology 
(hidrosalpinx, hematosalpinx, neoplasm, surgery) or au-
tonomic dysfunction and abnormal peristalsis; and other 
are extrinsic like adhesions, pregnancy, mechanical fac-
tors, movement or trauma to the pelvic organs or pelvic 
congestion[2,3].

Since the Fallopian tube torsion is a rare condition 
and sporadic cases are reported, its real incidence is unk-
nown, and it seems that it is more frequent in the repro-
ductive age, which is understandable because almost all 
risk factors are not frequent before menarche or during 
menopause[3]. 

The clinical characteristics, the laboratory or the im-
aging studies are not specific, so the diagnosis is difficult. 
The acute abdominal pain at the lower quadrants is the 
most common symptom, with sensitive painful palpa-
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tion of  the same abdominal area. As the clinical and the 
complementary study are not specific, the definitive di-
agnosis can be made by laparoscopy. The authors think 
that, at the present time, laparoscopy in the setting of  
experienced and dedicated teams should be the standard 
approach for this situation, even in pregnant women.

We described a case of  a 24 wk pregnancy with a right 
Fallopian tube torsion which was managed by laparosco-
pic salpingectomy. 

CASE REPORT 
A 36-year-old healthy primigravida, with an uneventful 
pregnancy until the 24th week of  pregnancy. At this time 
she complained of  a persistent right flank abdominal pain 
with a sudden increase. Physical examination revealed ab-
dominal enlargement compatible with pregnancy age and 
a painful right mid abdominal quadrant palpation, with 
tenderness and without palpable masses. 

The ultrasound study revealed a single, life fetus, with 
a biometry compatible to a 24 wk pregnancy, with normal 
amniotic fluid volume and with a normal placenta with 
no signs of  abruption; and in the right lower area it sho-
wed a cystic structure measuring 4 cm × 3 cm in diame-
ter, probably with an adnexial origin. The MRI confirmed 
the cystic image, without anyother pathology (Figure 1). 
Because pain persists, laboratory findings were unspecific 
and physical examination then was a persisting pain with 
poor tenderness and peritoneal reaction (acute abdominal 
pain), two diagnoses were made - acute appendicitis and 
adnexal torsion. 

 A diagnostic laparoscopy was then performed. Be-
cause the uterus extends 5 cm above the umbilicus, this 
fact limits the abdomen first entrance, so a direct entran-
ce in the umbilicus could accidental damage the uterus. 
Alternative Palmer point or the 9th intercostal space is 
also dangerous because the big pregnant uterus push all 
the abdominal viscera up. The surgery that we described 
was an emergent situation, the bowel was not prepared, 
the viscera distortion was bigger. So the decision was to 
perform the open technique with the Hasson trocar. The 
problem was identified by the diagnostic laparoscopy 

and then the auxiliary trocars were placed underdirect 
vision and according to the best ergonomic approach for 
the salpingectomy (Figure 2). We decided to perform a 
salpingectomy because of  the gangrenous aspect of  the 
tube as consequence of  its pedicle torsion (Figure 3), 
without any macroscopic changes of  the appendix. The 
specimen was extracted with a laparoscopic bag. The 
patient was discharged on the second day after surgery 
without any complains or surgical and obstetric compli-
cation. The reason for two days of  hospital stay was ba-
sed on the diagnosis in a 24th week pregnant woman and 
immediate control of  fetal well-being. 

The histopathologic examination of  the specimen 
showed a necrotic tube, secondary of  a paraovarian cyst 
torsion. She delivery a healthy, 3350 g, baby at the 40th 
week of  pregnancy by an instrumental vaccum vaginal 
delivery because of  a progressive distocia at the 2nd stage. 
No maternal or fetal complications occurred at the peri-
partum period. 

DISCUSSION 
Isolated torsion of  Fallopian tube is a very uncommon 
condition, even more rare in pregnant women. In all lite-
rature the most recent estimation for its incidence dates 
from 1970, when Hansen[4] estimated 1 per 1.5 million 
women to have isolated Fallopian tube torsion in Den-
mark. And since 1933 only 25 cases of  Fallopian tube 
torsion in pregnant women were Described[2,5,6]. Since 
this is a very rare situation, probably the series published 
underestimate the real incidence of  this pathology. 

Other aspect hard to describe is its etiology. Its real 
cause is uncertain and it can happen in healthy tubes, but 
some risk factors were described as possible causes. This 
factors were divided in two types: internal or intrinsic like 
congenital anomalies (excessive length of  tube or spiral 
course), acquired pathology (hidrosalpinx, hematosalpinx, 
neoplasm, surgery) or autonomic dysfunction and ab-
normal peristalsis; and external or extrinsic factors such 
as changes in neighboring organs (neoplasm, adhesions, 
pregnancy), mechanical factors, movement or trauma to 
the pelvic organs or pelvic congestion[2,3,7].

Although the clinical characteristics are not exclusive 
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Figure 1  Cystic structure on the right adnexa (magnetic resonance imag-
ing image). 

Figure 2  The abdominal sites of the auxiliary trocares.



of  the Fallopian tube torsion, the most common symp-
tom is the lower abdominal pain, generally with a sudden 
onset and accompanied by nausea, vomiting or urinary 
urgency[2,3]. Physical findings include abdominal tender-
ness, with or without peritoneal signs and an inconstant 
palpable mass[2,3].

  All this clinical signs and symptoms are common 
with other medical conditions and give the physician a 
differential diagnosis problem, which includes ovarian 
torsion, acute appendicitis, ectopic pregnancy, acute sal-
pingitis, tuboovarian abscess, ruptured ovarian cyst, de-
generated leiomyoma, urolithiasis, intestinal obstruction 
or perforation[7-9]. Laboratory values are nonspecific and 
do not help in the differential diagnosis[7,9]. The sono-
graphic findings of  isolated Fallopian tube torsion are 
not pathognomonic and are quite variable[9], especially in 
second and third trimesters of  pregnancy, where the ad-
nexas are more difficult to visualize. But the finding of  a 
high impedance or absence of  flow in a tubular structure, 
especially in a patient with a history of  tubal ligation, can 
be indicative of  the diagnosis[10,11]. 

 Pre-operative diagnosis of  tubal torsion is very di-
fficult and as its management is surgical the diagnostic 
laparoscopy is the tool for the definitive diagnosis and 
treatment[3], even in advanced pregnancies, like the case 
described. 

Until now, there are no prospective and randomized 
studies that compared laparoscopic procedures with 
laparotomy during pregnancy. Retrospective studies pu-
blished, show that laparoscopy in pregnancy appears safe 
and can be performed without a considerable increment 
in maternal and fetal complications. Mathevet et al[12] 
published the results of  48 laparoscopic procedures for 
management of  adnexal masses in pregnancy (17 cases 
were performed during the first trimester, 27 cases in the 
second trimester and 4 in the third trimester). Except 
one fetal loss 4 d after surgery, no complications were 
observed during the intra and post-operative periods 
and obstetrical outcomes were. So the authors conclu-
ded that laparoscopic management of  adnexal masses in 
pregnancy is a safe and effective procedure, performed 
by an experienced team. Similar conclusions were made 
by Lenglet et al[13] in a series of  26 pregnant patients who 

underwent the laparoscopic surgery of  ovarian cysts.
Despite the limited data, it seems that laparoscopic 

surgery in pregnancy, in experienced hands, is a technique 
acceptable with some advantages, including early return 
of  bowel function, early ambulation, short hospital stay, 
rapid return to normal activity, low rate of  wound in-
fection and hernia and less pain after the procedure[14,15]. 
Another advantage of  laparoscopy is the lesser manipula-
tion of  the uterus which leads to less uterine contractions, 
so less spontaneous abortion, preterm labor and prema-
ture delivery[14]. However laparoscopy during pregnancy 
should be performed with caution and some precautions 
should be taken like: routinely intraoperative fetal moni-
toring, attention with patient position (for example, the 
lateral decubitus position should be preferred to prevent 
inferior vena cava compression), the Hasson trocar open 
technique seems to be safer to prevent inadvertent punc-
ture of  the uterus (but no studies showed a real advanta-
ge under the Veress technique), intra-abdominal pressure 
should be kept less than 15 mmHg, maternal end- tidal 
volume CO2 should be monitored and kept within the 
normal range, depending on the height of  the uterus the 
secondary trocars should be inserted under direct vision 
and their position decided according to the uterus size 
and the position of  the abnormal findings. The adminis-
tration of  prophylactic tocolytics is not necessary; it can 
be given if  there is evidence of  uterine contractions[14,16].  

In conclusion, isolated Fallopian tube torsion should 
be considered as a possible diagnosis of  acute abdominal 
pain in pregnancy. The diagnostic laparoscopy is the gold 
standard for its definitive diagnosis and allows the tube 
torsion resolution with a minimal invasive technique, 
even in pregnant women.

COMMENTS
Case characteristics
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Abstract 
Abdominal cocoon syndrome is a rare cause of intes-
tinal obstruction with unknown etiology. Diagnosis of 
this syndrome, which can be summarized as the small 
intestine being surrounded by a fibrous capsule not 
containing the mesothelium, is difficult in the preopera-
tive period. A 47-year-old male patient was referred to 
the emergency department with complaints of abdomi-
nal pain, nausea, and vomiting for two days. The ab-
dominal computed tomography examination detected 
dilated small intestinal loops containing air-fluid levels 
clustered in the left upper quadrant of the abdomen 
and surrounded by a thick, saclike, contrast-enhanced 
membrane. During exploratory surgery, a capsular 
structure was identified in the upper left quadrant with 
a regular surface that was solid-fibrous in nature. Ab-

dominal cocoon syndrome is a rarely seen condition, 
for which the preoperative diagnosis is difficult. The 
combination of physical examination and radiological 
signs, and the knowledge of “recurrent characteristics 
of the complaints” that can be learned by a careful his-
tory, may be helpful in diagnosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intestinal obstruction; Abdominal cocoon 
syndrome; Preoperatively diagnosis; Adult patient

Core tip: Abdominal “cocoon” is an extremely rare 
cause of small bowel obstruction. It should be thought 
of as a rare cause of small bowel obstruction. Its di-
agnosis is rarely made preoperatively. It has been re-
ported mainly in young adolescent women. But in this 
adult patient, the small bowel is encased in a fibrous 
sac called an abdominal cocoon. The clinical manifesta-
tions of abdominal “cocoon” are non-specific. The com-
bination of physical examination and radiological signs, 
and the knowledge of “recurrent characteristics of the 
complaints” which can be learned by a careful history, 
may be helpful in diagnosis. Surgery remains the main 
stay of treatment with satisfactory outcome.

Uzunoglu Y, Altintoprak F, Yalkin O, Gunduz Y, Cakmak G, 
Ozkan OV, Celebi F. Rare etiology of mechanical intestinal 
obstruction: Abdominal cocoon syndrome. World J Clin Cases 
2014; 2(11): 728-731  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i11/728.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i11.728

INTRODUCTION 
Abdominal cocoon syndrome, which was first defined in 
1978[1], is relatively rare, with descriptions in the literature 

CASE REPORT

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.12998/wjcc.v2.i11.728

World J Clin Cases  2014 November 16; 2(11): 728-731
 ISSN 2307-8960 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

World Journal of
Clinical CasesW J C C

November 16, 2014|Volume 2|Issue 11|WJCC|www.wjgnet.com 728



limited to case reports. In this syndrome, a portion or 
all of  the small intestine is surrounded with a fibrocol-
lagenous membrane not containing the mesothelium. As 
it is rarely seen, and its clinical findings nonspecific, it is 
generally diagnosed during surgery[2]. However, it can be 
characterized by the membrane surrounding the small in-
testine with contrast-enhanced abdominal computerized 
tomography (CT) during the preoperative period. Surgical 
treatment that releases the small intestine by cutting away 
the adhesions after excision of  the membrane is the basic 
intervention in these cases. This article presents a case 
with abdominal cocoon syndrome diagnosed, following 
recurrent complaints, with abdominal CT during the pre-
operative period and surgically treated. 

CASE REPORT 
A 47-year-old male patient was referred to the emergency 
department with complaints of  abdominal pain, nausea, 
and vomiting for two days. The detailed medical history 
of  the patient, who did not have a known chronic sys-
temic disease or a previous history of  any abdominal pro-
cedures, revealed similar complaints dating back several 
years that recurred at certain time intervals and had been 

treated. Upon physical examination, there was asymmetri-
cal distension and general tenderness, especially prominent 
in upper regions of  the abdomen, with heightened intes-
tinal sounds. The laboratory examinations were normal, 
except for leukocytosis (14.300 mm3). Multiple air-fluid 
levels were detected on abdominal radiography, which was 
more prominent in the left upper quadrant (Figure 1). The 
abdominal CT examination detected dilated small intesti-
nal loops containing air-fluid levels clustered in the left up-
per quadrant of  the abdomen and surrounded by a thick, 
saclike, contrast-enhanced membrane. The left kidney was 
also located ectopically at the midline in the abdomen at 
the level of  the pelvis (Figures 2 and 3). During explor-
atory surgery, widespread adhesions with the peritoneum 
and small intestine could not be seen. Upon further ex-
ploration, a capsular structure was identified in the upper 
left quadrant with a regular surface that was solid-fibrous 
in nature. Only 20 cm of  the jejunal and ileal segments 
in the proximal and distal portions of  the small intestine 
were intra-abdominally localized. The remaining small in-
testinal segments were inside this structure and the greater 
omentum was hypoplastic (Figure 4). When the capsule 
was opened, the small intestinal segments inside the cap-
sule were dilated due to obstruction but otherwise normal 
in structure. The obstruction was caused by fibrous bands 
of  irregular thickness inside the capsule. The operation 
was completed after total excision of  the capsule and re-
moval of  the adhesions. The patient manifested clinical 
signs of  ileus on postoperative day 3 due to the adhesions. 
He was medically treated with nasogastric decompression 
and parenteral nutrition and discharged on postoperative 
day 12 without any problems. Upon histopathological 
examination, a nonspecific inflammatory reaction in con-
junction with fibrous connective tissue proliferation was 
found. On the third month of  his follow-up, the patient 
did not report any problems. 

DISCUSSION 
Abdominal cocoon syndrome is a rare cause of  acute or 
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Figure 1  Abdominal radiography, multiple air-fluid levels are seen, which 
was more prominent in the left upper quadrant.

Figure 2  Abdominal computerized tomography - coronal section; dilated 
small intestinal loops containing air-fluid levels clustered in the left upper 
quadrant of the abdomen and surrounded by a thick, saclike, contrast-
enhanced membrane in the sections close to the root of mesentery (white 
arrows). A: Superior; B: Inferior.

A B

A B

Figure 3  Abdominal computerized tomography - coronal section; dilated 
small intestinal loops containing air-fluid levels clustered in the left upper 
quadrant of the abdomen and surrounded by a thick, saclike, contrast-
enhanced membrane (A) (arrow). The left kidney was also located ectopically 
at the midline in the abdomen at the level of the pelvis (B) (arrow).



subacute intestinal obstruction, and its’ classified as pri-
mary (idiopathic) and secondary. Although the etiology 
is not precisely known, conditions that result in chronic 
asymptomatic peritonitis (such as: the use of  practalol, 
peritoneal dialysis, endometriosis, and abdominal tuber-
culosis) are risk factors. Moreover, accompanied by some 
diseases (systemic lupus erythematosus, familial Mediter-
ranean fever, infections of  the Fallopian tubes, retrograde 
menstruation) have also been reported[3-6] . In a two-case 
series reported by Yeniay et al[7], the greater omentum was 
absent, suggesting that genetic factors may also play a 
role in the etiology. Our case reports the role of  genetic 
factors since our patient developed chronic peritonitis 
without having any of  the known risk factors, the greater 
omentum was hypoplastic, and there was a locational ab-
normality in the left kidney.

The clinical presentation of  abdominal cocoon 
syndrome is generally acute or subacute intestinal ob-
struction. There is an increase in intestinal sounds and 
abdominal distension on physical examination. However, 
abdominal distension may be asymmetrical, as the small 
intestine is surrounded by a membrane and not mobile[8]. 

Common complaints during patient history include the 
recurrence of  nonspecific symptoms such as nausea and 
vomiting that spontaneously recover or respond to medi-
cal therapy. Chronic constipation, anorexia, weight loss, 
and intra-abdominal masses rarely present in these pa-
tients[9]. In the current case, there were signs of  intestinal 
obstruction associated with asymmetrical distension dur-
ing the physical examination of  the abdomen. 

As it is rarely seen and the clinical symptoms are non-
specific, diagnosis in the preoperative period is difficult. 
Clusters of  intestinal loops and a surrounding membrane 
in contrast-enhanced abdominal CT, especially multislice 
CT, are diagnostic[10]. An abdominal CT that is performed 
during the preoperative period provides both diagnosis 
and differential diagnosis, and determines the associated 
congenital changes, such as the midline location of  the 
left kidney in our case. This prevents undesirable com-
plications during surgery. However, in spite of  all oppor-
tunities, preoperative diagnosis is difficult and requires 

advanced radiological experience. In a retrospective study 
of  twenty-four cases, it was reported that only 16% of  
the cases could be preoperatively diagnosed[11]. 

There is a consensus that surgical treatment is ideal in 
these patients. The recommended procedure excises the 
membrane and unbinds the adhesions between intestinal 
segments[7,10]. However, this process requires great care, 
due to the general possibility of  secondary damage, as 
there are extensive adhesions between the membrane 
and between the intestinal segments. Bowel perforation, 
enterocutaneous fistula or sepsis occurring as a result of  
secondary damage, are among the complications that can 
be encountered during the postoperative period[3]. The 
recurrence of  the cocoon in the postoperative period is 
rare but the most probable complication is the obstruc-
tion of  small intestine due to adhesions. The current case 
revealed clinical signs of  ileus during postoperative day 3 
that responded to medical therapy. 

In conclusion, abdominal cocoon syndrome is a rarely 
seen condition, for which the preoperative diagnosis is 
difficult. The combination of  physical examination and 
radiological signs, and the knowledge of  “recurrent char-
acteristics of  the complaints” which can be learned by a 
careful history, may be helpful in diagnosis. It should be 
remembered that medical treatment will not be beneficial 
and definitive treatment requires careful surgical excision 
during the early stages of  the disease. 

COMMENTS 
Case characteristics
Patient was referred to the emergency department with complaints of abdomi-
nal pain, nausea, and vomiting for two days. 
Clinical diagnosis
Upon physical examination, there was asymmetrical distension and general 
tenderness, especially prominent in upper regions of the abdomen, with height-
ened intestinal sounds.
Differential diagnosis
The abdominal computerized tomography examination detected dilated small 
intestinal loops containing air-fluid levels clustered in the left upper quadrant 
of the abdomen and surrounded by a thick, saclike, contrast-enhanced mem-
brane.
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During exploratory surgery, widespread adhesions with the peritoneum and 
small intestine could not be seen.
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Please summarize imaging methods and major findings in one sentence.
Pathological diagnosis
When the capsule was opened, the small intestinal segments inside the cap-
sule were dilated due to obstruction but otherwise normal in structure.
Treatment
The operation was completed after total excision of the capsule and removal of 
the adhesions.
Term explanation 
Early diagnosis is important.
Experiences and lessons
It should be remembered that medical treatment will not be beneficial and 
definitive treatment requires careful surgical excision during the early stages of 
the disease. 
Peer review
The case report and the discussion are well-written.
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Figure 4  Intraoperative findings; small intestine could not be seen, a 
capsular structure was identified in the upper left quadrant with a regular 
surface that was solid-fibrous in nature.
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Abstract
Adenoid cystic carcinoma (ACC) of the breast is a rare 
special subtype of breast cancer characterized by the 
presence of a dual cell population of luminal and ba-
saloid cells arranged in specific growth patterns. Most 
breast cancers with triple-negative, basal-like breast 
features (i.e. , tumors that are devoid of estrogen re-
ceptor, progesterone receptor, and human epidermal 
growth factor receptor 2 expression, and express 
basal cell markers) are generally high-grade tumors 
with an aggressive clinical course. Conversely, while 
ACCs also display a triple-negative, basal-like pheno-
type, they are usually low-grade and exhibit an indo-
lent clinical behavior. Many discoveries regarding the 
molecular and genetic features of the ACC, including a 
specific chromosomal translocation t(6;9) that results 
in a MYB-NFIB  fusion gene, have been made in recent 
years. This comprehensive review provides our experi-
ence with ACC of the breast, as well as an overview of 
clinical, histopathological, and molecular genetic fea-
tures.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Adenoid cystic carcinoma; Breast; Triple-
negative and basal-like phenotype; Histology; Molecular 
genetic features

Core tip: Adenoid cystic carcinoma (ACC) of the breast 
is a rare, special subtype of breast cancer characterized 
by the presence of luminal and basaloid cells arranged 
in specific growth patterns. Although ACCs display a 
triple-negative, basal-like phenotype, these tumors are 
usually low-grade and exhibit an indolent clinical behav-
ior. Many discoveries regarding the molecular genetic 
features of the ACC, including a specific chromosomal 
translocation t(6;9) that results in a MYB-NFIB  fusion 
gene, have been made in recent years. This review pro-
vides our experience with ACCs, as well as an overview 
of its clinical, histopathological, and molecular genetic 
features.

Miyai K, Schwartz MR, Divatia MK, Anton RC, Park YW, Ayala 
AG, Ro JY. Adenoid cystic carcinoma of breast: Recent advances. 
World J Clin Cases 2014; 2(12): 732-741  Available from: URL: 
http://www.wjgnet.com/2307-8960/full/v2/i12/732.htm  DOI: 
http://dx.doi.org/10.12998/wjcc.v2.i12.732

INTRODUCTION
Invasive breast carcinoma comprises a heterogeneous 
group of  tumors with various clinical, morphologic, and 
molecular genetic features[1,2]. According to the 2012 
World Health Organization classification, invasive ductal 
carcinoma of  no special type (NST) is the most common 
histologic type, accounting for up to 75% of  all invasive 
breast carcinomas[3]. The remainder of  the invasive can-
cers represent at least 18 different special and rare histo-
morphologic subtypes, including adenoid cystic carcinoma 
(ACC), a salivary gland-type of  breast carcinoma[3]. 

A characteristic histologic pattern of  ACC of  the 
breast includes both epithelial and myoepithelial compo-
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nents and resembles a well-known tumor of  the salivary 
gland origin known by the same name. However, patients 
diagnosed with ACC of  the breast have a better prog-
nosis than those who are diagnosed with ACC of  the 
salivary gland[4-6]. ACC of  the breast belongs to the basal-
like subgroup of  breast cancers[7-9]. Based on extensive 
molecular and genetic profiling studies, basal-like tumors 
are most often hormone receptor [estrogen receptor (ER) 
and progesterone receptor (PR)] negative, do not express 
human epidermal growth factor receptor 2 (Her2), but 
express one or more basal/myoepithelial cell markers [e.g., 
cytokeratins (CKs) 5, 5/6, 14 and 17][10]. Unlike other tri-
ple-negative breast cancers that are associated with poor 
prognosis, ACC has an overall excellent prognosis[11]. Be-
cause of  these distinct clinicopathologic features that set 
it apart from the other triple-negative breast cancers, an 
understanding of  ACC of  the breast is essential for surgi-
cal pathologists, breast surgeons, and oncologists. This 
review will focus on ACC of  the breast and will outline 
important updates in its epidemiology, clinical features, 
histomorphologic/immunohistochemical characteristics, 
molecular genetic features, and prognosis/treatment. In 
addition, we will address our team’s experience with this 
clinical entity.

EPIDEMIOLOGY 
ACC is an uncommon subtype of  invasive breast car-
cinoma and accounts for less than 0.1% of  all primary 
carcinomas of  the breast[3,12,13]. Recently, several inde-
pendent studies based on large patient cohorts have 
provided more insight into its epidemiology and clinical 
characteristics[11,14-20]. This information, in the recent stud-
ies published in 2010 and after, is summarized in Table 
1. The reported age distribution for patients diagnosed 
with ACC of  the breast ranges from 38 to 81 years (with 
a median age of  60 years; Table 1) and is similar to that 
seen in other invasive breast cancer cases[3]. Moreover, 
a previous case series of  338 patients with ACC of  the 
breast conducted over a 30-year period identified its age-
adjusted incidence ratio (AAIR) to be 0.92 per 1 million 
person-years. The AAIR remained constant during the 
30-year period and was 39%, lower in African-Americans 
than in Caucasian-Americans[11]. Most cases are in fe-
males, but occasional cases have been reported in male 
patients[21,22]. 

CLINICAL FEATURES
ACC of  the breast affects the left and right breasts 
equally and tumors arise irrespective of  the breast quad-
rants. However, in about 50 percent of  patients, lesions 
are found in subareolar region[23]. Pain or tenderness 
described in the minority of  cases has not been corre-
lated with histologically-confirmed perineural invasion[24]. 
Mammographically, these tumors may appear as asym-
metric densities or irregular masses. Sonographically, 
they appear as well-defined, irregular, heterogeneous, or 
hypoechoic masses. Nonetheless, the radiographic find-
ings are non-specific and can be misdiagnosed as benign 
lesions[13,25]. Subsequently, it could be challenging for a 
radiologist to make the correct diagnosis of  carcinoma 
without histologic confirmation[25]. Lastly, although most 
patients present with a solitary tumor, a few cases of  mul-
tifocal ACC of  the breast have also been reported[26,27]. 

HISTOMORPHOLOGIC/
IMMUNOHISTOCHEMICAL 
CHARACTERISTICS
The mean size of  ACC is 3.0 cm (range, 0.7 to 12.0 
cm)[28]. Most cases are macroscopically well-circum-
scribed. Occasionally, pink, tan, or gray microcysts are 
evident[28]. ACC usually presents as a localized disease of  
pathologic T1 or T2 (Table 1). 

The histology of  ACC of  the breast is similar to that 
of  their salivary gland counterparts. A variety of  micro-
scopic patterns detected in the ACC of  the salivary glands 
may also be present in the ACC of  the breast. A tumor 
typically consists of  a dual-cell population of  luminal and 
myoepithelial-basal cells which may be arranged in one or 
more of  three architectural patterns: tubular-trabecular, 
cribriform, and solid-basaloid (Figure 1)[3]. There are two 
types of  structures lined by these two different types of  
cells: true glandular spaces and pseudolumina. Luminal 
cells, characterized by round nuclei and eosinophilic cy-
toplasm, surround true gland lumina containing periodic 
acid-Schiff-positive neutral mucin. Immunohistochemi-
cally, the luminal cells are positive for CK7, CK8/18, 
epithelial membrane antigen, and CD117 (c-Kit)[2,29-31]. 
On the other hand, the myoepithelial-basal cells exhibit 
central oval nuclei and scant cytoplasm, and form pseu-
dolumina, which result from intraluminal invaginations of  
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  Ref. No. of patients’ Pathologic
T1 or T2

Lymph node
involvement

Distant 
metastasis 

Survival

Cases Age (yr)
  Kulkarni et al[14]  933   60 (median) Not reported   5.1% Not reported 88% (5 yr)
  Coates et al[15] 376 62 (mean) 90%   6.1% 1.1% (site not specified) 90% (10 yr)
  Ghabach et al[11] 338 63 (mean) 95%   1.7% < 1% (site not specified) 94.9% (10 yr)
  Thompson et al[16] 244    62 (median) 92%   4.9% 2.9% (site not specified) 94.9% (10 yr)
  Khanfir et al[17]   61    59 (median) 88%       0% 6.5% (bone, liver, lung) 94% (5 yr)
  Defaud-Hénon et al[18]   30    61 (median) 95%       0% 10% (bone, liver, lung) Not calculated
  Vranic et al[19]   21           60.8 (mean) 85%       0%      20% (bone, kidney, lung) 90% (5 yr)

Table 1  Clinical characteristics of adenoid cystic carcinoma of the breast in recently reported cohorts



the stroma. The myoepithelial-basal cells are immunoreac-
tive for basal cytokeratins (CK5, CK5/6, CK14, CK17) 
(Figure 2), myoepithelial markers (p63, actin, calponin, 
S-100 protein), vimentin, and epidermal growth factor 
receptor (EGFR)[2,29-32]. Kasami et al[33] reported that the 
polarity of  the different types of  cells could be demon-
strated by immunohistochemistry: myoepithelial-basal 
cells usually express laminin, fibronectin, basal lamina re-
lated proteins, and type Ⅳ collagen, whereas the luminal 
cells express proteins related to cell polarization and epi-
thelial differentiation, including fodrin, E-cadherin, and 
β-catenin. The authors suggest that this preserved cell 
polarity and segregated cell differentiation could explain 
the lack of  metastatic capacity observed in this tumor 
type. Other reports describe areas of  squamous differen-
tiation and even rare sebaceous differentiation in ACC of  
the breast[34,35].

In a way akin to the ACC of  the salivary gland, ACCs 
of  the breast are graded according to the proportion of  
solid growth: tumors with either cribriform or tubular-
trabecular pattern and without solid elements are consid-
ered grade Ⅰ, tumors with ≤ 30% of  solid growth are 
classified as grade Ⅱ, and tumors having more than 30% 
solid growth are designated grade Ⅲ[4,36]. Ro et al[4] report-
ed that tumors with a solid pattern (grade Ⅱ and Ⅲ) had 
a tendency to be larger than those without a solid pattern 
(grade Ⅰ), and that grade Ⅱ and Ⅲ tumors were more 

likely to develop recurrences. In their series, three patients 
who developed metastatic ACC had grade Ⅱ or Ⅲ lesions. 
Furthermore, Shin et al[37] reported 9 cases of  the solid 
(basaloid) variant of  breast ACC in which the tumor cells 
tended to be larger, with hyperchromatic nuclei showing 
moderate to marked atypia, pleomorphism, and increased 
mitotic activity. This solid variant of  ACC was associated 
with an aggressive clinical course. However, it is important 
to note that the histological grade defined by this system 
did not correlate with disease outcomes observed in two 
other studies[34,38]. The most recent American Joint Com-
mittee on Cancer staging manual (7th edition) recommends 
that Nottingham histologic grading be provided uniformly 
for all breast carcinomas[39]. Based on this grading scheme, 
most ACCs would belong to the histologic grade 1 (3 - 1 + 
1) or histologic grade 2 (3 + 2 + 1). 

Phenotypically, both luminal and myoepithelial-
basaloid cells in ACC of  the breast are generally nega-
tive for ER, PR, and Her2 proteins (Table 2 and Figure 
3)[11,14,40-43]. The immunohistochemical profile of  ACC of  
the breast fits well within that of  triple-negative breast 
cancers with basal-like features. In one study, ER and PR 
expression was detected in 46% and 36% of  ACC cases, 
respectively[5]. Although this cohort was one of  the larger 
series of  ACCs reported to date (n = 28), the cases were 
collected from different institutions and did not undergo 
a central review of  the diagnosis. Consequently, it can-
not be ruled out that a substantial number of  these cases 
were actually invasive cribriform carcinomas with ER and 
PR immunoreactivity. In addition, it should be noted that 
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Figure 1  Adenoid cystic carcinoma of the breast. Adenoid cystic carcinomas predominantly showing tubular-trabecular (A), cribriform (B), and  solid-basaloid pat-
terns (C). Original magnification × 100. 

Figure 2 Immunoreactivity of cytokeratin 5/6 in solid pattern of adenoid 
cystic carcinoma of the breast. The tumor cells are immunoreactive for cy-
tokeratin 5/6, indicating myoepithelial-basal cell origin of tumor cells. Original 
magnification × 200.

  Ref. No. of cases Percentage of cases showing positivity

ER PR Her2 
  Kulkarni et al[14] 933 15 13 NA
  Ghabach et al[11] 338 12   2 NA
  Arpino et al[5]   28 46 36 NA
  Mastropasqua et al[36]   20 15 10 0
  Azouley et al[41]   18   0   0 0
  Crisi et al[42]     6   0   0 0
  Weigelt et al[43]     4   0   0 0

Table 2  Review of data reported on the expression of prognostic 
and predictive markers of breast adenoid cystic carcinoma (%)

ER: Estrogen receptor; Her2: Human epidermal growth factor receptor 2; 
NA: Not available; PR: Progesterone receptor.
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in the latter study, dextran-coated charcoal assay was used 
to assess expression for ER and PR instead of  the now 
more widely used immunohistochemistry. Since normal 
breast lobules and ducts are often entrapped within the  
tumor tissues, it may lead to false positive results of  the 
dextran-coated charcoal assay.

There have been several case reports suggesting an 
association between ACC of  the breast and various be-
nign lesions including microglandular adenosis, tubular 
adenosis, adenomyoepithelioma, and fibroadenoma[44-48]. 
Acs et al[44] suggested that ACC of  the breast may develop 
in a background of  and in continuity with microglandular 
adenosis. Following this hypothesis, their group described 
a morphological spectrum of  lesions with a trend of  pro-
gression, encompassing microglandular adenosis, “atypi-
cal microglandular adenosis” (also described as “ACC in 
situ”), and invasive ACC[44]. Da Silva et al[45] reported a 
morphological characterization of  tubular adenosis aris-
ing concurrently with ACC in the breast, although the 
comparative genomic hybridization (CGH) analysis per-
formed on these two lesions failed to provide evidence 
of  molecular evolution from tubular adenosis to ACC. 
Importantly, breast that harbors an ACC can rarely also 
contain other types of  carcinoma, as was shown in a case 
where the ACC of  the breast coexisted with an invasive 
ductal carcinoma of  NST[49,50].

ACC of  the breast that exhibits a cribriform/tubular 
pattern should be distinguished from invasive cribri-
form/tubular carcinoma or a benign condition termed 
collagenous spherulosis[51,52]

. This is especially important 
when a pathologist is provided with tiny tissue specimens 
obtained by core needle biopsies[36]. Invasive cribriform/
tubular carcinomas are characterized by the hyper-pro-
liferation of  a single type of  neoplastic cells (i.e., luminal 

cell) only, in contrast to the dual cell types observed in 
ACC. Moreover, cribriform/tubular carcinomas are gen-
erally immunoreactive for ER and PR, whereas ACCs 
are negative for both[53]. In addition, limited evidence ex-
ists of  c-Kit and/or p63 immunoreactivity in ACCs of  
the breast (positive for both), compared to the invasive 
cribriform/tubular carcinomas which are negative for 
both markers[40]. In collagenous spherulosis, collagenous 
spherules are irregular, mostly observed at the periphery 
of  the lesions, and no mucosubstance is detected within 
lumina. Immunohistochemically, ACCs are c-Kit (+), cal-
ponin (-), and smooth muscle myosin (-), whereas collag-
enous spherulosis lesions are c-Kit (-), calponin (+), and 
smooth muscle myosin (+), which may help to differenti-
ate between these two types of  lesions[54]. The differential 
diagnosis of  the solid (basaloid) variant of  ACC includes 
small cell carcinoma (neuroendocrine carcinoma), solid 
papillary carcinoma, metaplastic carcinoma, and malig-
nant lymphoma[37]. Although an extensive and careful 
search for a more typical cribriform pattern of  ACC 
should be performed, immunohistochemistry can also be 
helpful to distinguish these tumors from ACC.

MOLECULAR GENETIC FEATURES
Microarray-based gene expression profiling studies have 
been performed in common types of  breast cancer, such 
as the invasive ductal and lobular carcinomas[7-9]. How-
ever, most of  these studies did not focus on special types 
of  breast cancer, and consequently, there is only limited 
transcriptomic data on the ACC features. A recent molec-
ular subtype analysis using a single sample predictor (i.e., 
centroid) performed on 4 ACCs revealed that two of  the 
samples were classified as basal-like, while the other two 
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Figure 3  Immunohistochemical findings in adenoid cystic carcinoma of the breast. A: Estrogen receptor; B: Progesterone receptor; C: Human epidermal growth 
factor receptor 2. All these markers are negative in a case of adenoid cystic carcinoma of the breast. Original magnification × 100.

  Case No. Age (yr) Laterality Tumor size (cm) Perineural invasion Lymph node metastasis Distant metastasis TMN stage (AJCC) Follow-up (mo)

  1 61 Left 1.6 - pN0 - ⅠA 14
  2 83 Right 3.0 - pN0 Lungs, multiple Ⅳ 85
  3 51 Right 2.2 - cN0 - ⅡA 12
  4 57 Left 4.5 + cN0 - ⅡA 65
  5 48  Left 2.0 - cN0 - ⅡA 90

Table 3  Houston Methodist experience of adenoid cystic carcinoma of the breast (2004 to 2010)

AJCC: American Joint Committee on Cancer.

Miyai K et al . Adenoid cystic carcinoma of the breast



were shown to exhibit the normal breast-like phenotype. 
Based on this divergence in the results, they could be an 
artifact of  sample representation, perhaps caused by the 
contamination with normal tissues[55]. In fact, molecu-
lar subtype assignment following hierarchical clustering 
showed that all four ACCs consistently displayed a basal-
like phenotype, and all of  them clustered with one of  
the five subgroups of  the triple-negative breast cancers. 
In another study that utilized the immunohistochemical 
staining analysis and microarray-based gene expression 
profiling for a series of  113 tumors that belonged to 
11 special histologic types of  breast cancer (including 
4 ACCs), Weigelt et al[43] reported that the ACC, medul-
lary carcinoma, and metaplastic carcinoma were highly 
similar in their immunohistochemical and gene expres-
sion profile. However, ACCs did not intermingle with 
medullary and metaplastic carcinomas in the hierarchical 
clustering, but formed a separate group. Another study, 
an array-based CGH analysis of  59 breast cancers that 
belonged to 10 special histologic special types established 
that while medullary and metaplastic carcinomas dis-
played complex genomes, ACCs consistently exhibited 
simpler patterns of  gene copy number aberrations[56]. 
In line with these results, a recent CGH analysis study 
revealed that ACC of  the breast manifested significantly 
lower frequencies of  genetic instability and lower copy 
number alterations than the histologic grade-matched 
basal-like and invasive ductal carcinomas of  NST[29]. At 
the genomic level, ACC is substantially different from the 
other basal-like breast cancers. Studies show that it rarely 
harbors genomic aberrations associated with basal-like 
invasive ductal carcinomas of  NST, such as gains of  1q, 
6p, 8q, and 10p, and losses of  4p, 5q, and 10q[29,57,58]. Fur-
thermore, aneuploidy is reported in fewer than 10% of  
cases with ACC of  the breast[5]. Together, these findings 
illustrate the heterogeneity of  triple-negative, basal-like 
breast cancers. Although the majority of  these tumors are 
high grade cancers with high levels of  genetic instability 
and an aggressive clinical course (e.g., grade 3 invasive 
ductal carcinoma of  NST, medullary carcinoma, and 
metaplastic carcinoma), there is also a subgroup of  low 
grade tumors with low frequencies of  genetic instability 
and an indolent clinical behavior (e.g., ACC and secre-
tory carcinoma)[10,41,43,59-61]. Thus, we emphasize that based 
solely on molecular subtyping and without proper histo-
logic classification, ACCs, which have an indolent clinical 
behavior, would be classified as triple-negative, clinically 
aggressive tumors. Therefore, information regarding the 
histologic type of  triple-negative breast cancers should 
be included in histopathology reports and taken into ac-
count for clinical decision-making.

Although studies using next-generation sequencing 
(NGS) for whole exome or microRNA expression pro-
filing for ACC of  the salivary gland have been recently 
reported[62-65], there have been few studies using NGS for 
ACC of  the breast. In one study utilizing microRNA ex-
pression profiling for two cases each of  ACC of  the sali-
vary gland and breast, Kiss et al[65] reported that the let-
7b was overexpressed in ACC of  the salivary gland, while 

decreased in ACC of  the breast. In addition, the miR-24 
was decreased in salivary gland-derived but overexpressed 
in breast-derived adenoid cystic carcinomas.

Similar to ACCs of  the salivary gland, ACCs of  the 
breast are characterized by the t(6;9) (q22-23; p23-24) 
chromosomal translocation, which generates fusion tran-
scripts involving the oncogene MYB and the transcription 
factor gene NFIB. Several previous studies reported that 
this chromosomal translocation is present in over 90% of  
ACC cases and is a key ACC oncogenic mechanism[29,66,67]. 
The myeloblastoma (MYB)- nuclear factor I/B (NFIB) 
fusion protein retains the DNA-binding and transacti-
vation domains of  a wild-type MYB, and is therefore 
expected to activate MYB target genes[29,66]. MYB is a 
leucine zipper transcription factor that plays an important 
role in the control of  cell proliferation, apoptosis, and 
differentiation[68,69], while its target genes include BCL2 
and GRP78/BIP, which are essential for cell survival[70]. 
MYB is a direct target of  EG signaling and is highly ex-
pressed not only in ACCs, but also in cell lines of  ER-
positive breast cancers[71,72]. Recently, one study reported 
that 67% (8/12 cases) of  dermal cylindroma displayed 
the t(6;9) and MYB-NFIB fusion transcripts and that the 
composition of  these chimeric transcripts was identical 
to that seen in ACC[73]. 

Approximately 7% of  breast cancer cases are related 
to hereditary conditions and caused by mutations in the 
BRCA1 and BRCA2 genes[3]. Although medullary and 
metaplastic breast carcinomas, with which ACC shares 
immunohistochemical and molecular findings, show a 
frequent promotor methylation of  BRCA1 gene, ACC 
of  the breast usually retains normal BRCA1 gene func-
tion[2,29]. To our knowledge, BRCA2 gene status has not 
been investigated in ACCs of  the breast.

ACCs of  the breast typically do not express the full-
length ER-α (ER-α66) and PR[11,14,39-42]. However, several 
studies have shown that the ACC, apocrine carcinoma, 
and triple-negative breast cancer of  NST exhibited a 
frequent membranous/cytoplasmic immunoreactivity 
for ER-α36, a novel ER-α66 splice variant implicated in 
membrane-initiated estrogen signaling[74-76]. In the experi-
mental cell models of  breast cancer, ER-α36 was shown 
to transduce the membrane-initiated steroid signaling 
cascade, and served as a dominant-negative modulator 
of  ER-α66 mediated transcription activity[75]. In addition, 
ER-α36 was reported to be related to non-genomic ER 
activities, in which activation of  the mitogen-activated 
protein kinase (MAPK/ERK) signaling pathway plays 
a major role[75]. The MAPK/ERK signaling pathway is 
activated in response to antiestrogens (e.g., tamoxifen), 
indicating a subset of  ER-α66 (-)/ER-α36 (+) breast 
carcinomas might still respond to antiestrogen based 
therapy[74,75]. Finally, ER-α36 protein closely interacts with 
EGFR protein, which is commonly expressed in ACC 
and triple-negative breast cancers[75]. Some investigators 
have reported that ACCs of  the breast frequently overex-
press EGFR protein in the absence of  underlying EGFR 
gene alterations[19,29].

Cancer stem cells have been reported to be associ-
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ated with tumor initiation, progression, survival, and 
resistance to therapy[77]. However, the cancer stem cell 
field is still fairly controversial and stem cell markers 
have not been fully elucidated. In the majority of  studies, 
breast cancer cells with a CD44 (+)/CD24 (-) phenotype 
have been proposed to have tumor-initiating properties 
with stem cell-like features[78], and Defaud-Hénon et al[18] 
recently reported that a characteristic CD44 (+)/CD24 
(-) phenotype is commonly observed in the ACC of  the 
breast. On the other hand, frequent overexpression of  
c-Kit and EGFR proteins was observed in undifferenti-
ated carcinomas with stem cell-like features[79]. Although 
several studies illustrated that a consistent c-Kit protein 
expression was detected in most ACCs[29,40-43], underlying 
KIT gene alterations, such as gene mutations, have not 
been previously detected[80]. Finally, SOX10 transcription 
factor appears to support stem-like properties in normal 
tissues and cancer cells[81]. Recently, Ivanov et al[82] de-
scribed SOX10 as a novel diagnostic marker for ACCs of  
the salivary gland and breast basal-like carcinomas, indi-
cating that SOX10 expression might be worth examining 
in ACCs of  the breast. 

Although triple-negative NST breast cancers usually 
have high proliferative activity, ACC of  the breast exhib-
its a low proliferation rate using standard Ki-67 labeling 
index[29,83]. Interestingly, their typical proliferation rate is 
even lower than that of  low-grade conventional breast 
carcinomas[84]. Mastropasqua et al[40] suggested that prolif-
erative indices showed grater values in high-grade ACCs 
when compared to low-grade lesions. However, another 
study reported that the proliferative activity is not associ-
ated with the outcome of  ACC patients with ACC[38]. In 
addition to low Ki-67 labeling index, ACCs of  the breast, 
including high-grade solid-basaloid lesions, also show 
low p53 protein expression[29,39,83]. Trendell-Smith et al[53] 
described a slightly higher p53 protein expression in ACC 
than that in invasive cribriform carcinoma.

Finally there are several recent studies that identified 
potential breast ACC biomarkers. Insulin-like growth 
factor-Ⅱ mRNA-binding protein 3 (IMP3) is an oncofe-
tal protein and a component of  the insulin-like growth 
factor-Ⅱ pathway. Studies indicate that it could serve as 
a biomarker for basal-like breast carcinomas[84-87], and a 
recent report showed that the IMP3 is commonly over-
expressed in ACCs of  the breast[88]. In another report, 
the molecular genetic analysis of  a primary ACC of  the 
breast and its renal metastasis revealed PTEN and PIK-
3CA gene mutations[89].

PROGNOSIS AND TREATMENT
A striking feature of  ACC of  the breast, which is in 
stark contrast with other triple-negative, basal-like breast 
cancers and the ACC of  the salivary gland, is its excel-
lent prognosis. As shown in Table 1, the 10-year survival 
rate is 90%-100%, and lymph node metastasis is rare, as 
well as distant metastases, which affect mainly visceral 
organs[11,14-19,90]. Based on its indolent clinical course and 

favorable outcome, ACC of  the breast is generally cured 
by breast-conserving surgery, such as wide excision or 
quadrantectomy with or without radiotherapy[11,17,91]. Mas-
tectomy is recommended for invasive lesions when a cos-
metically satisfactory excision is not possible, especially 
when the tumor has a high-grade pattern[4,36,92]. A recent 
study of  a large patient cohort reported a considerable 
benefit of  adjuvant radiotherapy on overall and disease-
specific survival in patients with ACC[15]. Moreover, be-
cause a high rate of  positive surgical margins has been 
detected following breast conserving surgery, adjuvant ra-
diotherapy may be beneficial[93]. Furthermore, while some 
clinicians recommend systemic adjuvant chemotherapy 
for patients with high-grade lesions or axillary lymph 
node/distant metastasis[36], its role in breast ACC patients 
remains controversial. 

When patients with ACC demonstrate local recur-
rence or distant metastases, a prolonged and indolent 
clinical course is still likely[94-97]. However, long-term fol-
low-up is recommended, since their long clinical course 
carries a risk of  secondary malignancies[98,99], and the risk 
of  distant metastases increases with time[100].

As treatment of  cancer enters a new stage with the 
development of  targeted therapies, the common MYB-
NFIB fusion gene may provide new therapeutic avenues 
for the management of  advanced ACC of  the breast. 
Consequently, further functional studies investigating the 
biological consequences of  the MYB gene of  function 
due to the MYB-NFIB fusion are needed. Gene silencing 
experiments are also necessary to demonstrate that MYB 
expression is required for the survival of  cancer cells with 
genetically activated MYB. Finally, the functional role of  
the ER-α36 variant in ACC merits further research as 
experimental evidence in triple-negative breast cancer 
cell lines suggests that breast cancer cells with ER-α66 
(-)/ER-α36 (+) phenotype might still be responsive to 
antiestrogens[72,73].

HOUSTON METHODIST EXPERIENCE OF 
ACC OF THE BREAST 
A search of  the electronic data base at Houston Method-
ist Hospital from 2004 to 2010 yielded five cases of  ACC 
of  the breast. The clinicopathologic and follow-up status 
of  these five patients are summarized in Table 3. The five 
female patients ranged from 48 to 76 years in age, with a 
mean age of  60 years. All tumors had distinct morpho-
logic features of  classic ACC: histologic grade 1 with 
cribriform, trabecular or glandular architectural patterns, 
and basement membrane deposition. No cases of  grade  
Ⅱ and Ⅲ tumors were identified. Perineural invasion was 
identified in one case. Lymphovascular invasion was not 
seen in any of  the cases. An associated adenomyoepi-
thelioma was observed in one case. All patients received 
lumpectomy and two of  these patients had axillary lymph 
node dissections, with no nodal metastasis found. No 
patients received adjuvant chemotherapy or radiotherapy. 
Pulmonary metastasis developed in one case (case 2) 
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seven years after the initial diagnosis. All of  the tumors, 
including the pulmonary metastatic lesion in case 2, were 
ER/PR negative and did not express Her2. No synchro-
nous/metachronous in-situ carcinoma, invasive duc-
tal/lobular carcinoma, or microglandular adenosis was 
reported in any of  the cases. Four patients without me-
tastasis were alive and showed no evidence of  disease for 
an average (follow-up) of  45.3 mo (range 12-90 mo). The 
last patient (case 2) who was diagnosed with pulmonary 
metastasis is alive with disease at 85 mo (one month after 
metastasis was detected).  

CONCLUSION
The correct classification of  the histological special types 
of  breast cancer is not just an academic exercise, as it has 
both prognostic and predictive implications. Although 
the majority of  triple-negative, basal-like breast carcino-
mas are high-grade tumors, ACC is a subgroup of  low-
grade tumors with an indolent clinical behavior that also 
displays a triple-negative, basal-like phenotype. Because 
of  its low incidence, there have been only few compre-
hensive studies of  ACC of  the breast, which is one of  
the major limitations of  this review. However, this review 
of  recent updates, including certain molecular genetic 
features in breast ACC, herein will hopefully serve as a 
prognostic and treatment guide for surgical pathologists, 
breast surgeons, and oncologists, and lead to the devel-
opment of  more specific, personalized therapies for this 
rare tumor subtype.
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Abstract
Targeted drug delivery to solid tumors is a very active 
research area, focusing mainly on improved drug for-
mulation and associated best delivery methods/devices. 
Drug-targeting has the potential to greatly improve 
drug-delivery efficacy, reduce side effects, and lower 
the treatment costs. However, the vast majority of 
drug-targeting studies assume that the drug-particles 
are already at the target site or at least in its direct vi-
cinity. In this review, drug-delivery methodologies, drug 
types and drug-delivery devices are discussed with 
examples in two major application areas: (1) inhaled 
drug-aerosol delivery into human lung-airways; and 
(2) intravascular drug-delivery for solid tumor target-
ing. The major problem addressed is how to deliver 
efficiently the drug-particles from the entry/infusion 
point to the target site. So far, most experimental re-
sults are based on animal studies. Concerning pulmo-
nary drug delivery, the focus is on the pros and cons 
of three inhaler types, i.e. , pressurized metered dose 
inhaler, dry powder inhaler and nebulizer, in addition to 
drug-aerosol formulations. Computational fluid-particle 
dynamics techniques and the underlying methodol-
ogy for a smart inhaler system are discussed as well. 

Concerning intravascular drug-delivery for solid tumor 
targeting, passive and active targeting are reviewed as 
well as direct drug-targeting, using optimal delivery of 
radioactive microspheres to liver tumors as an example. 
The review concludes with suggestions for future work, 
considereing both pulmonary drug targeting and direct 
drug delivery to solid tumors in the vascular system.
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Core tip: Targeted drug delivery to diseased areas or 
solid tumors has the great potential to significantly 
improve treatment efficacy, minimize side-effects, and 
reduce health-care cost. The major problem addressed 
is how to deliver efficiently the drug-particles from the 
entry/infusion point to the target site. Past and pres-
ent developments in drug formulation and associated 
drug-delivery devices are discussed. Examples of opti-
mal drug delivery to pulmonary target sites as well as 
targeting solid tumors in the vascular system are re-
viewed.
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INTRODUCTION
In light of  the high cost of  medicine and potentially dev-
astating side-effects of  drug treatment, targeted drug de-
livery is of  great clinical significance. Thus, targeted drug 
delivery to solid tumors is a very active research area, 
focusing mainly on improved drug formulation and asso-
ciated best delivery methods/devices. Drug-targeting has 
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the potential to greatly improve drug-delivery efficacy, 
reduce side effects, and lower treatment costs. However, 
the vast majority of  drug-targeting studies assume that 
the drug-particles are already at the target site or at least 
in its direct vicinity. 

In this review, drug-delivery methodologies, drug 
types and drug-delivery devices are discussed with ex-
amples in two major application areas: (1) inhaled drug-
aerosol delivery into human lung-airways; and (2) in-
travascular drug-delivery for solid tumor targeting. The 
major problem addressed is how to deliver efficiently the 
drug-particles from the entry/infusion point to the target 
site. So far, most experimental results are based on animal 
studies.

Concerning pulmonary drug delivery, the focus is on 
the advantages and disadvantages of  the three inhaler 
types, i.e., pressurized metered dose, dry powder and 
nebulizer, in addition to drug-aerosol formulations. Com-
putational fluid-particle dynamics techniques and the un-
derlying methodology for a smart inhaler system (SIS) are 
discussed as well.

Concerning intravascular drug-delivery for solid tu-
mor targeting, passive and active targeting are reviewed 
as well as direct drug-targeting, using optimal delivery of  
radioactive microspheres to liver tumors as an example.

The review concludes with future work for both pul-
monary drug targeting and direct drug delivery to solid 
tumors in the vascular system.

PULMONARY DRUG-TARGETING 
METHODLOGIES
Targeted drug delivery and controlled release are current 
challenges in pulmonary drug delivery. Three popular 
drug delivery ways are per oral (pill swallowing), intra-
venous (drug injection through the vein), and inhalation 
(breathing into the human lung).

Pulmonary drug delivery therapies, ranging from the 
treatment of  asthma and chronic obstructive pulmonary 
diseases (COPD) to lung tumors and systemic diseases, 
have gained great interest in recent years. Advantages of  
pulmonary drug delivery, when compared with conven-
tional medical treatments include, improvements in ef-
ficiency because of  the large surface area of  the lung (i.e., 
100 m2) and the thin epithelial layer thickness (0.2 to 0.7 
μm)[1], reduction of  systemic drug levels with a decrease 
in adverse effects, and higher degree of  convenience[2-4]. 
Specifically, as the drug aerosol directly travels to the 
designated target area, a much lower dose can be used to 
produce a therapeutic response with negligible side ef-
fects[5]. 

Pulmonary drug delivery therapies are widely used 
to treat inflammation, asthma, COPD and cystic fibrosis 
(CF) as well as diabetes and other systemic diseases. For 
proper treatment the aerodynamic diameters of  drug 
particles/droplets are recommended to be in the range 
of  0.4 < dp < 7 μm[6,7]. However, due to the sophisticated 
pharmaceutical aerosol formulations and the complex 

anatomy and physiology of  human lung airways, the 
optimization of  pulmonary drug delivery (e.g., drug-
targeting delivery in lung airways) is challenging. The 
major research concern in pulmonary drug delivery is on 
the utilization of  physical or chemical mechanisms, novel 
particles or drug carriers, and new drug-delivery device 
developments with improved performance. 

In this section, three major classes of  pulmonary 
drug delivery systems, i.e., pressurized metered-dose in-
haler (pMDI), dry powder inhaler (DPI) and nebulizer, 
are introduced and discussed, focusing on their delivery 
mechanisms, efficacies, and challenges for future devel-
opments. Furthermore, this section is also devoted to the 
foundation of  lung-aerosol dynamics, i.e., the transport 
and deposition of  particulate drug carriers, which include 
the parameters affecting drug aerosol transport and de-
position characteristics. It will be followed by a descrip-
tion of  state-of-the-art methodologies for the realization 
of  optimal pulmonary drug delivery.

Inhalers and drug-aerosol transport
Type of  inhalers: There is a rich history of  the develop-
ment of  pulmonary drug delivery therapy[8]. Pulmonary 
drug delivery devices or inhalers are classified into three 
major types: pMDIs, DPI and nebulizers[3].

pMDIs are devices in which the mixture of  drugs and 
propellants is stored in a canister from which accurate 
amounts can be released when the device is actuated by 
human power[3]. Thus, pMDIs provide a fast and cost-
efficient solution to deliver pulmonary drug aerosols[9]. A 
pMDI expels the drug aerosol driven by propellants, such 
as chlorofluorocarbons (CFC) which, however, is being 
phased out due to environmental concerns. More re-
cently, hydro fluoroalkanes propel the medicine through a 
nozzle at high velocities (> 30 m/s)[10]. The typical struc-
ture of  a pMDI is shown in Figure 1, including canister, 
metering valve, actuator, and propellant. Detailed func-
tions of  each part were presented by Newman[11].

The advantages of  pMDIs are: good portability, ac-
curate dosage control, large capacity of  medical doses 
at low cost[12]. Disadvantages of  pMDIs include: highly 
dependent on the coordination of  the patient’s inhala-
tion[3,13], limited to certain drugs that are physically and 
chemically inert in the mixture with the propellant, and 
not efficient to treat deeper lung conditions due to the 
strong impaction in the upper respiratory system induced 
by the high jet velocity[5]. For example, only approxi-
mately 10%-20% of  the medications emitted from CFC-
pMDIs are able to enter and deposit in the lung, while 
the rest deposits in the oropharynx[14]. Additionally, the 
deposition of  the content of  drug formulation inside the 
canister can result in an incorrect dose of  medication de-
livery (en.wikipedia.org/wiki/Metered-dose_Inhaler).

To replace CFC and find a new propellant, hydrofluo-
roalkane was introduced[12] and approved. To resolve the 
synchronization problem between device actuation and 
patient’s inhalation, breath-actuated MDIs were devel-
oped; for example, the Maxair Autohaler[15]. The devices 
actuate early during inspiration at an inspiratory flow rate 
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of  30 L/min and are well accepted by patients[12,16]. It is 
announced that using breath-actuated inhalers might im-
prove asthma control and reduce overall cost of  asthma 
therapy compared with conventional pMDIs[12,17]. 

Furthermore, to improve efficacy of  drug delivery 
and avoid synchronization difficulties between patient’s 
inhalation and pMDI actuation, spacer devices have been 
introduced as an alternative method. The basic design of  
a spacer contains 3 parts: the open tube, the reservoir/
holding chamber, and the reverse flow design in which 
the pMDI is fired in the direction away from the patient. 
A one-way valve is used to create a holding chamber after 
pMDI actuation. Holding chambers serve as particle size 
filter and produce a fine aerosol because of  the stronger 
inertial impaction of  drug-aerosol particles with larger 
size and particle evaporation of  propellant within the 
chamber. Studies indicated that using a larger-volume (> 
750 mL) holding chamber (also called spacer) can provide 
higher fine-particle doses than a pMDI alone[18]. How-
ever, spacers may decrease the portability of  pMDIs.

DPIs are an alternative to pMDIs, delivering pulmo-
nary drugs into the respiratory system in the form of  dry 
solid particles[3]. The dispersion of  a dry powder aerosol 
is conducted from a static powder bed. When the patient 
takes a breath, air is introduced into the powder bed 
which creates turbulent flow and leads to fluidization of  
a static powder blend, entering the patient’s airways. DPIs 
contain medicine in a variety of  types, e.g., single-dose 
capsule-based designs, multi-dose units containing the 
drug in bulk, and multi-dose units containing individual 
blister packages[19,20]. DPIs can also be divided into two 
types in terms of  its drive force, i.e., a passive DPI depen-
dent on patients’ inhalation and an active DPI dependent 
on external forces[21,22]. Active DPIs have become a pre-
ferred method to uniformly distribute drugs independent 
of  the inspiration flow. A typical structure of  a unit-dose 
DPI is shown in Figure 2.

DPIs are small, portable and easy to use. Several ad-
vantages were discussed by Sahane et al[3]. For example, 

there is no need for coordination of  actuation and inhala-
tion, because the patient’s inspiratory force de-aggregates 
the powder and generates the aerosol. Furthermore, 
DPIs are able to deliver higher drug payloads to the air-
ways[20]. 

However, there are several disadvantages of  DPIs. 
For example, if  the therapeutic dose of  a drug is high, 
the patient needs to manually reload several individual 
units per dose, as delivery is limited to a capsule-based 
or blister-based unit[19]. Also, DPI medications must be 
stored in a dry place at a temperature of  not more than 
25 ℃ and humidity between 40%-50% in sealed packages  
(en.wikipedia.org/wiki/Dry_Powder_Inhaler). Specifical-
ly, exposing the powder in a high-humidity environment 
destroy the medication dispersion ability of  the device, 
implying that the efficacy of  a DPI depends mainly on 
the flow properties of  the powder suspension. 

Nebulizers are breathing devices that generate drop-
lets in small scales from a liquid in solution/suspension[12], 
which are used to treat lung diseases. The inhaled drug is 
in the form of  mist aerosols. Nebulizers are often used in 
situations in which a conventional inhaler is ineffective. 
In simple targeting cases, nebulizers may limit side effects 
of  certain medication, say, steroids, by delivering the drug 
directly to the desired site. Several conventional designs 
of  nebulizers are shown in Figure 3.

Atomizers (or jet nebulizers)[23] are the most com-
mon ones (Figure 3A). They use compressed gas, or a 
compressor, to generate high-velocity air streams through 
a tight opening and across the fluid medication suspen-
sion to create particulate/droplet aerosols. The fluid is 
split up by the airstream and divided into droplets inside 
the nebulizing chamber. The primary advantage of  jet 
nebulizers is the low operational expense. However, there 
is always the lack of  portability because of  the need of  
compressed gas[12]. 

Ultrasonic wave nebulizers generate aerosols via the 
vibration of  a piezoelectric crystal at a high frequency (> 
1 MHz) through the drug liquid (Figure 3B). Contrasted 
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Figure 1  Typical structure of pressurized metered-dose 
inhaler[23]. (Reprinted with permission from Ref.[23]).
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with jet nebulizers, ultrasonic nebulizers work with lower 
noise and provide faster delivery of  pharmaceuticals; al-
though due to the complimentary heat generated during 
the operation, there are several medication restrictions for 
the ultrasonic wave nebulizers. With both types of  nebu-
lizers, the patient inhales vapor through a mouthpiece or 
face mask. Electronic nebulizers form a subcategory of  
ultrasonic nebulizers. 

Based on the vibrating mesh technology (VMT), 
smaller portable devices have been developed as ad-
vanced nebulizers, i.e., vibrating mesh nebulizers[24]. With 
the VMT, a mesh/membrane with multiple apertures 
vibrates at the top of  the liquid reservoir (Figure 3C), 
generating drug aerosols consisting of  small-scale drop-
lets. Vibrating mesh nebulizers are claimed to have higher 
output efficiency, minimal residual volume, and high per-
centage of  fine particulate drugs in the emitting stream[24]. 

Another type of  new-generation nebulizers is called 
human-powered nebulizers which are breath-enhanced[25]. 
Their improved designs avoid exhaled loss and apparatus 
loss of  aerosols. Ambient air is entrained through a one-
way valve along with the power gas during inspiration, 
while during exhalation the one-way plastic flapper valve 
is closed. 

As part of  the developments of  human-powered 
nebulizers, a dosimetric nebulizer is defined as one that 
releases aerosols only during inhalation, being the most 
efficient nebulizer generating aerosols. Comparisons of  
different types of  nebulizers are presented in Table 1[12]. 
A variety of  nebulizer products on the market are sum-
marized in Table 2.

In addition to the three major classes of  inhalers, new 
types of  inhalers were designed in order to improve the 
efficacy. “Soft mist inhaler” is another type of  drug de-
livery device[5,26]. It was developed in order to overcome 
the limitations of  traditional inhaler devices and to meet 
the need for a convenient propellant-free inhaler[5]. For 
example, the Respimat® Soft Mist™ inhaler (SMI) utilizes 
the mechanical force from a spring instead of  a fluid-
gas propellant to produce a drug aerosol which is suit-
able for inhalation. The spring system inside the inhaler 
can guarantee that the aerosol is produced by a reliable 
and reproducible energy source. Thus, dosage and size 
distribution of  the drug aerosols are insensitive to the 

inspiratory characteristics of  the patient. Medicine deliv-
ered by the SMI is stored in a collapsible bag in a sealed 
plastic container inside the cartridge. With each actua-
tion, the correct dose is drawn from the reservoir and the 
flexible bag contracts, which is launched by the spring[27]. 
A recent papers[28] also claimed that SMI can avoid the 
coordination difficulty between inhalation and actuation. 
Also, the emitted stream velocity of  the aerosol is much 
slower than that of  a pMDI. Theoretically, with the SMI 
aerosol transport to deeper lung airways is easier due to 
lower inertial impaction in the upper respiratory system, 
so that the resulting deposition fraction can reach 40% 
for adults[19]. However, besides the advantages of  SMI, 
such a device is relatively expensive. Other SMI designs 
include AERx, and AERx Essence platform (Aradigm, 
Hayward, California)[29].

MDIs and DPIs are both portable and fast delivering 
devices for low medication dosages. Another characteris-
tics of  both device types is that the aerosol generator and 
the medication are not detachable. In contrast, nebulizers 
are able to deliver high medication dosages, and a single 
device can be used with different drugs[30]. 

Compared to pMDIs and DPIs, another advantage 
of  using nebulizers for drug inhalation is that no special 
inhalation techniques are required[12]. However, due to 
the need of  compressed gas or a compressor to operate, 
conventional nebulizers are generally not portable. Ad-
ditionally, the drug-delivery efficacy and treatment time 
using conventional nebulizers are much lower and longer 
than those for pMDIs and DPIs[31]. However, presently 
there appears to be a tendency among physicians to pre-
fer to prescribe a pMDI rather than a jet nebulizer which 
produces more noise and is less portability. 

Comparative efficacy of  different pulmonary drug 
delivery devices has been performed by different research 
groups. Chou et al[32] concluded that MDIs can give a 

December 16, 2014|Volume 2|Issue 12|WJCC|www.wjgnet.com 745

Cartridge

Cyclone base

Powder flow

Powder
formulation

Metering slide

Metering cavity

Figure 2  Typical structure of unit-dose dry powder inhaler.

Jet Ultrasonic Vibrating mesh

  Features
    Power source Compressed 

gas or 
electrical 

mains

Electrical mains Batteries or 
electrical mains

     Portability Restricted Restricted Portable
    Treatment time Long Intermediate Short
     Output rate Low Higher Highest
    Residual volume 0.8-2.0 mL Variable but low < 0.2 mL
  Environmental contamination
     Continuous use High High High
     Breath-activated Low Low Low
     Performance    
     variability

High Intermediate Low

  Formulation characteristics
     Temperature Decreases Increases Minimum change
     Concentration Increases Variables Minimum change
     Suspensions Low efficiency Poor efficiency Variable efficiency
     Denaturation Possible Probable Possible
     Cleaning Required, after 

single use
Required, after 

multiple use
Required, after 

single use
  Cost Very low High High

Table 1  Comparisons of conventional categories of nebulizers
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faster and more economical approach to deliver broncho-
dilator drug aerosols for asthma treatment in elder children 
and adults. A similar conclusion was reported by Batra et al[33] 
for the aerosolized salbutamol in an acute exacerbation 
of  asthma in children. Delgado et al[9] investigated nebu-
lizers vs MDI with spacers for bronchodilator therapy to 
treat wheezing in children aged 2 to 24 mo. They drew the 
conclusion that although younger patients are often un-
able to coordinate inspiration with activation of  the MDI, 
thereby limiting the effective amount of  drug inhaled, 
MDI with spacers may be as efficacious as nebulizers for 
the emergency department treatment of  wheezing in chil-
dren aged two years or younger. Dhuper et al[34] claimed 
that using a MDI with a spacer may result in a marked 
reduction in time and effort, thereby saving the total cost 
for treatment compared with conventional nebulizers. 

While the optimization of  treatment using MDIs re-
quires coordination between inspiration and actuation, 
which is difficult to achieve by patients[13], most DPIs 
generate and deliver drug aerosols depending on subject-
specific inhalation efforts. Indeed, the dose delivered by 
DPIs is more related to the inspiratory flow rate than by 
the device[35]. Specifically, MDIs are able to generate more 
consistent aerosol sizes across a range of  inspiratory flow 
rates. In contrast, the aerosol-size distributions produced 
by DPIs are reported to be highly dependent on the inha-
lation patterns, with some being showing more sensitive 
than others[36].

Not surprising, all drug delivery devices have advan-
tages and limitations. Device selection must consider por-
tability, convenience level for users, therapeutic efficacy 

as well as low cost and high safety[12]. As mentioned, the 
therapeutic efficacy is determined by many factors, i.e., the 
kind of  medication used, the aerosol’s physical and chemi-
cal properties, as well as the patient’s inhalation patterns 
and the physiology of  their respiratory systems[30].

The efficacy enhancement of  drug delivery devices can 
be achieved through two major strategies: (1) improved 
drug formulation; and (2) improved device structure de-
sign. The primary goal is to control the agglomeration of  
drug aerosols inside devices to reduce drug residues in the 
device, thereby enhancing the efficacy.

Drug formulation: The physical and chemical proper-
ties (e.g., particle size distribution, shape, surface charge, 
hygroscopicity, etc.) of  drug-particles are most important. 
Usually, drug formulations, including drug-carrier selec-
tions, are able to lower inhaler retention and improve 
transport, the proportion of  drugs that reach the desired 
lung site, and the stability of  the drug in vivo. Sufficiently 
strong attractions between carrier and drug must be guar-
anteed for maintaining the stability of  the medication 
mixture. However, the attractions between carrier and 
drug must also be sufficiently weak so that the release 
of  the medication from the carrier will not be impeded 
inside the human respiratory system[3]. Sahane et al[3] also 
discussed the formulation of  drugs for DPIs. For ex-
ample, DPIs are formulated using four types of  formula-
tion strategies: Carrier Free, Drug Carrier, Drug Additive, 
Drug Carrier Additive. Specifically, therapeutic dry pow-
ders for inhalation are often composed of  fine drug par-
ticles and inert coarse carrier particles such as lactose[37]. 
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Figure 3  Typical structures of different nebulizer categories. (Reprinted with permission from Ref.[117]. A: Atomizer (jet nebulizer); B: Ultrasonic wave nebulizer; 
C: Vibrating mesh nebulizer.

  Product name Type Pros Cons

  PARI Vios® Jet nebulizer Low operational cost,  robust in structure, effective in nebu-
lizing suspensions

Relatively bigger in size and heavier in 
weight; more noisy

  Omron MicroAir® Electronic nebulizer Does not heat the medicine, quiet and fast drug delivery Comparatively expensive;
  Omron NE-U17®, Beurer 
  Nebulizer IH30®

Ultrasonic nebulizer Silent and portable replaced much more frequently

  Omron NE-U22V®, Vibrating mesh nebu-
lizer

Higher output efficiency, minimal residual volume, and 
High percentage of particles in the emission, small in size

Less efficient in nebulizing aerosols
  Pari E-Flow® 
  Pari LCD® Breathe-enhanced nebu-

lizers
Higher output efficiency avoiding apparatus loss and 

exhaled loss
N/A

  AeroEclipse® Dosimetric nebulizer Higher output efficiency avoiding apparatus loss and 
exhaled loss

N/A

Table 2  Advantages and disadvantages of different nebulizer products

Kleinstreuer C et al . Drug-targeting methodologies with applications 

Aerosol particles



Sufficient detachment of  the drug from its carrier must be 
guaranteed to improve the delivery efficiency. Improved 
formulation should reduce the particle-particle interact-
ing forces which are the major cause of  the agglomeration 
between drugs and carriers. Furthermore, adding preser-
vatives and mixing it with other drugs will also influence 
device output and aerosol characteristics in a good way[38]. 
Formulations for pMDIs are also necessary. For example, 
mast cell stabilizers such as cromoglicate or nedocromil are 
used to extend the duration of  the device[11]. In the recent 
decade, non-hygroscopic mannitol exhibits particularly 
great promise as an attractive carrier in DPI systems to re-
place lactose[37,39]. Additionally, it is necessary to minimize 
the adhesion intensity between the drug particle and the in-
ner wall of  the inhalers by using surface treatment to reduce 
inhaler retention and enhance the drug delivery efficacy[40].

Device structure: Device structures can have a strong 
impact on the velocity field inside the device, thereby 
influencing the drug suspension characteristics. For ex-
ample, the design of  the actuator plays an important role 
in the delivered spray characteristics generated by pM-
DIs[11]. Specifically, the design variables of  the actuator 
are expansion chamber size and shape, nozzle diameter, 
nozzle path length, mouthpiece length and shape, breath-
actuation, spray velocity modification, and spacer attach-
ment[19,41]. For nebulizers, the chamber design using a one-
way valve is important to decrease aerosol waste during 
exhalation[27]. Also, the mouthpiece design is essential to 
lower the percentage of  drugs remaining in the device. 
For example, increasing the cross-sectional area of  the 
mouthpiece section will decrease the emitting velocity 
of  the drug aerosol thereby lowering the extent of  drug 
deposition in the oral cavity due to the inertial impaction 
effect[42]. Other factors related to structure which will in-
fluence the device performance are flow path design and 
manufacturing design[7].

The patient’s inhalation behavior, in light of  the correct 
utilization of  a drug delivery device, is likewise essential 
for successful therapy. Specifically, it needs to be guaran-
teed that a patient can easily use the device correctly and 
properly thereby optimizing the therapeutic efficacy[27]. 
Therefore, the ideal design of  drug delivery devices should 
include the following characteristics[11,22]: (1) attractive in 
appearance, easy to use, and easy to carry; (2) accurate and 
uniform delivery of  medication over a variety of  patient’
s inhalation intensities; (3) reliable qualitative drug delivery 
control throughout the life of  the inhaler; and (4) low cost 
with high efficacy. 

Traditionally, the biotechnology and pharmaceutical 
industries preferred jet nebulizers for novel medication 
development, considering their capabilities to deliver 
higher doses of  drugs and the lower research and devel-
opment expenses than other types of  devices[19]. How-
ever, recently many companies have recognized the long 
time duration at each treatment experienced by patients. 
Therefore, to handle that issue they have been starting 
preclinical development with novel devices based on 
more efficient and advanced drug delivery technologies.

In the previous two decades, a few innovative inhaler 
designs have been developed, providing more efficient 
drug aerosol delivery[12]. New designs and new improve-
ments were presented in several papers[11,12,19,20,43-46]. For 
example, the improvement of  pMDIs is mainly focusing 
on providing more precise targeting, dose metering, and 
easy actuation. Related new products are listed by Dolov-
ich et al[12]. For new designs of  the major three classes of  
inhalers, Zhang et al[20] proposed novel active and multi-
dose dry powder inhalers which are able to utilize the 
compressed air to deliver a small quantity of  extra fine 
particles with high delivery efficacy. A new design for 
a nebulizer with flow meter function was proposed by 
Addington et al[46]. By changing DPI device structure and 
drug formulation, Behara et al[47] proposed a design op-
tion of  a DPI which controls the aerosol diameters and 
increases the emitted drug dose. 

Drug-aerosol dynamics: Liquid and solid micro/nano- 
particulate matter (i.e., solid particles and droplets) and 
vapors are generated by drug delivery devices for thera-
peutic purposes. The objective of  targeting is to guide 
and deliver drugs from their releasing position to expect-
ed deposition regions in the human respiratory system to 
optimize the medical effectiveness[48]. The fluid-particle 
dynamics during drug-aerosol transport, deposition, 
absorption, and clearance are essential for guiding the 
optimization technique of  drug delivery. Specifically, “tar-
geting” can be categorized into three levels[1]: (1) delivery 
to a specific lung region, i.e., central or peripheral, right 
or left; (2) delivery to the site of  disease; and (3) delivery 
to distinct cell types with biological barrier transport, e.g., 
epithelial cells, or cells of  the lung associated lymphatic 
tissue. Traditional targeting activities can be also grouped 
into passive and active targeting[49].

As discussed in the previous sections, great progress 
has been made in drug aerosol formulation for better 
drug-aerosol delivery efficiency, as well as controlling 
drug aerosol transport before deposition in lung airways. 
However, it is also necessary to understand the absorp-
tion and systemic transport of  drug aerosols after the 
deposition at the air-blood barriers, which has been rarely 
investigated. In this section, underlying principles for 
drug-aerosol transport and deposition in human respira-
tory systems are discussed to provide valuable insight into 
certain aspects for optimal pulmonary drug-targeting.

Physical and chemical factors which can affect the 
transport and deposition of  drug-aerosols include: initial 
particle size, shape, density, concentration, as well as re-
lease position and velocity; furthermore, the drug-aerosol 
formulation (i.e., hygroscopicity, charge and surfactant) 
as well as the geometric characteristics of  the patient-
specific respiratory system are important[6,41,48].

The underlying principles to describe the complex 
and coupled fluid-aerosol dynamics inside the human 
respiratory systems are the physical conservation laws, 
using the Eulerian or Lagrangian modeling approach. 
Specifically, the Eulerian approach can be employed to 
calculate continuity, momentum and energy equations 
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for the continuous airflow phase, while both Eulerian 
and Lagrange approaches can be used for the discrete 
drug aerosol phases[6,48]. Supplementary equations may be 
necessary for the description of  complex mechanisms, 
e.g., evaporation or condensation of  aerosol droplets[50], 
magnetic-force driven drug-targeting delivery[51], rota-
tional motion of  non-spherical particles[52], etc. Several 
computational fluid-particle dynamics (CF-PD) models 
are available for the calculation of  air-drug mixture dy-
namics[53], such as the discrete phase model (DPM), two-
fluid model, mixture model, dense dispersed phase model 
(DDPM), and the discrete element method (DEM). 

The deposition mechanisms of  aerosol particles or 
droplets - impaction, sedimentation, diffusion and com-
binations in the respiratory tract - have been extensively 
discussed[6,48,54]. Specifically, for microparticles, the depo-
sition may occur due to: (1) secondary airflow (laminar 
or turbulent) induced wall impaction; (2) inertial wall 
impaction; (3) gravity induced sedimentation; (4) particle-
particle interaction induced wall impaction; and/or (5) 
diffusion. For nanoparticles, diffusion, caused by Brown-
ian motion, may become most significant. 

Other than treating local diseases in the respiratory 
system, pulmonary drug delivery is also promising for 
systemic drug delivery which is intended to utilize the 
alveolar region to swiftly absorb drug aerosols. However, 
the processes that take place after an aerosol particle has 
landed on the pulmonary epithelial surfaces, i.e., the dis-
solution, absorption, mucociliary clearance, and systemic 
translocation, still lack information[55]. Using complex 
pharmacokinetic modeling will be helpful in understand-
ing the absorption process through the lung epithelium, 
including parcellular transport and transcellular transport. 
Considering numerical modeling of  this process, mass 
transfer advection-diffusion equations can be employed 
with proper boundary conditions[56]. Furthermore, 
systemic drug transport can be modeled using multi-
compartment mass transfer models for drug-aerosol mi-
gration into the mucus-tissue-blood system[57,58]. Factors 
affecting drug absorption are physiochemical properties 
of  drug aerosol particles (e.g., hydrophobicity), co-admin-
istration conditions, lung pathophysiology, etc.[55]. 

With decreasing computational limitations and the ad-
vancements in commercial CFD software development, 
more realistic numerical models are becoming available 
for the simulation of  dense particle suspensions as well 
as droplets with heat and mass transfer. Those models 
can be used for the design of  drug delivery devices[59]. 
Although experiments can provide some information 
about the airflow field of  the drug delivery device[60], us-
ing CFD-techniques provide more detailed information 
when compared to experiments. Specifically, computer 
simulation models require initial and boundary conditions 
as well as the geometry of  the flow domain of  the device. 
Once fully validated, they are cost-effective tools to ana-
lyze factors influencing the performance of  drug delivery 
devices, e.g., turbulence in the inhaler, spray momentum 
and inlet jet effects, as well as best possible geometric de-

sign and operation.
Originally, CFD was only utilized for airflow field 

analysis of  the drug inhalers[61,62]. With the develop-
ment of  numerical multiphase flow methods, simulation 
techniques were used for the design and analysis. For 
example, Kleinstreuer et al[63] numerically investigated the 
transport and deposition of  drug droplet aerosols from 
a pMDI into a model of  the human respiratory system. 
The parametric analyses with different propellants, nozzle 
diameters, and releasing positions were presented. Based 
on the numerical results, they found that using a smaller 
nozzle provides a better atomization effect and finer 
droplets with more uniform dispersion. 

Recently, based on the numerical model established by 
Worth Longest et al[64,65], Longest et al[13] investigated dif-
ferent aerosol deposition in human lung airways between 
a specific MDI and DPI. Fluent 12.0 with user-defined 
functions (UDFs) was employed for the Euler-Lagrange 
numerical simulations. They claimed that for the specific 
inhaler models they investigated, MDI is able to deliver 
significantly more drugs to the tracheobronchial region 
when compare to DPI. It is worth mentioning that they 
did not consider any particle-particle interaction effects. 
Jiang et al[66] investigated the design impact on a commercial 
DPI using the LRN k-ω model in ANSYS Fluent 6.2.16. 
However, they did not simulate powder transport and subse-
quent deposition by using any multiphase flow model. Based 
on CFD analysis, Longest et al[67] evaluated associations be-
tween aerodynamic parameters and DPI performance for 
a carrier-free formulation, forming micron/submicron-
scale drug aerosols. Factors which may influence the dis-
persion of  aerosol particles were discussed. 

With the development of  computational fluid dynamics-
discrete element method (CFD-DEM), the discrete element 
method is a robust and computational economic model to 
simulate the highly dynamic process (i.e., particle-particle 
interaction) for dense powder dispersions in inhalers[68]. In-
haler developments based on CFD-DEM simulations have 
been focused on pharmaceutical agglomerate break-up in 
DPIs[59]. For example, Tong et al[68,69] recently employed AN-
SYS Fluent with in-house UDFs, describing powder disper-
sion in a commercial Aerolizer® Inhaler model. They also 
investigated the factors influencing the performance of  the 
inhaler based on their numerical simulation results. They 
found that at low flow velocities, agglomerates consisting 
of  particulate matters with smaller diameters were more 
difficult to disperse. They also claimed that the dispersion 
efficiency is proportional to the ratio of  the particle impact 
energy and particle-particle cohesion energy. 

In summary, it is promising to use CFD-DEM or 
DDPM-DEM for the simulation of  dense drug-powder 
suspensions in pMDIs and DPIs, because of  the DEM ca-
pability of  taking into account the particle-particle contact 
interaction as well as the computational economy aspect. 
CF-PD models can also provide guidance for drug delivery 
and hence enhancing methodology developments which 
are discussed in Section 2.2. For a recent review see Ru-
zycki et al[70].
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Design and strategies for direct drug-targeting 
Existing drug aerosol delivery devices, including those 
that attempt to target specific areas in the lung, exhibit 
poor efficiencies (e.g., from 5% to 20%). Efforts are being 
made to improve direct drug delivery through the pulmo-
nary route. The goal is to provide high doses of  drugs to 
lung tumor tissue via inhalation, resulting in treatment ef-
ficiencies and low adverse side effects.

Smart inhaler system methodology: Kleinstreuer et 
al[63] analyzed computationally the performance of  pMDIs 
with and without spacers and compared their deposition 
efficiencies with that of  a smart inhaler system (US Patent 
7900625 issued 03/08/2011) based on a new optimal tar-
geting methodology[71]. A novel smart inhaler system (SIS), 
which achieves up to 85% drug-aerosol deposition efficien-
cy, is being prototyped and experimentally tested. The SIS 
is a device for directed aerosol delivery to predetermined 
lung sites, facilitated by an adaptive nozzle and a mecha-
nism for inhalation waveform modulation. The aerosol 
particles are released through a nozzle which incorporates 
lightweight, multifunctional shape memory materials that 
allows to move the nozzle’s optimal radial position based 
on subject-specific numerical data. The SIS is promising to 
notably improve the aerosol delivery efficiency to specific 
locations through pulmonary routes, thereby reducing un-
wanted deposition in healthy lung airways. 

Enhanced deeper lung delivery of  nano- and micro-
pharmaceutical aerosols via condensational growth: 
Drug aerosol losses occur because of  high deposition 
in the nasal passages or in the oral cavity due to impac-
tion. To enhance drug-aerosol delivery into deeper lung 
airways, enhanced condensational growth (ECG) and 
excipient enhanced growth (EEG) methods have been 
proposed and validated by experiments in vitro[13,72-74]. 
Based on the fact that the larger mass mean aerodynamic 
diameter of  drug aerosols indicates strong impacting, de-
position of  particles before entering the trachea as well as 
most submicron particles inhaled will be exhaled without 
depositing in the lung airways. Thus one can utilize the 
high relative humidity of  the ambient air or inside the hu-
man respiratory system to control the trajectories and de-
positing sites of  the particles in human pulmonary routes, 
relying on different condensational growth rates of  such 
sub-micron aerosols of  different formulations. Specifi-
cally, submicron particles are emitted from the inhalers 
which are able to initially penetrate through the oral or 
nasal cavity, thereby reducing the deposition before en-
tering the trachea. With the condensation effect, those 
particles will grow in size and most of  them will deposit 
in deeper lung airways. For ECG, the sub-micron aero-
sols are inhaled with highly humidified air at a tempera-
ture higher than that of  the human body. The droplets 
will grow due to the condensation of  surrounding water 
vapors when they enter the human respiratory system[72]. 
For EEG, hygroscopic excipients are formulated with the 
drug and the formulated drug aerosol will absorb water 
inside the human respiratory system. Although these 

methods result in higher pulmonary deposition, they are 
not able to provide location-specific delivery (see Level 2).

Magnetic nanoparticles for site-specific pulmonary 
drug delivery: Another active targeting strategy is mag-
netic targeting, which can be realized by combining mag-
netic nanoparticles (i.e., γ-Fe2O3 and Fe3O4) with micron 
particles or droplets[51,75-79]. These types of  particles are 
also called magnetic nano-in-microparticles (NIMs). An 
external magnetic field will be enforced to guide drug 
aerosols to specific regions of  the lung (Figure 4), thereby 
reducing undesired side effects, e.g., mitigating deposition 
on healthy lung tissues. To succeed in direct drug delivery, 
those magnetic nanoparticles should have characteristics 
such as mono-dispersity, superparamagnetism, stability 
and biocompatibility[80]. 

However, further translation of  magnetic nanopar-
ticles may cause potential health problems and need 
further clinical investigations. The long-term effects of  
magnetic nanoparticles need to be studied as well[77]. For 
example, concerns associated with long-term tissue dam-
age, toxicity, carcinogenesis, immunogenicity, and inflam-
mation need to be investigated to improve the production 
of  magnetic nanoparticles[81].

Shape engineering for novel drug carriers: For pul-
monary drug delivery, the deposition pattern and clear-
ance from deposition sites are two key parameters for a 
proper design of  drug-delivery carriers[82]. For example 
the particle shape of  drug carriers has a profound impact 
on optimizing performance of  drug delivery. Compared 
to spherical particles, numerical studies have shown that 
fiber-like particles are more likely to reach the deeper 
lung airways[52,83]. Also, fiber-like carriers have better 
internalization abilities than spherical particles for drug 
delivery[84]. This finding demonstrates that when target-
ing drugs into deeper lung airways, fiber-like drug carri-
ers may perform more efficiently than spherical ones. A 
recent study demonstrated that using elongated fine man-
nitol particles enhance the aerosolization performance 
of  inhalable drugs which may improve the efficiency of  
drug delivery from the devices[37,85]. It is promising to ex-
plore the shape as an important parameter for improved 
drug delivery performance.

Multifunctional Nanoparticles: Today, the size of  
drug aerosol particles can be reduced from tens of  mi-
crometers to tens of  nanometers (i.e., less than 100 nm 
in size), which is a significant technological and medical 
breakthrough. Drug-delivery systems for nanoparticles 
have been developed which can potentially enhance 
the efficacy and reduce side effects for a wide range of  
drugs. Due to the small inertia of  nanoparticles, they can 
avoid impacting the oral cavity when being inhaled, and 
hence they are transported deeper into human lung air-
ways. Those nanoparticles with diameters around 50 nm 
have been reported to be most efficiently internalized by 
cells[86]. The design of  multifunctional nanoparticles for 
treatment of  pulmonary diseases (i.e., lung cancer) is also 
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a promising methodology. Additional functionality such 
as image contrast enhancement can be realized by add-
ing other constituents into multifunctional nanoparticles, 
thereby assisting better drug-targeting control. Multifunc-
tional nanoparticles can be designed for detecting infect-
ed cells, and delivering drugs specifically to those cells, 
and leaving healthy organs and lung cells unaffected[87]. 
Multifunctional nanoparticles can also deliver multiple 
therapeutic agents in a single formulation[49]. A multi-
functional nanoparticle consists of  a surface coating, 
imaging agent for detection, and therapeutic drugs. The 
aims of  multifunctional nanoparticles are[49]: (1) enable 
specific targeting and aid in uptake realized by surface 
modification; (2) avoid fast endothelial system clearance 
via surface coating technology[88], and thereby extending 
circulation time and enhance uptake; and (3) load higher 
concentrations of  multiple remedial agents that can over-
ride multidrug resistance and result in therapeutic effects.

However, more work is needed to understand the fate 
of  nanoparticles after inhalation, including interactions 
with biological cells and nano-toxicity. Also, in a recent 
review article, Cheng et al[89] discussed the costs and regu-
latory hurdles for using multifunctional nanoparticles vs 
their potential benefits.

INTRAVASCULAR DRUG-TARGETING 
METHODOLOGIES FOR SOLID TUMORS
In addition to drug-targeting in the pulmonary system, 
much focus has been placed on treating unresectable tu-
mors via intravascular therapies. These therapies involve 
either systemic or local, intra-arterial delivery of  thera-
peutic agents such as chemotherapeutic drugs, multi-

functional nanoparticles (NPs), radioactive microspheres, 
or embolic agents. While micron-sized agents must be 
delivered locally due to their embolic potential, this local 
drug administration is also beneficial for delivering higher 
therapeutic concentrations to cancer cells.

Intra-arterial delivery is often achieved using a locally 
placed drug-infusion catheter. However, due to the often 
tortuous and small size of  the complex arterial systems 
leading to tumors, it is difficult or impossible to manually 
position this catheter directly in tumor-supplying arteries. 
As a result, therapeutic agents can still deposit in healthy 
tissue and/or travel to other organs. Thus, techniques are 
needed to better target predetermined cancer sites from 
upstream. Some existing methods include passive and ac-
tive targeting for multifunctional nanoparticles as well as 
magnetic drug targeting. As will be discussed in the next 
sections, the shortcomings of  these methods are that the 
nanoparticles must be very close to the tumor for passive 
and active targeting to be effective, and the magnetic par-
ticles must be near the body’s surface and in slow blood-
flow systems for magnetic drug targeting to be success-
ful. As a result, a direct drug-targeting strategy has been 
proposed which uses knowledge of  the patient-specific, 
local blood flow field to precisely position a smart micro-
catheter radially and deliver the therapeutic agents to the 
tumor directly. Current research is focused on developing 
and testing such a device.

Passive and active targeting
Being less than 1 μm in at least one dimension, multi-
functional nanoparticles can more readily extravasate 
through tumor vessels and attach to cancer cells with the 
help of  passive and active targeting. Specifically, passive 
targeting takes advantage of  the leaky walls and poor 
lymphatic drainage of  many tumor vessels. This allows 
NPs to more readily enter the tumor interstitium and 
linger for extended periods (i.e., the enhanced permeabil-
ity and retention effect)[90-100]. Active targeting can then 
enhance tumor accumulation through ligand-receptor 
binding which is achieved by incorporating ligands on 
the drug’s surface to selectively attach to over-expressed 
antigens or receptors on tumor cells[101,102]. This targeting 
can also enhance therapeutic efficacy through receptor-
mediated endocytosis. 

The limitation of  these passive/active-targeting events 
is that the NPs must come in close proximity to the tu-
mors for both strategies to be effective. Thus, the NPs’ 
size, shape, surface properties, and targeting ligands have 
been modified in attempts to lengthen their circulation 
time and increase site specific accumulation[91,103-105]. For 
example, drug-loaded nanoparticles are often coated 
with polyethylene glycol to minimize the attraction of  
proteins which trigger immunogenic responses leading to 
system clearance. However, while such characteristics are 
beneficial for prolonging the NPs circulation time, they 
can also be detrimental once the NPs are near the tumor 
cells due to their resistance to endocytosis. Thus, the pos-
sibility of  dynamically altering these characteristics in vivo 
is currently being investigated[106]. Such functionality has 
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been achieved by taking advantage of  the different pH, 
temperature, and enzyme levels in and around tumors. 
Despite these efforts, NPs still face filtration by non-
target organs or clearance by the immune system before 
reaching the tumor[91,103-105,107].

Magnetic drug targeting
Magnetic drug targeting is one technique for increasing 
NP accumulation at solid tumors. In this method, drugs 
are bound to magnetic nanoparticles, and an external 
magnetic field is applied to attract the particles to a target 
site. Several studies have demonstrated the feasibility of  
this approach through computational and animal studies, 
and a few have demonstrated this targeting in human tri-
als. Recently, studies have focused on obtaining a better 
understanding of  the parameters which affect magnetic 
targeting success. For example, Kayal et al[108] experimen-
tally and computationally analyzed the effects of  the flow, 
magnet, nanoparticle properties, and injection site on 
deposition efficiency. As expected, they found that the ef-
ficiency was lower for increased flow rates, lower magnetic 
field strength, and smaller NPs. These, and other stud-
ies, demonstrate that the current applications are limited 
due to restrictions on the particle size and magnetic field 
strength. Specifically, this technique is only applicable 
when the tumor is located near the body surface and the 
flow rate is small. To overcome this, implant-assisted 
magnetic drug targeting has been proposed in which a 
magnetic implant is inserted near the target site to increase 
the magnetic field gradient in deep tissue[109]. However, 
this technique is still not likely to resolve the downstream 
tumor-targeting problem because it may not be feasible to 
place these implants as near to the tumor as necessary.

Direct drug-targeting
As an alternative to the current strategies, a novel direct 
tumor-targeting methodology has been proposed. In this 
technique, the catheter position (i.e., radial position in 
the arterial particle-injection plane), infusion speed, and 
injection timing are precisely controlled so that the in-
jected drug-loaded particles are carried by the blood flow 
directly to the target site[110]. While previous work has 

demonstrated that the particle infusion speed should be 
relatively equal to the surrounding blood flow[111,112], the 
remaining conditions are determined by computational 
simulations which mimic the targeted arterial system. 
Specifically, a vast amount of  particles are infused over 
the selected injection position of  the truncated arterial 
system, and their transport is modeled through the sys-
tem. By backtracking along the particle trajectories (as 
indicated in Figure 5), a patient-specific particle release 
map (PRM) can be generated, which visually links par-
ticle injection regions with associated exit branches, some 
potentially connected to tumors. Such PRMs can then 
be used to determine radial micro-catheter positions to 
achieve optimal targeting. For example, in the scenario 
given in Figure 5, the catheter should be placed in the red 
zone (zone 1) of  the PRM while avoiding the remain-
ing zones. By generating multiple PRMs at subsequent 
intervals throughout the cardiac cycle, the best injection 
interval can also be determined[113]. 

The computational medical management program: 
The Computational Medical Management Program has 
been proposed to implement this targeting methodology 
into clinical practice. As illustrated in Figure 6, there are 
three basic stages in this program: (1) the patient evalua-
tion stage; (2) the computer modeling stage; and (3) the 
clinical implementation stage. 

As in current intra-arterial procedures, the patient eval-
uation stage includes classification of  the tumor and de-
termination of  the best treatment route. In the proposed 
procedure, the patient’s geometry and flow conditions are 
also collected in this stage. In the next stage, computation-
al case studies are run in the truncated geometry to deter-
mine the best injection region and interval for targeting as 
well as the appropriate time to terminate injection. In the 
final stage, optimal catheter positioning and injection is 
achieved using the proposed Smart Micro-Catheter (SMC) 
and Medicine Supply Apparatus (MSA). As in current 
procedures, success of  the treatment is then evaluated.

SMC system for optimal drug-delivery: As introduced 
in the previous section, a SMC and MSA have been 
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proposed to achieve direct tumor-targeting. The main 
objective of  the SMC is to provide precise intra-arterial 
positioning of  the particle injection stream, while the main 
objective of  the MSA is to supply the particle stream to 
the SMC at the appropriate interval and speed for target-
ing. Figure 7 illustrates sample concepts for each device. 

Experimental and computational studies: As an initial 
validation of  this direct tumor-targeting strategy, Richards 
et al[114] performed experimental studies in a scaled-up, 

rigid hepatic artery system with steady Newtonian-fluid 
flow. Using the generated particle release map from the 
corresponding computational simulation, it was demon-
strated that specific downstream arteries could be targeted 
by precisely positioning the particle injection region up-
stream. While additional computational studies have dem-
onstrated the feasibility of  this technique under more re-
alistic conditions such as transient pulsatile flow, a patient-
specific geometry, and flexible arterial walls[111-113,115], future 
experimental studies will need to verify these findings.
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CONCLUSION
In this review article, we compared and discussed dif-
ferent drug-delivery devices and drug-targeting method-
ologies using pulmonary or intravascular routes, as well 
as related computational fluid dynamics techniques and 
applications. Drug-targeting has the potential to greatly 
enhance drug-delivery efficacy, reduce side effects, and 
lower treatment cost. However, the vast majority of  
drug-targeting studies assume that the drug-particles are 
already at the target site or at least in its direct vicinity. 

In this review, drug-delivery methodologies, drug types 
and drug-delivery devices are discussed with examples in 
two major application areas: (1) inhaled drug-aerosol de-
livery into human lung-airways; and (2) intravascular drug-
delivery for solid tumor targeting. The major problem 
addressed is how to deliver efficiently the drug-particles 
from the entry/infusion point to the target site. Experi-
mental results so far are based on simple laboratory stud-
ies and restrictive animal tests. Concerning computational 
fluid-particle dynamics, further advancements in software 
and hardware are needed to develop faster, more realistic 
and accurate computer simulation models.

Pulmonary drug targeting
As mentioned, the selection of  drug delivery device and 
drug aerosol formulation has a critical influence on pul-
monary drug-targeting efficiency. To further optimize 
the pulmonary drug-delivery process and provide more 
effective therapy, the focus should be on the following 
aspects: (1) control the aerosol generation process[116]; (2) 
control the aerosol deposition patterns in lung airways; 
and (3) control the aerosol transport after penetrating 
the air-blood barriers. Specifically, due to the scarcity of  
air-blood barrier transport of  drug aerosols via the lung 
route, it is of  interest that to know to what extent drug-
aerosols can be absorbed or cleared. That will affect the 
systemic drug delivery effectiveness, including modulation 
of  solubility in the airway-surface layers and the perme-
ability across the epithelial barrier to improve pulmonary 
bio-availability of  the active pharmaceutical ingredients. It 
should also control the clearance process to prolong the 
action of  the active pharmaceutical ingredients.

Solid-tumor targeting
It is evident that the micron- or nano-drugs have to be 
delivered directly from the infusion point to the pre-de-
termined tumor site to guarantee high treatment efficien-
cy, minimal side-effects, and low cost. Such a direct drug 
delivery equates to optimal tumor targeting. Concerning 
the promising smart micro-catheter system, i.e., a com-
bined and synchronized SMC and MSA assembly, SMC-
device miniaturization and system testing in the lab and 
clinical environment are ongoing and planned projects.
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Abstract
In the current socio-economic scenario characterized by 
a growing shortage of resources and progressive bud-
get constraints, the need to better coordinate process-
es in health institutions appears as a relevant aspect 
to ensure the future sustainability of system. In this 
sense, Relational Coordination (RC) provides a valuable 
opportunity for the reconfiguration of clinical guidelines 
concerning isolated single-level considerations. In this 
research the RC model has been applied to explain best 
results in the process of diagnosing and offering clinical 
treatments for lung cancer. Lung cancer presents the 
higher rates of tumor’s mortality worldwide. Through 
unstructured and informal interviews with clinicians at 
both levels (Primary/Specialist Care), a diagnosis of the 
situation in relation to joint management of lung cancer 
is provided. Solutions of continuity in terms of coordi-

nation are explained due to the observation of lack of 
effective knowledge transfer between the two levels. It 
is this disconnection which justifies the introduction of 
a modified model of RC for the study and implementa-
tion of transfer relations between the knowledge hold-
ers, in order to structure consolidated and cooperative 
evidence-based models that lead to a substantial short-
ening in the response times with a marked outcomes 
improvement. To our knowledge, the application of this 
model to a Public Health problem bringing together both 
levels of care, hasn’t been made till now.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Relational Coordination; Lung cancer; Clini-
cal pathway; Dialogic practices; High performance work 
systems; Healthcare performance

Core tip: Innovative managerial frameworks have to be 
put into practice when treating severe diseases. Rela-
tional Coordination makes possible to enhance inter-level 
knowledge networks to obtain better outcomes from the 
perspective of the National Health System and the pa-
tients. Through systematic revision, it has been checked 
that only in the fields of Endocrinology and Psychiatry 
have these frameworks been applied. This model tries to 
establish a coordinative solution within the field of Oncol-
ogy, implementing the Theory of Relational Coordination 
as a tool to get optimal results in lung cancer.
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ment, collaborative scenarios are required in order to get 
to an integral coordination of  health problems via multi-
level strategies[1-3]. This statement acquires higher impor-
tance once we consider some concrete disease processes 
that, due to their increasing incidence and associated costs 
from both the patient’s and the National Health System’s 
(NHS) perspective, constitute core objectives for specific 
interventions that may reduce time to take accurate deci-
sions headed to resolute, chronify or minimize the pain 
caused by the disorder. Coordination networks building 
and optimization of  multi-level tacit knowledge transfer, 
would provide cost containment per patient stay to the 
NHS and to the social welfare system, contributing this 
way, to increase Quality Adjusted Life Years decreasing, as 
well, Disability Adjusted Life Years.

The objective of  this study is to apply the Relational 
Coordination (RC) Model[4-6] to a determined health 
problem in order to implement the appropriate treatment 
trajectories based on continual permutation of  actions[7] 
that return positive outcomes on the indicators formerly 
mentioned. Although, as far as we know, this model has 
proven very good results in hospitals, nothing has been 
performed using this model to check out the effectiveness 
of  coordination strategies between levels of  care, when 
considering the design of  common pathways to treat suc-
cessfully neoplasia as a serious Public Health concern.

To enforce this objective, lung cancer has been selected 
as an example of  great relevance disorder. This is due 
to: its really important Disease Load[8,9], high treatment 
cost[10,11], social coverage of  disabilities, side-effects on pro-
ductivity[12], assistance discontinuity between Primary (PC) 
and Specialized Care (SC)[13] and lack of  common recog-
nized procedures and pathways between them and within 
every isolated level.

This study is focused on comparing actual circuits that 
patients from PC follow until they get to their reference hos-
pital (in this study we consider a high complexity one, Be-
veridge typology within a National Health System, with its 
made-to-measure design of  Lung Cancer Clinical Pathway), 
with our proposal of  modified, multilevel RC model applied 
to clinical trajectories that permit assistance continuity.

As a consequence, it is absolutely necessary to build a 
clinical alert system triggered by proven suspicion of  neo-
plasia. This needs to be in accordance with the next health-
care level (SC) to, under the premise of  evidence-based 
clinical practices, develop quick completion check-lists that 
enable immediate[14] transference of  patients to the ad-
equate level, using information technologies as preferred 
communication channel[15,16].

With respect to inter-level coordination, we can 
highlight that this is not a clinical routine. As scientific 
literature points out, this cooperative strategy is put into 
practice by medical specialties not or discretely related to 
Oncology, such as Endocrinology o Psychiatry. Actually, 
we find no evidence of  cooperative inter-level strategies 
being carried out in the field of  Oncology[17]. Difficulties 
in structuring these kinds of  practices lie on the basis of  
knowledge transfer[18,19] in organizations characterized 
by the dominance of  its tacit component[20,21] that rarely 

show High-Performance Work Systems (HPWS) prac-
tices[22]. Furthermore, organizational designs for effective 
and efficient management of  oncologic diseases have to 
be both adaptative and dynamic[23] to be aligned with the 
state-of-the-art advances recognized in gold standards. 

To this respect, RC appears as a high-traceable bi-
directional tool to provide excellence in neoplastic lung 
disease treatment. The model theorized by Gittell[5] of-
fers a global coordinative vision of  the organizational 
process, helping to figure out inefficiencies that can be 
corrected by initializing and implementing cooperative 
practices and, as a result, proactive organizational designs 
that tend to rationalize use of  resources. Additionally, it 
contributes to establish optimal relational dimensions for 
potential efficiencies of  scale and scope depending on 
the attributes of  relational and intellectual capital within 
the organization[24-27]. 

A noteworthy aspect of  the suitability of  the model 
of  choice is supported by the complement that offers 
for the integration of  related scientific approaches within 
the field of  Business Organization, such as Operational 
Management. This will allow the development of  fur-
ther studies to refine reengineering process via supply-
chain, thus contributing to the optimization of  both the 
intermediate (surrogate-end-points) and the final results 
observed in patients (outcomes), and in the income 
mediated by Risk Adjustment Systems[28] used in health 
financing. Thus, if  the inefficiencies inherent in the coor-
dination process of  the disease are debugged, additional 
financial returns (based on capitation criteria related to 
the number of  processes) could be achieved (even from 
the health organization’s perspective with regard to cost-
efficiency). Another feature that makes Gittell’s[5] model 
ideal for our purpose, is that it previously develops a 
series of  tables analyzing HPWS practices, correlat-
ing its absence or presence with RC and, consequently, 
with final outcomes. Thus, the same model before being 
implemented, allows a diagnosis of  the situation in terms 
of  the practices mentioned. Once conclusions resulting 
from field work have been extracted, the implementation 
of  the model can lead to the development of  the absent 
figures, resulting in a multidirectional dynamic feedback 
identifiable with the continuous improvement cycle[29].

Moreover, and in a methodological approach, given 
the intangible nature of  the concepts that promote op-
erational developments in the organization as well as their 
interaction and mutual influence, the model enables the 
application of  multivariate analysis techniques focused 
on structural equations. This has the potential to provide 
greater rigor and validity when checking the assumptions 
in a context of  real research.

In addition, via RC valuable information it would be 
possible to extend the network (regarding the possibil-
ity of  generating “Value Networks”[30] in the process) to 
other stakeholders such as pharmaceuticals and health 
technology companies, and even to managerial super-
structures committed on public health concerns.

Incorporating the principles of  Business Organization 
to the clinical setting is absolutely essential to promote 
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the reduction of  redundant, iterative processes in tradi-
tionally knowledge intensive organizations. These have 
ignored their role as business managers of  a huge amount 
of  resources, in interest of  a pretended clinical excellence 
oriented to complex phenomenology and high media im-
pact in terms of  prestige, influence and fund raising, but 
with little residual value in the generation of  efficiencies 
of  scale and scope, given the peculiarities involved in ter-
tiary healthcare.

Given the above, the model postulated by Gittell[4,5] 
having been tested previously[6] in these types of  organi-
zations, is an excellent reference for the detailed study of  
the relationships involved in designing healthcare proce-
dures between the different levels. It provides the basic 
tools for understanding and constructing a single treat-
ment line that does not register any undesirable delays at-
tributable to gaps in knowledge and other factors, includ-
ing relational. The model also facilitates the continuous 
review of  the adequacy of  the approaches proposed and 
its comparison with reference standards in relation to 
screening, extension study, staging, treatment, monitoring 
and rehabilitation of  lung neoplasia.

INTER-LEVEL PROCESS MAP AND LUNG 
CANCER CLINICAL PATHWAY IN A 
HIGH-TECH HOSPITAL OF A NATIONAL 
HEALTH SYSTEM
Before accessing the clinical pathway itself, there are 
many routes to be made by patients in their journey be-
tween the two levels of  care. This route identifies itself  

with the diagnosis and treatment of  the disease, and 
represents the transition between access to primary and 
secondary healthcare (Figure 1). For operational reasons, 
it excludes access to tertiary level (rehabilitation).

To carry out the process map, unstructured interviews 
during the months of  March, April and May 2012 have 
been developed with Pneumologists and General Prac-
titioners (GP), as key agents in the user’s address to the 
specific resources for diagnosis and treatment.

The patient’s contact with the system starts at the level 
of  PC in the Health Center, where the person requests for 
consultation to GP due to a series of  signs and/or symp-
toms which may be more or less related to tumors. At this 
point, a series of  basic tests as conventional radiology and 
blood analytics are required. It is here, where they may be 
starting to produce the first delayed diagnosis attributable 
to the transfer of  knowledge not based on evidence, since 
these blood tests not always include non-specific tumor 
markers, but indicators of  malignancy. Furthermore, in 
many cases, treatment is initiated based on empirical di-
agnosis of  pneumonia, since the neoplastic process can 
be masked or not being clearly visible by conventional 
radiology.

From this first GP visit, a second one is requested for 
reevaluation of  improvement and/or worsening of  the 
patient. Also in this second visit, imaging and laboratory 
results are delivered. This time period can vary from one 
week to fifteen days (period in which the empirical treat-
ment of  antibiotic action produces noticeable changes in 
the patient’s condition and laboratory data). At the per-
sistence of  symptoms or onset of  signs clearly suggestive 
of  clinical suspicion, inter-consultation part is issued to 
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the specialty of  Pneumology (SC) based at an Outpatient 
Care Center (OCC). This will lead to an additional delay, 
although it may be attenuated in case of  emergency.

While the above, it should be noted that this path is 
followed if  the clinical manifestations clearly compro-
mise the patient’s respiratory status. However, there are 
not always reliable evidences of  pathology as they may be 
semi-hidden or produce “a priori” events unrelated to the 
disease. This can lead to other specialties not specifically 
connected with the process, due to the absence of  effec-
tive knowledge transfer between levels.

Consider, for example, the case in which the disease 
is indirectly manifested through referred pain in locations 
as knee or scapula, with inconclusive imaging tests and 
non-specific tumor markers requested either. In this case, 
when a person with referred pain consults GP and also 
has a history of  degenerative joint disease, the first incli-
nation is based on the therapeutic application of  trauma 
imaging at the involved location. If  this do not show al-
terations, to an extension diagnosis, the patient maybe re-
ferred to other specialties, via interconsultation, at the level 
of  OCC, as may be Rheumatology or Traumatology (again, 
we would have another delay in the issuance of  a firm 
diagnosis). To this must be added, the additional delay in 
the appointment date for new consultations, delays in the 
completion of  tests that are to be applied in these services 
and the appointment date for review. Note, that the pain 
reported by the patient could be produced as a result of  
neurological compression due to tumor growth.
Once the presence of  specific pathology related to other 
specialties different to Oncology is ruled out, and for a 
possible occurrence of  respiratory and/or systemic signs, 
the patient may be referred back to the GP (who will 
likely refer the patient to another specialist in the short-
term, as for example an Internal Medicine practitioner at 
the hospital level) or Pneumologist at OCC level.

It is vitally important to consider that these successive 
accumulated delays entail delayed diagnosis and may in-
cur progression of  the disease from an early stage poten-
tially curable, to an irreversible stage where only palliative 
measures can be adopted.

Special mention deserves the situation in which the 
patient attends a first GP consultation when the disease 
is in an advanced stage. In this case, the GP may take 
two decisions: one would be immediate referral to the 
reference hospital emergency department. The other 
one would be derivation, equally immediate and avoiding 
waiting list, to Pneumology at OCC.

The tours in both situations are as follow. In the 
case of  referring the patient to the high-tech hospital 
emergency department considered for the study, the user 
would be admitted in the lower course of  time. Alterna-
tively, the physician at SC may order scheduled or urgent 
admission according to his criteria, and even via emer-
gency if  the clinic is accused and limiting.

Returning to the circuit in which the disease is not 
clearly delimited, and placing the patient back to Pneu-
mology at OCC, application of  tumor markers and more 

specific diagnostic imaging tests with their corresponding 
waiting times will be issued. This will finally lead to a first 
diagnosis of  neoplastic disease, although in many cases 
progress is relentless, having passed the tipping point be-
tween curability and elongation of  survival.

Once the diagnosis has been confirmed (after issu-
ance of  radiological and pathological opinion), the Pneu-
mologist at OCC (based on clinical signs) will apply for 
patient admission at the Respiratory Unit at the reference 
hospital or at the Neoplasia consulting Unit (staffed by 
Pneumologists), also located at the hospital but belonging 
to the outpatient section (OCC/HTH), who predictably 
will speed his admission to the Respiratory Unit.

It has to be taken into consideration that, as reflected 
in Figure 1, in cases of  nonspecific symptoms the GP or 
the specialist physician from other disciplines different to 
Pneumology, can request patient admission at an Internal 
Medicine Unit. Once there, and after confirming diag-
nosis, the patient will be placed in charge of  the service 
consulted (Pneumology) or included directly in the clini-
cal pathway in order to be admitted to the Respiratory 
Unit.

As it has been explained, to reach this clinical deci-
sion, the circuits followed by patients are often redundant 
and inefficient incurring incremental health expenditure 
and associated loss of  productivity, with the aggravating 
factor of  disease progression, which dramatically affects 
the effective resolution of  the process due to a prob-
ability increasing of  metastatic dissemination. The next 
step is the inclusion of  the patient in the clinical pathway 
itself.

The Clinical Pathway Commission is a multidisci-
plinary board delegated by the Chief  Medical Officer of  
the hospital, whose mission is to take collective decisions 
about the individualized treatment for each patient given 
the specific types of  lung neoplasia presented. It consists 
of  various clinical services such as Thoracic Surgery, On-
cology, Radiation Oncology, Pneumology, Radiology and 
Nuclear Medicine, and meets in session once a week to 
discern treatment strategies addressing cases that present 
criteria for inclusion. 

Previously, and once the patient has already been 
admitted in hospital, sequential examinations to limit the 
spread of  the disease and rule out metastasis are con-
ducted.

Once all results are available, which will generate a 
new lengthening of  waiting times due to internal proce-
dures, they are presented in clinical session to elucidate 
what the best combination of  medical and surgical op-
tions is. In this regard, it is noteworthy to point out sev-
eral strategies that, in turn, generate new decisional and 
time-restricted flows around the patient.

First, and once the kind of  broncho-pulmonary neo-
plastic lesion is typified, in case that the option of  surgery 
is the one chosen, the patient is transferred to Thoracic 
Surgery (which acts only in relation to the surgical pro-
cess) being the customer the Respiratory Unit. Upon 
resolution of  this action, the patient can follow two routes 
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depending on the characteristics of  the disease. If  the le-
sion was curable with just surgery, if  it is in a nearly stage, 
the subject is again brought back to the customer service 
where periodic reassessments continue on an OCC basis. 
If  clinical pathway was structured in a combined plan of  
several therapeutic strategies, the patient will be assigned 
to Medical Oncology and submitted to treatment schemes 
consisting of  chemotherapy and/or radiotherapy (if  appro-
priate), acting as coadjutor service, Radiation Oncology.

Following this, we have to clarify the types and pur-
poses of  cancer treatments and their relationship with 
Thoracic Surgery, as well as with the alternative circuits 
of  patients arising as a result. These treatments can be 
neoadjuvant or adjuvant. If  a neoadjuvant treatment is 
preferred, the patient will be referred to Medical Oncolo-
gy from Pneumology, where after receiving the appropri-
ate treatments, will be referred to Thoracic Surgery, and 
once its performance has concluded, he will be returned 
to Medical Oncology where the patient will ultimately be 
assigned. If  the adjuvant treatment option was considered, 
the bypass sequence would start from Pneumology to 
Thoracic Surgery and from the latter to Oncology, where, 
likewise, the patient would stay finally allocated.

In the case (very common) that Radiation Oncology 
intervenes, the customer service would be Medical Oncol-
ogy, and the role of  Radiotherapy would be the imposi-
tion of  costs derived from treatment processes to the 
original customer.

While all of  the above, it is another distinct possibil-
ity in case the lesion is unresectable. In this situation, the 
Commission may choose the administration of  chemo-
therapy and/or radiotherapy to ensure the stabilization 
of  the process. In this sense, the patient is finally moved 
to Medical Oncology where clinical decisions and treat-
ments are provided, appearing again the interactions de-
scribed above for the Radiation Oncology department.

After running all the steps above, the circuit would 
continue in different ways to transfer responsibilities 
between services and even between levels, depending on 
the clinical outcome. Thus, we would obtain the follow-
ing sequences: (1) healing: The patient would return to 
Pneumology at the OCC level for regular checkups; (2) 
remission: If  partial or complete remission, the patient 

would be discharged and would attend appointed check-
ups at Oncology Day Hospital (OCC/HTH); (3) relapse: 
In this case, the patient re-enters in charge of  Medical 
Oncology, without his case again be subjected to clinical 
pathway for application of  second-and subsequent lines; 
and (4) palliative Care/Death: For unsolvable progression 
of  the disease, the patient is transferred from Medical 
Oncology to Palliative Care Unit (PCU), where treatment 
is merely symptomatic. Nevertheless, depending on the 
patient’s general condition and in respect of  his decision 
making capacity (if  this was preserved or had been previ-
ously stated), the patient can be treated at home through 
a collaborative partnership between PCU (SC) and GP.

Restructuring of  patient inter-and intra-level flows is 
absolutely needed. It requires corporate collaborative sys-
tems providing knowledge to one medical act. Therefore, 
the role of  the RC model acquires great relevance as it 
acts as mediator and promotor of  joint strategies aimed 
at improving results ,from both, the patient’s and the 
NHS’ viewpoint.

RELATIONAL COORDINATION MODEL
Based on previous studies grounded in mutual adjust-
ment[31-35] and coordination approaches based on rela-
tionships[14,36-40] in corporate environments of  high/low 
interdependence/uncertainty, Gittell develops her model 
(Figure 2) as a contribution to the study of  relational dy-
namics.

In this sense, Gittell[5] defines her model as a mutually 
reinforcing process of  interaction between communica-
tion and relationships carried out for the purpose of  task 
integration. She also states that her theory differs from 
others due to the proposition of  three specific relational 
dimensions that are necessary for effective coordination.

While many other recent theories emphasize the 
importance of  shared knowledge, RC argues that while 
this is necessary, is not sufficient. Accordingly, to achieve 
effective coordination, the members must also be con-
nected through the possession of  shared goals and mutual 
respect.

As mentioned in the previous section, role-based co-
ordination has an advantage over coordination based on 
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personal ties. While the former may require more invest-
ment for being implemented, role-based coordination 
fosters a role exchange that encourages corporate flex-
ibility to adapt to changing environments within a high 
uncertainty and interdependence frame over time.

The model is structured around two types of  dimen-
sions: Communication and Relationship.

Within the dimensions of  communication, we find: 
(1) frequent communication: Frequent communication 
helps to establish relationships among roles through the 
closeness generated as a result of  repeated interaction[5]; 
(2) timely communication: Delays in communication 
may have negative implications for organizational per-
formance. Hence, the importance of  timely communica-
tion, and at the right time, for successful development 
of  organizational tasks[41]; (3) accurate communication: 
Accurate communication, regarding the content of  rel-
evant information, plays a critical role in the effectiveness 
of  group tasks performance[42]; and (4) problem-Solving 
communication: Effective coordination requires that 
those involved in the task, engage in communication to 
solve the problems that appear in a group performance 
characterized by high interdependence (rather than blame 
others involved or evading the responsibilities). This can 
lead to negative consequences that singularly affect per-
formance[29].

Within relational dimensions in Gittell’s model we 
find: (1) shared goals: This aspect plays a key role on the 
coordination of  highly interdependent tasks[43,44]. Using a 
set of  shared goals regarding the work process, involved 
individuals develop ties that allow them to reach con-
clusions that are compatible with the different ways of  
thinking and acting as new information is available[5]; and 
(2) shared knowledge: While Dougherty[45] points out 
that communication among those involved in the vari-
ous tasks that constitute a process is not always effective 
because of  different social backgrounds, training and/or 
experience, Gittell[5] states that when members know how 
their tasks are related to other members within the same 
process, it creates a dynamic in which everyone knows 
the impact that each change will reflect on each task and 
each role; and (3) mutual respect: Respect for the com-
petence of  others involved in the process, provides a 
powerful tie that will be implemented in a comprehensive 
way across the whole process generating, as a result, an 
effective coordination[5].

Through this design, it follows that the RC model 
turns into a model of  intensive coordination in commu-
nication and relationships, particularly useful to achieve 
higher levels of  performance under high levels of  interde-
pendence among tasks, uncertainty and time constraints. 
So, it is an example of  process improvement that allows 
a work group department or organization, raise their pro-
duction possibility frontier to more favorable positions 
while achieving higher efficiency and quality[5].

It is, therefore, to achieve work processes improve-
ment through improving the quality of  labor relations 

among the actors that play different roles in these pro-
cesses, thus leading to a higher quality of  communication. 
Through this procedure, it is intended to reduce errors 
delays and redundancies observable among tasks interde-
pendences within the critical organizational processes.

Model measurement is done through validated sur-
veys to participants in a given process, on the activities 
of  communication and relationships with others involved 
in the same process, with whom relations of  interdepen-
dence are kept for achieving the same common objective. 
Related to the above, the first step would be the selection 
of  a work process that serves a population of  interest. 
Then, the roles or functional groups embroiled in the 
development of  the focal process must be identified. The 
third step would consist on identifying which of  those 
groups could be accessed by the researcher in order to 
develop matrices (symmetric/asymmetric) of  RC links.

Once the previous steps have been run, likert-type 
survey would be delivered to the participants consisting 
of  seven questions: four on communication and three 
concerning relations between different process roles. In 
order to reduce possible bias attributable to socially desir-
able responses, RC’s survey asks participants about be-
haviors of  other roles, except for organizational behavior 
feature represented by the frequency of  communication. 
In addition, questions are referenced to habitual patterns 
of  behavior, rather than be directed towards identifying 
specific events, that are part of  the current patterns in the 
time of  evaluation. Thus, avoiding erroneous response 
patterns based on retrospective response biases. 

The characteristics of  the model applied to the in-
vestigation of  coordination practices in the management 
of  interdependent processes, allow multi-functionality 
in analytical and exploratory orientation, presenting four 
complementary and inclusive perspectives that give great 
versatility in building research designs. Thus, the model 
can be used with the next main purposes: (1) analysis of  
the effect of  RC on organizational performance: Deter-
mination of  the impact of  the model on improving the 
quality and efficiency of  a given process characterized 
by high levels of  interdependence, uncertainty and time 
constraints; (2) analysis of  predictive factors of  RC: De-
termination of  the effects of  organizational practices to 
use on the model; (3) analysis of  the mediating effect of  
RC: Determination of  the influence of  the model on ex-
isting organizational practices and their impact on results; 
and (4) analysis of  the moderating effect on RC: Deter-
mination of  the influence of  a/some given factor/s on 
the effect of  the model on organizational performance 
measurement.

Next, we describe the proposed model for this paper 
based on RC modified at its core by adding two features 
of  organizational behavior that are interrelated. Also, 
we introduce two moderating factors to analyze the 
mediating effect of  it and its impact on organizational 
performance, taking as a critical process multilevel man-
agement of  health institutions in relation to lung cancer. 
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To increase consistency and operational development in 
the future, a comparison with institutional practices cur-
rently applied (particularly single level clinical pathways) 
is made.

APPLICATION OF A MODIFIED, DOUBLE-
MODERATED MODEL OF RELATIONAL 
COORDINATION IN PERFORMANCE 
MEASUREMENT OF LUNG CANCER 
MULTI-LEVEL TREATMENT TRAJECTORY 
VS ISOLATED, SINGLE-LEVEL CLINICAL 
PATHWAYS 
As it has been previously described, the main objec-
tive of  this paper is the proposal of  a modified, double-
moderated model of  RC (Figure 3), to investigate the 
degree of  development of  the theory proposed by Git-
tell[5] and the impact of  its implementation on HPWS 
practices and outcomes obtained by the institution. In 
reference to the above, the greatest achievement of  this 
study is supported by theoretically increased times of  
disease-free survival (DFS) as a consequence of  optimal-
efficient redesign of  coordination strategies between lev-
els involved in diagnosis and treatment. In addition, the 
potential gains highlighted would imply healthcare costs 
containment that would return positive savings on other 
important health problems, being possible to achieve true 
clinically-oriented corporate strategies.

First, and as a previous step for defining the implica-
tions of  the proposed model on performance, we need 
to identify HPWS practices currently observable at health 
organization level (Table 1) and at the level of  diagnosis 
and treatment of  broncho-pulmonary carcinoma (Table 2) 
for both care providers (PC/SC).

As seen on Table 1, HPWS practices in the health care 
organization have a wide variability and segmentation that 
result in continuity of  care disconnection. Furthermore, 
the absence of  inter-level operational relations in criti-
cal aspects emphasizes the fact pointed out, generating a 
discontinuity of  the care process that could lead to very 
significant increases in transaction costs, as well as dupli-
cation of  health expenditure and intangible consumption.

This situation is much more serious when looking at 
data provided in Figure 2, referred to the specific coordi-
nation process of  the pathology. In this case, it highlights 
the virtual absence of  joint strategies for the management 
of  the disease. In light of  this information, the existence 
of  redundant and iterative processes (that create delays 
in the effective application of  therapeutic measures as-
sociated with consequent costs due to disabilities and/or 
productivity losses), gets verified.

The comparison of  data shown in Tables 1 and 2 has 
been made through unstructured interviews with senior 
doctors at a health center, which has as reference hospital 
the one mentioned throughout this work, and that is very 

representative due to the volume of  population served 
(approximately 22000 health cards).

It justifies the introduction of  a modified model of  
RC for the study and implementation of  transfer relations 
among knowledge holders, in order to structure consoli-
dated, evidence-based cooperative models that would 
lead to a substantial shortening of  response times with a 
marked improvement in outcomes.

The sequential development of  our model is based 
on the examination of  the organizational behavior con-
sidered by Gittell, using the methodology annexed to the 
theoretical approach[5]. Then, it will be complemented by 
a combination of  studies of  other authors in the field of  
management, which postulate the study of  trust relation-
ships[21,46] and dialogic practices[14] as effective methods of  
organizational coordination.

These are especially relevant for high-uncertainty pro-
cesses requiring quick and adaptative replies.

Related to the above, trust is a predictor and a con-
sequence of  interpersonal relationships[21]. In this sense, 
a higher degree of  trust acts as a stimulating factor for 
communication accessibility, promotes greater effort 
from those involved in a task and reduces conflict in 
work teams, fostering better results in performance[47,48]. 
It could be inferred that it acts as an enhancer of  RC.

Moreover, dialogic practices tested in high-uncertainty 
hospital services[14] appear as coordinative solutions (from 
a point of  view focused on process trajectories[7]), by 
which cooperative guidelines are structured (Figure 4). 
This fact is particularly important, given the high variabil-
ity inherent to the process of  diagnosis and treatment, 
and the consequences of  a not entirely optimal assembly 
of  tasks committed with the successful resolution within 
a framework of  time-coordinated action.

Related to approaches focused on trajectories[7], these 
are described as goal achievement oriented sequences 
of  action that emphasize contingencies and interactions 
among those involved in, differing from routines in that 
the latter merely emphasizes a sequence of  steps that 
can’t be extrapolated to work situations characterized by 
novelty, unpredictability and changing environments in 
relation to tasks, actors and resources[14].

So, it is about measuring the degree of  trust that the 
different professionals at both levels have in dialogic prac-
tices, following the methodology used by Dietz and Har-
tog[46] (Figure 5). This evaluation methodology would be 
applied to the PC level on the SC level and vice-versa.

In a structured way, it would be done a pre-test evalu-
ation of  the RC status (for a given level of  trust in dialog-
ic practices) at an early stage at both levels, applied to the 
target health problem. These data would be correlated 
with the evidence about HPWS developments.

Subsequently, a series of  actions would be designed 
to strengthen relational ties between the two levels. For 
example, formal assistance on regular basis of  one PC-
GP to the meetings of  the Clinical Pathway Commission 
(SC), with the aim of  promoting the practices mentioned 
as of  excellence, can be suggested. As a consequence, 
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the development of  inter-level HPWS practices would be 
promoted, development that could materialize in creating 
joint Clinical Practice Guidelines which would contribute 
to early detection of  lung cancer.

Furthermore, to streamline the circuit followed by the 
patient, direct referring to specific knowledge resources 
located on SC is intended, always ensuring the traceability 
of  the patient’s health status via widespread use of  shared 
databases.

In this sense, it is about promoting the representative-
ness of  the Continuity of  Care Coordinator (see Table 1) 
in bidirectional management of  patients affected.

Secondly, the interdependence of  tasks generated 
under the prism pointed by Van de Ven et al[35] would be 
considered in terms of  work flows at the team level. Par-
ticipating GP’s would be enrolled in a training program 
of  High-Fidelity Clinical Simulation following a method-

ology of  Objective Structured Clinical Examination[49-51] 
that would be taught by specialist physicians specifically 
trained in this type of  methodology. Once these actions 
have been carried out, a new post-test measure of  the de-
gree of  trust in RC and dialogic practices would be done 
at the same time that HPWS practices are re-evaluated.

From this point on, it is necessary to evaluate (retro-
spectively/prospectively) the time passed since the first 
contact with the system takes place until the patient re-
ceives the first therapeutic action for treatment, prior to 
and after the implementation of  measures aimed at en-
couraging the development of  RC and dialogic practices. 
Also, as a control measure that would reinforce the theo-
retical assumptions (raised by some a priori confirma-
tory hypotheses for the model proposed vs. single level 
clinical pathways), TNM staging category (at the time of  
diagnosis confirmation) and estimation of  DFS would be 
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done. In closing, costs related to hospital stays savings (as 
a result of  early detection) would be calculated.

The proposed model goes from an exploratory quali-
tative design to (after an inductive process) an explana-
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  HPWS Practices Level

PC SC Inter-level
  Selection for Cross-Functional 
  Teamwork

Health Plans Clinical Pathway Commission
Hospital Commissions

Non-existent

  Cross-Functional Conflict 
  Resolution

Managing Director at Primary Care Center Hospital Board of Managers Deputy Medical Care 
Continuity (Since October 2010)

  Cross-Functional Performance 
  Measurement

Primary Care Center Clinical Units Non-existent

  Cross-Functional Rewards Professional Categories at Primary Care 
Center (Pre-established at 100% Objective 

Compliance)

Professional Categories at Clinical Units 
(Pre-established at 100% Objective 

Compliance)

Non-existent

  Cross-Functional Meetings Primary Care Center Hospital Board of Managers, Hospital 
Technical Commissions, Medical Services 

Commissions

Health Area Managing Board

  Cross-Functional Boundary 
  Spanners

Managing Director at Primary Care Center Hospital General Manager Deputy Medical Care 
Continuity (Since October 2010)

Table 1  High-Performance Work Systems Practices-Health Care Organization

Source: Authors’ own elaboration. HPWS: High-Performance Work Systems; PC: Primary Care; SC: Specialized Care.

  HPWS Practices Level

PC SC Inter-level
  Selection for Cross-Functional Teamwork Non-existent Clinical Pathway Commission Only at Palliative Care Level
  Cross-Functional Conflict Resolution Non-existent Clinical Pathway Commission/Chief Medical Officer Non-existent
  Cross-Functional Performance Measurement Non-existent Clinical Pathway Commission (No. of patients included 

in the clinical pathway)
Non-existent

  Cross-Functional Rewards Non-existent Non-existent Non-existent
  Cross-Functional Meetings Non-existent Clinical Pathway Commission Non-existent
  Cross-Functional Boundary Spanners Non-existent Clinical Pathway Commission Non-existent

Table 2  High-Performance Work Systems Practices-Lung Cancer Diagnosis and Treatment

Source: Authors’ own elaboration. HPWS: High-Performance Work Systems; PC: Primary Care; SC: Specialized Care.
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tory type, which generates synergies in the use of  scarce 
resources through coordinative economies of  scope.

CONCLUSION
In the current socio-economic scenario characterized by 
a growing shortage of  resources and progressive budget 
constraints, coordinated process management in health 
institutions appears as a relevant need to ensure the sus-
tainability of  the medium/long term.

The fact that a health system is strategic for a coun-
try (particularly if  this system is public and universal), 
together with the sheer volume of  resources associated 
with healthcare provision, makes mandatory to impose a 
rational logic in the clinical management of  public health 
concerns. This logic has to be even more intense, when it 
comes to diseases on the rise and rate of  disability and/or 
mortality as the one we are considering in this paper.

In this sense, RC provides a valuable opportunity for 
the reconfiguration of  clinical guidelines concerning iso-
lated single-level considerations, to turn them into coop-
erative inter-level ones.

Through unstructured and informal interviews with 
clinicians at both levels (Primary/Specialist Care), diag-
nosis of  the situation in relation to joint management of  
lung cancer is made, noting that solutions of  continuity (in 
terms of  coordination) are observed due to the lack of  
effective knowledge transfer between the two levels as a 
result of  RC practices absence[52].

Is in this way, where it is theoretically inferred that 
delays secondary to ineffective coordination would be at-
tenuated if  launching and implementation of  cooperative 
schemes (including relational trust in dialogic practices) 
had been run. In turn, these strategies would result in the 
generation of  “ad hoc” Clinical Practice Guidelines (equiv-
alent to HPWS in other corporate environments), which 
would strengthen the mission of  RC. In this regard, it is 
worth highlighting the flexibility provided by Gittell’s the-
ory[5]. It allows adaptation and modeling of  its precepts 
to the organizational conditions of  actual practice, pro-
viding a specific management architecture for knowledge 
intensive organizations that remains under heavy pressure 
on casuistic, uncertainty and technological changes.

The model proposed in this research, advocates a regu-
larization and training of  new skills and relational attitudes 
arising from the collaboration between the two levels of  
care involved. This consideration is particularly relevant if  
we return to the defining characteristics of  health systems in 
which advances in the state of  the art occur constantly and 
must be properly transferred.

The operational implications of  the suggested theo-
retical alternative pursue a dual purpose on results. So 
on the one hand, facilitating diagnosis in early stages 
of  broncho-pulmonary carcinoma, allows more cost-
efficient measures, which will return a decrease in rates 
of  morbidity and mortality and a significant reduction in 
opportunity costs from the patient’s point of  view. This 
would be translated into tangible gains in DFS and the 

appearance of  negative costs obtained from savings in 
productivity loss avoiding and containment of  hospital 
stays per process.

On the other hand, the second approach is character-
ized by the impact on health spending of  Medical Care 
Variation. Because physicians are resource allocators, this 
scheme of  coordination is intended to reduce duplica-
tion in diagnostic tests and clinical times. Here appears 
again the concept of  opportunity cost, but in this case, 
from the point of  view of  the NHS. If  the process is 
clearly predefined, there would be a bidirectional action 
sequence that would lead up to a regulated and bottom-
up asset allocation from an optimum-efficiency criteria 
based on clinical excellence and non-repetitive processes. 
The savings generated by this approach can, in turn, be 
reinvested in the process itself  or moved to other singu-
lar processes of  great clinical significance.

The research model is, therefore, to efficiently redirect 
health expenditure incurred by the disease through proac-
tive inter-level and inter-professional coordinative solu-
tions, achieving, this way, improvements in quality of  life 
and survival of  patients affected.

It should be noted that the health organization is not 
to stay longer away from the improvement proposals 
dropped from the corporate world, because it is in itself  
a great company if  we pay attention to budget, employ-
ability and management processes underlying their daily 
operation.

In this sense, this document is made taking into ac-
count the feasibility and methodological orientations 
arising from the healthcare business world and academia, 
providing a new strategic vision of  the organization of  
clinical processes in high complexity health corporations.
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Abstract
Breast cancer is the most frequent female malignancy 
worldwide. Current strategies in breast cancer therapy, 
including classical chemotherapy, hormone therapy, and 
targeted therapies, are usually associated with chemo-
resistance and serious adverse effects. Advances in our 
understanding of changes affecting the interactome 
in advanced and chemoresistant breast tumors have 
provided novel therapeutic targets, including, cyclin 
dependent kinases, mammalian target of rapamycin, 
Notch, Wnt and Shh. Inhibitors of these molecules 

recently entered clinical trials in mono- and combina-
tion therapy in metastatic and chemo-resistant breast 
cancers. Anticancer epigenetic drugs, mainly histone 
deacetylase inhibitors and DNA methyltransferase in-
hibitors, also entered clinical trials. Because of the com-
plexity and heterogeneity of breast cancer, the future in 
therapy lies in the application of individualized tailored 
regimens. Emerging therapeutic targets and the impli-
cations for personalized-based therapy development in 
breast cancer are herein discussed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Emerging therapeutic targets may overcome 
chemoresistance in breast cancer.

Nwabo Kamdje AH, Seke Etet PF, Vecchio L, Tagne RS, Mbo 
Amvene J, Muller JM, Krampera M, Lukong KE. New targeted 
therapies for breast cancer: A focus on tumor microenviron-
mental signals and chemoresistant breast cancers. World J Clin 
Cases 2014; 2(12): 769-786  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i12/769.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.769

INTRODUCTION
The incidence of  breast cancer, the most common can-
cer in women and the second cause of  cancer death in 
women worldwide[1,2], is currently growing[3,4]. Cancers 
are diseases characterized by aberrant microenvironment 
and intrinsic signaling causing a continuous proliferation 
of  affected cells (“cancer cells”). Clinical features and 
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prognosis of  cancers vary tremendously according to the 
tissue and organs they originate from and affect. Breast 
cancer may start in milk ducts, and can be invasive [inva-
sive ductal carcinoma (IDC)] or not (ductal carcinoma in 
situ). IDC would represent up to 80% of  cases[5,6]. Breast 
cancer may also start in the lobules, with invasive features 
(invasive lobular carcinoma) or not (lobular carcinoma in 
situ ). In metastatic breast cancer malignant cells originat-
ing from breast primary tumors invade other tissues and 
organs of  the body, resulting in a systemic disease. As 
disease early detection is associated with better prognosis, 
screening campaigns involving healthy female subjects are 
performed worldwide. Notably, mammography, which 
requires the use of  low-dose X-rays to capture images in-
side the breast, is the current goal standard screening for 
detection of  breast cancer asymptomatic cases[7,8]. How-
ever, although the technique requires X-rays, the benefits 
of  the earlier detection of  breast cancer outweigh the 
risk of  radiation exposure, which can be associated with 
the development of  breast cancer in previously healthy 
women is present[9,10]. New approaches for early detection 
have been proposed, and may also contribute to reducing 
breast cancer mortality (for review see[11,12]).

Three major therapeutic approaches are used today to 
treat or control breast cancer: surgical removal of  prima-
ry tumors, irradiation of  cancer cells to stop their growth, 
and anticancer drugs, which kill cancer cells or inhibit 
their proliferation. Notably, oncoplastic surgery, a tech-
nique combining classical lumpectomy (or partial mastec-
tomy) and plastic surgery techniques have revolutionized 
breast-conserving surgery for removal of  lumps and 
malignant masses. However, surgery or radiotherapy still 
requires chemotherapy to eradicate remaining malignant 
cells and impede relapses. Anticancer drugs are based 
on three therapeutic approaches: (1) the classical che-
motherapy, where cancer cell proliferation is stopped by 
the indiscriminate targeting of  rapid cell divisions in the 
body; (2) hormone therapy, devised to stop cancer cell 
growth by targeting the receptors and downstream signal-
ing molecules of  hormones pivotal for the proliferation 
of  these cells; and (3) and the emerging and promising 
targeted therapy, where signaling pathways deregulated 
in primary breast tumors are specifically targeted. Breast 
cancer treatment is still challenging, as drugs in use are 
expensive, have serious undesired effects[13-15], and drug 
resistance is common, particularly in metastatic cases[16,17], 
underlying the need for new targeted therapies. Interest-
ingly, recent advances in the understanding of  breast 
cancer biology have highlighted the tumor microenviron-
ment as a major player in breast carcinogenesis and have 
provided new avenues for targeted therapy.

The present review summarizes and discusses the 
current understanding of  changes affecting breast micro-
environment during breast tumorigenesis, with a particu-
lar emphasis on signaling pathways currently targeted for 
therapy and emerging therapeutic targets. Personalized-
based targeting implementation is also discussed.

TUMOR MICROENVIRONMENT IS 
PIVOTAL FROM BREAST CANCER 
INITIATION TO METASTASIS
Numerous stromal cell types are found in the extracel-
lular matrix of  the breast stroma, including endothelial 
cells, fibroblasts, adipocytes, and resident immune cells[18]. 
In addition to these cell types, cancer-affected microenvi-
ronment contains malignant cells termed as cancer-asso-
ciated fibroblasts (CAFs), which are the most numerous 
cell type, and infiltrating macrophages termed as tumor-
associated macrophages (TAMs). 

Cancer-associated fibroblasts
CAFs were reported to play key roles in malignant cell 
proliferation and tumor maintenance[18,19]. An in vivo study 
involving xenograft of  MDA-MB-231 breast cells in 
SCID mice revealed that CAFs induce p53-dependent 
antimitogenic responses in normal stromal fibroblast[20], 
at least partly through Notch-dependent mechanisms[21]. 
In another study, CAFs expressed vascular endothelial 
growth factor in presence of  hypoxia inducible factor 1 
a/G-protein estrogen receptor (HIF-1a/GPER) signal-
ing, suggesting a role for these cells in hypoxia-dependent 
tumor angiogenesis[22]. Under the same conditions, CAFs 
were shown to express Notch molecules[23], which pro-
motes cancer cell survival, proliferation[24,25], as well as an-
giogenesis[26]. In addition, Luga et al[27] showed that CAFs 
release exosomes, which stimulate invasiveness and ma-
lignant cell metastasis via a Wnt11-dependent mechanism. 
On the same hand, CAFs induced phenotypical changes 
in adipocytes resulting in the generation of  fibroblast-like 
cells [adipocyte-derived fibroblasts (ADF)], which in turn 
increased migratory abilities of  metastatic cells by releas-
ing high levels of  collagen Ⅰ and fibronectin[28]. Notably, 
CAF-induced ADF phenotype generation was mediated 
by reactivation of  the oncogenic Wnt/β-catenin pathway 
in the latter cells in response to Wnt3a produced by the 
cancer cells, suggesting CAFs and ADFs as potential 
therapeutic targets in metastatic breast cancer. Further-
more, CAFs may promote breast cancer initiation and 
progression to metastasis via tumor-a9β1 integrin signal-
ing[29] and fibroblast growth factor signaling[30], as well as 
malignancy orchestration and tumor stroma reprogram-
ming through activation of  heat shock factor 1[31], a tran-
scriptional regulator. 

Interestingly, Capparelli et al[32,33] have hypothesized 
that senescent fibroblasts may promote tumor growth 
through an autophagy-dependent mechanism termed as 
“autophagy-senescence transition”. In order to test such 
hypothesis, these authors introduced autophagy genes 
such as bnip3, ctsb or ATG16L1 in immortalized human 
fibroblasts that resulted in the induction of  a constitu-
tive autophagic phenotype (characterized by mitophagy, 
aerobic glycolysis, L-lactate and ketone body produc-
tion) with senescence features associated with increased 
β-galactosidase activity, increased level of  cyclin depen-
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dent kinase inhibitor (CDKI) p21, and cellular hyper-
trophy. Interestingly, “autophagic-senescent” fibroblasts 
were able to induce tumor growth and metastasis in-
dependently of  angiogenesis, with stronger effects (up 
to 11-fold) in autophagic fibroblasts producing large 
amounts of  ketone bodies. These observations were con-
firmed in vivo, as the lysosomal enzyme and biomarker 
of  senescence, β-galactosidase, was also found in human 
breast cancer stroma. A recent in vivo study revealed the 
ability of  CAF autophagy and senescence to promote 
tumor growth and metastasis increasing the rate of  gly-
colysis and enhancing the generation of  mitochondrial 
fuels including bodies[33] in a compartment-specific fash-
ion, thus supporting the role of  CAFs to metabolically 
regulate tumorigenesis. In this study, the injection of  the 
antidiabetic molecule along with peroxisome proliferator-
activated receptor gamma (PPARγ), known to stimulate 
glycolysis and pro-autophagy, into stromal cells enhanced 
the growth of  co-injected breast cancer cells by 60%, 
whereas PPARγ injection in cancer cells reduced the 
growth of  breast cancer cells by 40%[34]. 

Tumor-associated macrophages
TAMs infiltration into neoplastic tissues is an important 
negative prognostic factor[35,36], and a hallmark of  triple 
negative breast cancer[37], a chemoresistant subtype of  
breast cancer[38,39]. Overall, emerging evidence suggests 
that TAMs are major player in anticancer drug resistance 
in breast cancer. For instance, Yamashina et al[40] recently 
reported that cancer stem-like cells originating from che-
moresistant tumor promote macrophage colony-stimulat-
ing factor production via an interferon regulatory factor 5 
-dependent mechanism, and transform recruited CD14(+) 
monocytes in tumorigenic M2-macrophages (immuno-
regulatory), probably through CXCR3 downregulation[41]. 
Interestingly, the differentiation inducer dimethyl sulfoxide 
exerted antitumor effects in a mouse breast cancer model 
(4T1) possibly by inducing M1-phenotype in TAMs[42]. 

Furthermore, TAMs may promote carcinogenesis 
and metastasis via Wnt signaling, which mediates the 
angiogenic switch and metastatic processes in breast can-
cer[43,44]. Notably, TAMs release high levels of  the Wnt 
family ligand Wnt7b[45], and cancer stem-like cells may 
trigger the metastatic effect of  TAMs through enhance-
ment of  the β-catenin pathway via vitamin D receptor 
suppression by tumor necrosis factor alpha[46]. In addi-
tion, in vivo and in vitro studies supported a pivotal role for 
Wnt 5a signaling in TAMs-induced metastasis[47,48], and a 
strong correlation was found between Wnt5a expression 
in malignant cells and the number of  CD163(+) M2-
macrophages[49]. In a relatively recent study investigating 
the potential of  the phosphodiesterase type 5 inhibitor 
(vasodilator) drug dipyridamole in xenograft mice, anti-
cancer effects were mediated at least partly by decreasing 
β-catenin cytosolic levels[50]. Altogether, these findings 
implicated TAMs as a key links between chemoresistance 
and tumorigenic activities of  cancer stem-like cells, and 
thus, positioning TAMs as potential therapeutic targets 

for breast cancer. Figure 1 shows the main signaling path-
ways currently in use for targeted breast cancer therapy, 
as well as some possible new targets.

NOTCH SIGNALING
Notch family of molecules
The Notch family of  membrane bound receptors and 
ligands regulate several cell processes including cell in-
vasion, survival and apoptosis, via the Notch signaling 
pathway. The pathway comprises four receptors (Notch1 
through Notch4) and five Notch ligands (Delta-like 1, 3, 
and 4, and Jagged1 and 2). Notch ligands include an ex-
tracellular domain containing multiple epidermal growth 
factor (EGF)-like repeats and an extracellular DSL where 
ligand binding occurs, and an intracellular domain with 
a PDZ-binding motif  at C-terminal domain[51,52]. Notch 
receptors are also made of  an extracellular and an intra-
cellular domain covalently linked. Notch receptor extra-
cellular domain also contains EGF-like repeats (26-29 
depending on the Notch receptor), whereas Notch in-
tracellular domain (NICD) presents with LIN12/Notch-
related repeats preventing ligand-independent signaling, 
cysteine residues, and a C-terminal transactivation domain 
containing a PEST sequence with proteolytic activity.

Notch ligands are expressed on the plasma membrane 
of  one cell and interact with Notch receptors on the plas-
ma membrane of  a neighboring cell, initiating the cleav-
age of  the receptor by proteases [ADAM (a disintegrin 
and metalloprotease) and γ-secretase] that culminates in 
the release of  the NICD[53]. Released NICD translocate 
to the nucleus and forms a transcriptional activator com-
plex with C-promoter binding factor 1/Suppressor of  
Hairless and Lag-1 (CSL) transcription factor. Together 
with cofactors like mastermind-like protein, NICD-CSL 
complex induces the transcription of  cell fate key target 
genes such as vegfr3 and, notch1 that regulate angiogenesis 
and apoptosis, p21 that regulates the cell cycle, as well as 
transcription factor genes such as the basic helix-loop-
helix and hairy/enhancer of  split/-related (hes and hey) [54,55] 
(Figure 1).

Notch signaling as a therapeutic target
As already mentioned (section 2), Notch signaling is used 
by CAFs to promote cancer cell survival and prolifera-
tion. Early reports revealed that upregulation of  Notch 
signaling suffices to transform normal breast epithelial 
cells in malignant cells in vitro, and that high levels of  
NICD are present in breast primary tumors[56-59]. Notch 
carcinogenic effects are mediated via the silencing pro-
apoptotic signaling pathways and growth-inhibitory mol-
ecules like TGF-β[58]. Notch-induced TGF-β silencing 
also promotes bone metastasis[60,61]. In addition, Notch 
signaling, which is required for physiological angiogen-
esis, may also be a key player in neoangiogenesis[62]. A 
Notch 3 addiction of  the lymphovascular embolus was 
reported in a xenograft model of  inflammatory breast 
carcinoma, a subtype of  breast cancer whose hallmark is 
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lymphovascular invasion[63]. 
In vitro studies in estrogen receptor (ER)-negative breast 

cancer cells (MDA-MB-231) performed by Lee et al[64] re-
vealed that Notch signaling up-regulates the transcription 
of  the apoptosis inhibitor survivin. In another study, 
these authors showed that Notch-1-survivin functional 
gene signature is common in basal breast cancer[65]. In ad-
dition, crosstalk between Notch and signaling pathways 
involved in cell growth were reported as well, including 
the estrogen receptor[66], human epidermal growth fac-
tor receptor 2 (HER2)[67], and the metabolic signaling 
pathways phosphatidylinositol 3-kinase (PI3K)/ pro-
tein kinase B (Akt)/mammalian target of  rapamycin 
(mTOR)[68,69] and MAP kinase/ERK[70,71]. Interestingly 
combined targeting of  Notch and EGFR signaling sup-
pressed chemoresistance in a basal-like breast cancer in 
vivo model[72], suggesting that co-targeting of  Notch and 
associated pathways may represent a new avenue for 
overcoming chemoresistance (Figure 1). 

Tumor initiating cells of  tumors overexpressing 
HER2/neu also express high levels of  Notch molecules, 
whose signaling is known to enhance HER2 expression[73]. 
Chemoresistance to HER2+ breast cancers to trastu-
zumab, a monoclonal antibody against HER2, is associ-
ated with the overexpression of  Notch-1 and its ligand 
Jagged-1[74,75]. Similarly, cancer stem-like cells also achieve 
resistance against chemotherapy and radiotherapy via 
Notch signaling[76], and targeting of  this signaling path-
way reduces the stem-like population[77]. The γ-secretase 
inhibitor MRK-003 induced long-term recurrence-free 
survival in a transgenic mouse model of  HER2+ breast 
cancer[78]. Similarly, co-targeting of  Notch and HER2 

signaling pathways prevented breast tumor recurrence in 
orthotopic breast tumor xenograft using trastuzumab-
resistant BT474 cells[79]. 

Platelet-derived growth factor-D, another marker of  
breast cancer poor prognosis, may increase breast tumor 
aggressiveness by activating Notch and NF-κB signaling 
pathways[80]. Furthermore, Notch-1 and Notch-4, estab-
lished bio-markers of  the chemoresistant breast cancer 
subtype[81], were reported as novel transcriptional targets 
in triple negative breast cancer[82,83]. Jagged1/Notch4 sig-
naling was shown to induce epithelial-to-mesenchymal 
transition[84]. Notch signaling was also reported as a 
mechanism of  resistance to PI3K inhibitors[85] and hor-
mone therapy[86].

Clinical evaluation of Notch signaling targeting
Notch signaling inhibitors have a promising clinical ef-
ficacy as they abrogate HER2-Notch axis of  chemore-
sistance. Notch silencing by ɣ-secretase inhibitors (GSIs) 
inhibited the proliferation of  breast cancer cells partly by 
causing cell cycle arrest and apoptosis[76], and by sensitiz-
ing chemoresistant breast cancer cells to the BH3 mi-
metic ABT-737[87]. Notably, GSIs induce toxicity to breast 
cancer both in vitro and in vivo models, however mecha-
nisms of  such cytotoxicity are complex and may involve 
proteasome inhibition and downregulation of  Bax and 
Bcl-2[88,89]. 

Following encouraging pre-clinical studies[83,90,91], 
the oral gamma secretase inhibitor R04929097 recently 
entered phase-Ⅰ trial in patients with advanced solid tu-
mors. Early reports of  combination therapies with the ki-
nase inhibitor temsirolimus[92], the antimetabolites of  the 
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Figure 1  Notch signaling in breast cancer. In Notch-driven breast cancers, tumor cells and neighboring cells express Notch ligand and receptors. In pres-
ence of ADAM/TACE and γ-secretase enzymatic complex, Notch ligand-receptor interactions result in the release of Notch intracellular domain (NICD), which translo-
cate to cell nucleus and activate CSL transcription factor. Target genes include signaling molecules involve in cancer cell survival, proliferation, angiogenesis, growth, 
energy metabolism, and chemoresistance. Inhibitors of many of these signaling molecules have been developed and are in use in various cancers, including g-secretase 
inhibitors, vascular endothelial growth factor inhibitors, estrogen signaling inhibitors, and HER2 inhibitors. ER: Estrogen receptor; HER2: Epidermal growth factor re-
ceptor 2; ADAM/TACE: A disintegrin and metalloprotease/tumor necrosis factor-α converting enzyme; CSL: CBF1/Suppressor of Hairless/LAG-1.
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pyrimidine analog family gemcitabine (PHL-078/CTEP 
8575)[93] or cediranib (PJC-004/NCI 8503) revealed that 
the combinations were safe and promising in breast, tra-
cheal, and pancreas cancer patients. However, anemia, 
diarrhea, fatigue, hypertension, neutropenia, and nausea 
were observed, among other side effects. GSI reported 
side effects seem to be mediated primarily through pro-
teasome inhibition[88,94]. Thus, CSL inhibition, which 
was reported to mediate a more effective inhibition of  
Notch-dependent carcinogenic processes than GSIs[95], 
may represent a less toxic approach for Notch signaling 
targeting.

Another GSI, PF-03084014, also presented promising 
results in breast xenograft models[96], with gastrointesti-
nal toxicity easily abrogated by glucocorticoids[97]. Other 
promising pre-clinical observations included a synergis-
tic effect with the antimitotic drug docetaxel in breast 
cancer[98], colorectal cancer[99], and metastatic pancreatic 
cancer[100] models. Antiangiogenic effects where also re-
ported in combinations with the tyrosine kinase inhibitor 
sunitinib in solid tumors[101], whereas in chronic lympho-
cytic leukemia cells combinations with the nucleoside 
metabolic inhibitor fludarabine inhibited angiogenesis 
as well as migration and invasion of  Notch 1-mutated 
cancer cells[102,103]. PF-03084014 therefore appears as an 
appealing GSI for both solid and blood cancers and may 
be a good targeted-therapy drug in breast cancer. 

CDK
CDKs, cyclins and CDKI
Cyclins, CDK inhibitors (CDKIs, e.g ., p16INK4, 
p15INK4B, p18INK4C. p21WAF1/CIP1[104,105]) and CDKs 
are the three key classes of  regulatory molecules that deter-

mine cell cycle progression through the G0-G1-S-G2 and M 
phases[106,107]. Numerous CDKs are found in eukaryotic cells, 
of  which some are pivotal cell cycle regulators, such as 
CDK1/2/4/6 (Figure 2). CDKs (catalytic subunits, het-
erodimeric serine/threonine kinase class) associate with 
cyclins (regulatory subunits) to form an active catalytic 
complex favoring G1/S cell-cycle progression in mitosis. 
For instance, CDK1/A2 or CDK1/B1 complexes trigger 
mitosis in mammalian cells by phosphorylating down-
stream cell cycle regulatory proteins[108]. Other CDKs 
are involved in the regulation of  cellular transcription, 
such as CDK7-11[107,109]. A recent proteomic analysis of  
the CDK family in human cells has identified a CDK5 
complex as a key regulator of  non-neural cell growth and 
migration factor[110]. 

CDK involvement in breast cancer
Early and emerging evidence suggests that cyclin D1 
promotes breast tumorigenesis[111,112]. CDK1 activity was 
recently reported as a powerful predictor of  taxane che-
mosensitivity, indicating a role for CDK1 in breast tumori-
genesis[111]. Notably, taxanes are the drug class most used 
for breast cancer pre-operative chemotherapy; they induce 
apoptosis in malignant cells by stopping their replica-
tion[113,114]. Moreover, studies investigating genes that are 
synthetically lethal in Myc-dependent cancer identified 
numerous CDKs as Myc synthetic-lethal genes[115-117]. In-
terestingly, in one of  such studies CDK1, but not CDK2 
or CDK4/6 was selectively lethal to Myc-dependent 
breast cancer cells[117]. This observation indicates that 
targeting CDK1 may induce apoptosis in Myc-dependent 
cancers, where Myc drives cancer cell growth and cycle 
progression[118]. Increases in activities and levels of  other 
CDK complexes were also reported in breast cancer 
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Figure 2  CDK4/6 signaling in breast cancer. A: Cyclin dependent kinases (CDK) 4/6 signaling is overexpressed in breast cancer. Such overexpression, which results 
from the silencing of CDK endogenous inhibitors, participate directly to cancer cell proliferation by triggering G1-S transition, and indirectly to chemoresistance via a PI3K/Akt/
mTOR-dependent mechanism; B: CDK4/6 inhibitors sensitize chemoresistant cells to PI3K inhibitors and various other anticancer agents. PI3K: Phosphatidylinositol 3-kinas.
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primary tumors and experimental models, including 
CDK4/6 and cyclin E/CDK2 complexes[119-121]. The oc-
currence of  cyclin E/CDK2 proteolytic cleavage prod-
ucts associates with poor clinical outcome in breast can-
cer patients and increases tumorigenicity in experimental 
models at least partly by promoting stem-like properties 
of  tumor cells[120]. Transcriptional regulator CDK8 target-
ing was also recently reported to inhibit both the prolif-
eration and the migration of  breast cancer cells[122]. In ad-
dition, BRCA2 gene, whose aberrant activating mutations 
associate with familial breast cancer[123,124], was reported 
to induce genomic stability in malignant cells through a 
CDK-dependent mechanism[125].

A link between the cell cycle and steroid hormone 
metabolism involving CDK4/6 was recently uncovered 
in breast cancer primary tumor cells[126]. In this study, 
malignant cells appeared to control the activity of  ste-
roid metabolic enzymes, i.e., the expression of  steroid 
hormone receptors (including ER), by alteration of  
CDK4/6-levels (overexpression of  CDK4 and decrease 
of  its homolog CDK6). Such mechanism may play a 
pivotal role in the carcinogenesis and chemoresistance of  
steroid hormone-dependent cancers. In another recent 
study the newly synthesized compound KU004 that had 
a potent anticancer effect by targeting HER2 induced 
a decrease in CDK4 expression[127]. On the same hand, 
CDK 4/6 inhibitors sensitized PIK3CA mutant breast 
cancer to PI3K inhibitors in a xenograft study[128] (Figure 
2), further suggesting a role for CDK4/6 imbalance in 
breast tumorigenesis.

CDK inhibitors
CDK4/6 inhibitors are more efficient and less toxic anti-
neoplastic agents than molecules targeting other CDKs[129]. 
The selective cyclin D kinase 4/6 inhibitor palbociclib 
(PD-0332991) is currently entering phase Ⅲ trial for ER+ 
breast cancer patients, following encouraging results in 
progression free survival in phase Ⅱ trials[130]. Using the 
bioluminescence imaging technology, an early study in xe-
nograft models displaying metastatic progression revealed 
powerful antimetastatic effects, comparable to avastin, and 
docetaxel effects[131]. In addition, palbociclib, preferentially 
inhibited the proliferation of  luminal ER+ breast cancer 
cell lines in vitro[132], suppressed malignant cell proliferation 
in approximately 85% of  cases irrespective of  ER+/- or 
HER2+/- statuses[133]. Furthermore, palbociclib induced 
growth arrest in hormone-resistant MCF-7 breast can-
cer cells by a mechanism consistent with cellular senes-
cence[134]. This observation is not surprising considering 
the functional link between tumor microenvironment 
carcinogenic activity, ageing, and autophagy discussed 
above (section 2.1), and indicate that the drug may also 
affect metabolic processes in CAFs and stem-like tumor 
cells[33,34]. 

Chemoresistance to CDK4/6 inhibitors has been 
reported[133,135]. Analyses of  primary tumor cells of  cases 
resistant to CDK4/6 inhibitors showed that these cells 
lack the tumor suppressor retinoblastoma protein (RB)[133], 

which is necessary for CDK4/6 control of  the cell cycle 
restriction point[135]. Interestingly, RB-deficient chemore-
sistant breast cancers, such as RB-deficient triple nega-
tive breast cancers, are more sensitive to the metabolic 
inhibitor of  the folate analog family methotrexate and to 
the anthracycline topoisomerase inhibitor doxorubicin 
compared to RB+ cell lines[136], indicating that combina-
tion therapy may improve CDK4/6 inhibitor response 
in resistant cases. However, a report by Roberts and 
colleagues cautioned against the use of  these agents in 
combination with DNA-damaging drugs (e.g., doxorubi-
cin, carboplatin), considering the potential genotoxic side 
effects[129]. The dangers that may result from such combi-
nation also emerged in other pre-clinical studies[137,138]. 

The CDKI dinaciclib (MK-7965), which selectively 
binds to the ATP site of  CDKs and acts as a protein-
protein inhibitor of  bromodomains[139,140], also displayed 
encouraging anticancer properties in pre-clinical studies 
in human cancer models[141,142]. The drug recently en-
tered phase Ⅲ in leukemia[139] and phase Ⅱ trial in solid 
cancers. The drug is well tolerated in monotherapy, but 
revealed an antitumor activity whose efficacy was not su-
perior to the nucleoside metabolic inhibitor capecitabine 
in a phase Ⅱ trial in advanced breast cancer patients[143]. 
Comparable observations were reported in non-small 
cell lung cancer where the drug was compared with the 
protein kinase inhibitor erlotinib[144]. Similar combination 
therapy studies in progress for breast cancer[143,144] may 
provide alternative strategies for breast cancer therapy. 

OTHER EMERGING THERAPEUTIC 
TARGETS
Wnt signaling
A number of  reports have suggested that Wnt signaling 
pathway, which is normally involved in embryonic induc-
tion and cell fate[145,146], is aberrantly activated in blood 
cancers[147-149] and solid cancers, such as head and neck, 
lung, gastrointestinal, and breast cancer[27,150-155]. Wnt5a 
and Wnt11 are major players in macrophage-induced 
malignant invasion in metastatic breast cancer[27,151], and 
several breast tumors constitutively release-inducible Wnt 
ligands[156]. In addition, the naturally occurring pentacyclic 
triterpenoid ursolic acid, which is known to exert anti-
tumor activity in various solid cancers including breast 
cancer, may act through inhibition of  canonical (Wnt/
β-catenin) signaling[150]. Similarly, the natural plant poly-
phenol rottlerin was reported to inhibit Wnt/β-catenin 
signaling in cancer cells by promoting the degradation of  
Wnt co-receptor LRP6 (low density lipoprotein receptor-
related protein 6)[157]. Such inhibition resulted in cell death 
in various cancer cell lines, including MDA-MB-231 and 
T-47D breast cancer cells. Salinomycin, another novel 
LRP6 inhibitor, induced comparable effects in breast 
and prostate cancer cell lines, by inhibiting both Wnt/
β-catenin and PI3K/Akt/mTOR signaling[158].

The development of  specific Wnt inhibitors is in 
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progress. Recently, a specific inhibitor of  Porcupine 
(PORCN, an O-acyltransferase required for the secretion 
of  Wnt ligands[159]) termed as LGK974 was developed. 
LGK974 displayed potent anticancer properties in in vitro 
and in vivo models of  breast cancer and pancreatic adeno-
carcinoma mediated by reduction of  the transcriptional 
expression of  Wnt target genes[147,160]. However, another 
recent report revealed that Wnt signaling molecules are 
differentially expressed in breast cancer clinical subtypes 
and in cancer stem-like cells, indicating that the develop-
ment of  more specific Wnt-targeted therapies in breast 
cancer may be necessary[161]. Wnt signaling was also re-
ported a major role in malignant cell acquired resistance 
to classical chemotherapy, including resistance to tamoxi-
fen[162], and in chemoresistant cells from triple negative 
breast cancer patients[163], suggesting the potential of  Wnt 
inhibitor combination therapies.

Shh signaling
Early studies have suggested that Sonic Hedgehog (Shh) 
overexpression, mediated by both NF-κB up-regulation 
and shh promoter hypomethylation in breast cancer[164], 
is a critical event in the development of  various solid 
cancers[165-167]. For instance, Shh signaling was reported 
to promote the survival of  cancer epithelial cells, but 
not their normal counterparts[168]. Targeting of  Shh tran-
scription activator Gli1 enhanced apoptosis and attenu-
ated migration in inflammatory breast cancer cells[169]. 
In addition, Shh non-classical activation was reported as 
a multidrug resistance enhancer, including resistance to 
Smo inhibitors[170], suggesting that targeting these path-
ways specifically may abrogate the associated chemore-
sistance.

Smo inhibitor anticancer drug cyclopamine, which 
inhibits Shh signaling by antagonizing its downstream 
target Smo, is metabolically stable and is currently inves-
tigated for the treatment of  various cancers[171-173]. The 
chemotherapy drug paclitaxel used in combination with 
cyclopamine was shown to antagonize chemoresistant 
breast cancer cells both in vivo and in vitro[174], suggest-
ing Shh signaling as a candidate for targeted therapy in 
chemoresistant cancer cells. Similarly, cyclopamine also 
sensitized chemoresistant tumor cells to taxane drugs in 
ovarian cancer[175], another hormone-related cancer. Not 
surprisingly, Shh targeting was reported as a therapeutic 
option in endocrine-resistant breast cancer due to its abil-
ity to sensitize PI3K/AKT signaling-induced tamoxifen 
chemoresistant malignant cells[176].

Notably, ER-a physiologically regulates non-canonical 
Shh signaling in the mammary gland, and is essential for 
mammary gland morphogenesis at puberty[177,178]. Howev-
er, Gli1 expression also enhances migration and invasion 
of  malignant cells in ERa-negative and triple negative 
breast cancers, where it represents a predictor of  poor 
prognosis[179]. These observations indicate that Shh sig-
naling involvement in breast cancer cells is complex and 
therefore targeting Shh in chemoresistant cancer therapy 
can also compromise its normal physiological function.

FUTURE DIRECTIONS: 
PERSONALIZED-BASED THERAPY AND 
EPIGENETIC TARGETS
Personalized-based therapy
The major challenges in breast cancer treatment include 
resistance to chemotherapy, hormone therapy and even 
targeted therapy (Table 1), which underline the need for 
developing novel targeted therapies. Although the main 
molecular events driving cancer involve the activation of  
proto-oncogenes or the inactivation of  tumor suppressors, 
deregulation of  various signaling intermediates and meta-
bolic factors have been well documented[72,77,82,83,149,161]. 
The events triggering cancer development affect proto-
oncogenes such as Notch, Wnt, and Shh, which are the 
developmental genes driving embryonic induction and 
organogenesis during fetal life. These genes, whose ex-
pression is normally transcriptionally reduced or silenced 
in most adult tissues (except stem-like cells) by regulator 
molecules, are aberrantly overexpressed in cancer cells, 
conferring them stem-like properties[72,77,82,83,149,161]. 

Concomitantly, neoplastic tissue growth is fuelled by 
the upregulation and overexpression of  receptors such as 
HER2, ER and, IGF-1R[70,71,180], the upregulation and/or 
activation of  signaling molecules associated with cell 
proliferation[111,112], cell migration[181,182], oxidative stress, 
hypoxia and neoangiogenesis[22,26], all which are charac-
teristic of  tumor microenvironment. Thus, the complete 
characterization of  all these tumor promoting events will 
pave the way for the development more efficient and less 
toxic anticancer drugs. Computational causal network 
models aimed at improving the current understanding of  
signaling molecule interactions in breast cancer, which 
will allow the determination of  specific subsets of  pa-
tients susceptible to a given therapeutic approach, are cur-
rently in development[156,183]. Although the complexity of  
such networks makes this effort challenging, nonetheless, 
the development of  such tool would allow implementa-
tion of  a highly efficient personalized-based therapy in 
breast cancer.

Epigenetic changes drive tumorigenesis
Epigenetics describes heritable alterations in gene ex-
pression patterns that do not alter the primary DNA 
sequence, but play critical roles in normal differentiation 
and development. Epigenetic alterations include modi-
fications such as DNA methylation, histone modifica-
tions and nucleosome remodeling. The plasticity and 
reversibility of  epigenetic events enable a better control 
of  the dynamism of  cellular processes. However, de-
regulation of  the normal epigenetic patterns can lead 
to aberrant expression of  cell growth regulatory genes 
that can culminate in cancer. Epigenetic factors affect 
gene expression both pre- and post-transcriptionally and 
probably account for the high inter-individual variability 
in clinical course and treatment outcome of  both blood 
and solid cancers[184,185]. There is ample evidence linking 
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the etiology of  breast to abnormal genetic and epigenetic 
events[180,186,187]. Cancer-specific DNA methylation chang-
es and well as dysregulation of  histone modification have 
been characterized as contributors to breast cancer de-
velopment. Progress in our understanding of  epigenetics 
mechanisms in breast cancer have led to the identification 
of  novel therapeutic targets. Recent therapeutic strategies 
involving the use of  epigenetic agents alone or in com-
bination with chemotherapy and/or endocrine therapy 
are showing promising results in breast cancer patients 
including chemoresistant cases[186,188].

The technological breakthrough of  “omics era” has 
allowed the development of  high-throughput sequenc-
ing technology allowing both global and comprehensive 
investigations of  the interactome, the epigenome, and 
the transcriptome (i.e., active signaling pathways, cascades 
of  pre- and post-translational changes affecting specific 
genes, and changes in gene expression)[189-191] at individual 
level. Epigenetic alterations in cancer constitute appeal-
ing therapeutic targets due to their pivotal roles in disease 
initiation, progression, and chemoresistance, and to their 
reversibility. For instance, chemoresistance to the ER 
antagonist fulvestrant is mediated by epigenetic modula-
tion (more specifically hSWI/SNF-mediated chromatin 
remodeling) of  GPER and CDK6 expression[192], sug-
gesting that adjuvant therapy targeting SWI/SNF activity 
may induce apoptosis in resistant cancer cells. SWI/SNF 

tumor-dependency has also been reported in other solid 
cancers and in leukemias[193,194].

Epigenetic targets in breast cancer: histone deacety-
lation and DNA hypermethylation

Studies have shown that the transcriptional expression 
of  various signaling molecules associated with breast can-
cer and other cancers may result from selective epigenetic 
silencing of  regulator genes mediated by histone deacety-
lation and gene promoter (DNA) hypermethylation[195-197], 
among other potential epigenetic mechanisms[186,198]. For 
instance, the reduction in ER expression observed in 
various chemoresistant breast tumors may be mediated 
by epigenetic silencing (e.g., erβ1 silencing)[199]; and some 
histone deacetylases (HDACs) such as HDAC3/8 were 
reported to play pivotal regulatory roles in the prolifera-
tion of  normal and MDA-MB-231 cells[200].

Data from numerous pre-clinical in vivo and in vitro 
studies support the potential of  DNA methylation sta-
tus targeting in breast cancer. Both the HDAC inhibitor 
(HDACI) trichostatin A and the DNA methyltransferase 
(DNMT) inhibitor (DNMTI) deoxycytidine (5-aza-2’-
deoxycytidine) induced apoptosis in various breast cancer 
cell lines[201-205]. The HDACI Romidepsin (FK-288) elimi-
nated both primary and metastatic tumors in combina-
tion with Paclitaxel in the Mary-X pre-clinical model of  
inflammatory breast cancer[206]. The green tea-derived 
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  Drug Trade name Class Anticancer mechanism 

  Classical chemotherapy
     Methotrexate Abitrexate®, Mexate®, Folex® Antimetabolites, folate 

analogs
Folate receptor competitive antagonist[218]

     5-fluorouracil Adrucil®, Efudex®, Fluoroplex®, prodrug 
capecitabine/Xeloda®

Antimetabolite, pyrimidine 
analogs

Inhibition of the phosphatase and tensin 
homolog  thymidylate synthase[219]

     Gemcitabine hydrochloride Gemzar®

     Doxorubicin hydrochloride Adriamycin® Anthracycline Deoxyribonuclease inhibitor[220]

     Epirubicin hydrochloride Ellence®

     Pamidronate disodium Aredia® Nitrogen-containing 
bisphosphonate

Inhibition of farnesyl pyrophosphate synthase 
activity[221]

     Cyclophosphamide Clafen®, Cytoxan®, Neosar® Nitrogen mustard alkylating 
agent

Inhibition of DNA replication by interacting 
with the alkyl group of DNA guanine base[222]

     Paclitaxel Abraxane® Taxol® Taxanes Microtubule Inhibitors[223,224]

     Docetaxel Docecad®, Taxotere®

     Ixabepilone Ixempra® Epothilone B analog
  Targeted therapy
     Everolimus Afinitor® mTOR inhibitor Silencing of PI3K/Akt/mTOR signaling[225]

     Trastuzumab Herceptin® HER2 inhibitor Anti-HER2 monoclonal antibodies[226,227]

     Pertuzumab Perjeta®

     Ado-Trastuzumab Emtansine Kadcyla® Antibody-drug conjugate HER2 inhibitor and cytotoxic agent[228]

     Lapatinib ditosylate Tykerb® Dual tyrosine kinase inhibitor EGFR/HER2 inhibitor[229]

  Hormone therapy
     Toremifene Fareston® Selective ER modulator Silence ER signaling[230,231]

     Fulvestrant Faslodex® ER antagonists 
     Tamoxifen citrate Nolvadex®

     Anastrozole Arimidex® Aromatase inhibitors Inhibit estrogen synthesis[232-234]

     Exemestane Aromasin®

     Letrozole Femara®

     Goserelin acetate Zoladex® GnRH agonist
     Megestrol acetate Megace® Progesterone derivative Progestational and antigonadotropic effects[235]

Table 1  Current therapeutics for breast cancer

PI3K: Phosphatidylinositol 3-kinase; Akt: Protein kinase B; HER: Epidermal growth factor receptor 2.

Nwabo Kamdje AH et al . New targeted therapies for breast cancer



anticancer molecule epigallocatechin-3-gallate suppressed 
invasiveness in MDA-MB-231 and MCF-7 breast cancer 
cells by silencing matrix metalloproteinase 2 (MMP2) and 
MMP-9 and inducing TIMP-3 through increased activi-
ties of  the enhancer of  zeste homolog 2 and HDACs[207]. 
Suberoylanilide hydroxamic acid, another naturally oc-
curring HDACI, restored radiosensitivity and suppressed 
breast cancer lung metastasis in vitro and in vivo[208]. 

The HDACI Vorinostat sensitized mesenchymal-like 
triple-negative breast cancer cell lines to hormone therapy 
by reactivating ERa[209] and PI3K/Akt/mTOR signaling 
sensitivity[210], corroborating the role of  epigenetic altera-
tions in chemoresistance development in breast tumors. 
Furthermore, the HDACI abexinostat induced cancer-like 
stem cells differentiation in 16 breast cancer cell lines[211]. 
Because of  these interesting observations, the HDA-
CIs belinostat, panobinostat, and vorinostat, previously 
used only in blood cancers, have entered phase Ⅰ and 
Ⅱ clinical trials in solid tumors, such as lung, prostate, 
gastrointestinal, ovarian and breast cancer, where they 
are showing encouraging results (for review see[212]). Vari-
ous DNMTI are also showing encouraging responses in 
metastatic and chemoresistant breast cancers in mono-
therapy and in combination therapies in phase Ⅰ and Ⅱ 
trials[213-217]. 

CONCLUSION
Targeted therapies are associated with reduced adverse 
effects and better outcome. Tumor microenvironment 
cells such as cancer-associated fibroblasts and tumor-as-
sociated macrophages undergo aberrant genetic and epi-
genetic changes that trigger the overexpression of  signal-
ing molecules promoting neoplasia and neoplastic tissue 
survival. Many therapeutic targets have emerged. They 
include Notch, CDKs, mTOR, Wnt, and Shh, whose in-
hibitors are showing promising results in ongoing clinical 
trials, both in monotherapy and in combination therapy. 
Similarly, epigenetic drugs are also showing encourag-
ing results in breast cancer, particularly in advanced and 
chemoresistant cases. New technological advances will 
enable the identification of  precise alterations affecting 
the interactome, transcriptome, and the epigenome, lead-
ing to the design of  more specific tailored therapies. Such 
therapeutic approach may also be beneficial in the treat-
ment of  chemoresistant breast cancers.
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Abstract
Acinetobacter baumannii  (A. baumannii ) is undoubtedly 
one of the most successful pathogens in the modern 
healthcare system. With invasive procedures, antibi-
otic use and immunocompromised hosts increasing 
in recent years, A. baumannii  has become endemic 
in hospitals due to its versatile genetic machinery, 
which allows it to quickly evolve resistance factors, 
and to its remarkable ability to tolerate harsh environ-
ments. Infections and outbreaks caused by multidrug-
resistant A. baumannii  (MDRAB) are prevalent and 
have been reported worldwide over the past twenty or 
more years. To address this problem effectively, knowl-
edge of species identification, typing methods, clinical 
manifestations, risk factors, and virulence factors is 
essential. The global epidemiology of MDRAB is moni-
tored by persistent surveillance programs. Because 
few effective antibiotics are available, clinicians often 
face serious challenges when treating patients with 
MDRAB. Therefore, a deep understanding of the resis-
tance mechanisms used by MDRAB can shed light on 
two possible strategies to combat the dissemination of 
antimicrobial resistance: stringent infection control and 

antibiotic treatments, of which colistin-based combina-
tion therapy is the mainstream strategy. However, due 
to the current unsatisfying therapeutic outcomes, there 
is a great need to develop and evaluate the efficacy 
of new antibiotics and to understand the role of other 
potential alternatives, such as antimicrobial peptides, in 
the treatment of MDRAB infections.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acinetobacter baumannii ; Antibiotic resis-
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Core tip: With the current rapid increase in the numbers 
of studies on Acinetobacter baumannii (A. baumannii ), 
the complexity of the entire picture regarding how this 
superbug copes with its environment and influences 
human beings is gradually being understood. By con-
ducting a thorough review of this topic, this paper aims 
to present the relevant literature regarding the anti-
microbial resistance of A. baumannii  and the currently 
available treatment options for A. baumannii  infections 
to highlight possible future research directions.
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baumannii: From bench to bedside. World J Clin Cases 2014; 
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INTRODUCTION
Species identification and current taxonomy 
Acinetobacter spp. are glucose-non-fermentative, non-
motile, non-fastidious, catalase-positive, oxidase-negative, 
aerobic Gram-negative coccobacilli[1]. Since 1986, the 
taxonomy of  the genus Acinetobacter has been modified 
several times. Currently, the original single species clas-
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sification of  Acinetobacter calcoaceticus (A. calcoaceticus) has 
been abandoned, and at least 34 genomic species can be 
distinguished within the genus Acinetobacter, 23 of  which 
have been assigned species names[2]. The challenge in the 
taxonomy of  Acinetobacter is due to the clusters of  closely 
related species that are difficult to distinguish using phe-
notypic traits and chemotaxonomic methods. The A. 
calcoaceticus-Acinetobacter baumannii (A. baumannii) complex, 
comprising A. calcoaceticus, A. baumannii, and the genomic 
species 3 and 13TU, is the most well-known example[3]. 
Because the antibiotic susceptibilities and clinical rel-
evance of  the different genomic species are significantly 
different[4-7], genomic methods for Acinetobacter species 
identification are necessary. A number of  genomic finger-
printing methods have been proposed, including pulsed-
field gel electrophoresis (PFGE); ribotyping; polymerase 
chain reaction (PCR)-based fingerprinting techniques, 
such as random amplified polymorphic DNA analysis; 
repetitive extragenic palindromic sequence-based PCR 
(rep-PCR); amplified ribosomal DNA restriction analy-
sis; RNA spacer fingerprinting; and amplified fragment 
length polymorphism analysis[8]. In addition, new meth-
ods, such as 16S-23S ribosomal intergenic spacer, 16S 
rRNA gene, rpoB gene and gyrB gene sequence analyses, 
have been developed for Acinetobacter species identifica-
tion[9,10].

Common typing methods in outbreak investigations 
Of  all of  the Acinetobacter species, A. baumannii is the most 
important member associated with infections in clinical 
practice and causes most of  the reported outbreaks. In ad-
dition to chart review and statistical epidemiology, some 
DNA fingerprinting methods are valuable in outbreak in-
vestigations and strain discrimination. Rep-PCR, PFGE, 
and multilocus sequence typing (MLST) have all been 
used in previous studies. Rep-PCR has been proven to be 
a useful and expedient method for the epidemiological 
characterization of  A. baumannii nosocomial outbreaks[11]. 
Rep-PCR has also been used as a tool for determining 
species lineages of  A. baumannii in a hospital[12] and for 
differentiating pan-European, multi-resistant A. bauman-
nii clone Ⅲ from clones Ⅰ and Ⅱ[13]. Despite the inter-
laboratory variability of  rep-PCR, this method has the 
advantage of  being faster to perform than PFGE and 
MLST. The intra-laboratory clustering of  A. baumannii 
has been shown to be well conserved[14] and to correlate 
well with PFGE[15] or MLST results[16], demonstrating 
the robustness of  rep-PCR. We have found one rep-
PCR major cluster (84%) of  A. baumannii carrying a class 
I integron that spread among four regional hospitals in 
northern Taiwan[17]. However, PFGE is still considered 
the gold standard for typing outbreak-related isolates of  
A. baumannii[18-21], whereas MLST provides a high level 
of  resolution and is an excellent tool for studying the 
population structure and long-term epidemiology of  A. 
baumannii[22]. Recently, the A. baumannii MLST database 
(http://pubmlst.org/abaumannii/) was developed for the 
BIGSdb genomics platform[23] to assist the broader com-
munity in elucidating the structure and function of  this 

microorganism.  

Clinical manifestations
A. baumannii, named after Paul Baumann, is ubiquitous in 
soil and water[24]. Previously, A. baumannii was regarded 
as a low-virulence commensal bacterium. However, it has 
become a successful pathogen[25] and has emerged as a 
major cause of  healthcare-associated infections, most of  
which have occurred in critically ill patients in the inten-
sive care unit (ICU) setting[26]. In recent decades, infec-
tions caused by A. baumannii have also occurred outside 
the ICU or in trauma patients after natural disasters, and 
they have even affected patients with co-morbidities in 
the community[27]. Reports of  community-acquired Aci-
netobacter infections have increased over the past decade[28]. 
Several different types of  infections, including pneumo-
nia, urinary tract infections, bacteremia, wound infec-
tions and even meningitis, are caused by this organism[29]. 
These infections often occur in older patients, many of  
whom have chronic underlying diseases and have previ-
ously received antimicrobial treatment[30,31]. The mortality 
of  patients with A. baumannii infections in hospitals and 
in the ICU has ranged from 7.8% to 23% and from 10% 
to 43%, respectively[32].

Risk factors
In recent years, many studies have reported the risk fac-
tors for acquiring A. baumannii infections and have par-
ticularly focused on those caused by multidrug-resistant 
strains. The acquisition of  MDRAB is related to multiple 
factors, including environmental contamination and con-
tact with transiently colonized healthcare providers[33]. 
The independent risk factors for the acquisition of  imi-
penem-resistant A. baumannii (IRAB) include a hospital 
size of  > 500 beds, previous antimicrobial treatment, a 
urinary catheter, surgery[34], previous ICU stay, and prior 
exposure to imipenem or third-generation cephalospo-
rins[35]. The only significant independent risk factor for 
the appearance of  imipenem-resistant multidrug-resistant 
A. baumannii (MDRAB) in patients formerly infected 
with imipenem-susceptible MDRAB is imipenem or 
meropenem exposure[36]. For extensively drug-resistant 
A. baumannii (XDRAB) infections, the prior use of  imi-
penem, meropenem, piperacillin/tazobactam or fourth-
generation cephalosporins and > 30 d of  being bed-
ridden have been found to be independent risk factors[37]. 
A systematic review concluded that the acquisition and 
spread of A. baumannii appeared to be related to a large 
number of  variables, the most important of  which were 
deficiencies in the implementation of  infection control 
guidelines and the use of  broad-spectrum antibiotics[38]. 

The risk factors that are associated with A. baumannii 
bacteremia are immunosuppression, unscheduled hospital 
admission, respiratory failure at ICU admission, previous 
antimicrobial therapy, previous sepsis in the ICU, and the 
invasive procedures index[39]. Resistance to carbapenems, 
mechanical ventilation, and the presence of  malignancy 
have also been found to be associated with high mor-
tality rates in patients with A. baumannii bacteremia[40]. 
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Regarding ventilator-associated pneumonia caused by 
A. baumannii, the risk factors include neurosurgery, adult 
respiratory distress syndrome, head trauma, and large-
volume pulmonary aspiration[41]. Because various studies 
showed certain differences in the risk factors of  acquiring 
drug-resistant A. baumannii bacteremia or pneumonia[42-46], 
a separate investigation should be performed in each hos-
pital setting to limit the spread of  this pathogen[38].

Virulence factors
Previously, A. baumannii was regarded as a low-grade 
pathogen; however, it contains virulence factors that en-
hance its bacterial toxicity and pathogenicity. A combined 
approach of  genomic and phenotypic analyses led to the 
identification of  several virulence factors, including ex-
tracellular components with hemolytic, phospholipase, 
protease and iron-chelating activities, biofilm formation, 
surface motility, and stress resistance[47]. The biofilm 
formation of  A. baumannii facilitates its attachment to 
abiotic and biotic surfaces[48], including those of  medical 
devices and host tissues. The initiation and maturation 
of  biofilms are related to pilus assembly and the produc-
tion of  the biofilm-associated protein (Bap), which is 
regulated by the two-component system BfmRS[49]. The 
Bap protein plays a role in adhesion to human epithelial 
cells[50], and the inhibition of  this protein can prevent 
A. baumannii infection[51]. In fact, in a multicenter cohort 
study, all catheter-related urinary or blood stream infec-
tions due to A. baumannii were caused by biofilm-forming 
strains[52]. A 2D proteomic analysis of  pellicle-forming A. 
baumannii isolates showed that overexpression of  CarO, 
which is an OprD-homolog, siderophore iron uptake, 
and pili systems are involved in the development of  bio-
films[53]. 

Iron uptake systems are essential to the survival and 
pathogenicity of  bacteria, especially in the low-iron envi-
ronment of  the human host. A. baumannii grown under 
iron-limited conditions undergo major transcriptional 
changes of  not only many iron acquisition-related genes 
but also of  genes involved in motility[54]. A. baumannii is 
well-equipped with metal homeostatic systems that are re-
quired for the colonization of  a diverse array of  tissues[55]. 
Genome investigations have revealed wide distributions 
of  endogenous siderophores in clinical A. baumannii iso-
lates, arguing for their role in pathogenic capabilities[47]. 
The zinc acquisition system has also been found in A. 
baumannii, which is required for efficient zinc uptake in 
vitro and full pathogenesis in vivo[56].

A. baumannii adheres to human bronchial epithelial 
cells in vitro, and its prevalent European clone Ⅱ has 
a relatively high capacity for adhering to these cells[57]. 
Additionally, the K1 capsular polysaccharide has been 
shown to prevent A. baumannii from being phagocytized 
by macrophages, to optimize its growth in human asci-
tes fluid and serum, and to enhance its survival in a rat 
soft tissue infection model[58]. Moreover, several proteins 
have been implicated as possible virulence factors in A. 
baumannii. Omp38 induces the apoptosis of  host cells[59], 
the absence of  the RecA protein decreases survival in 

response to both heat shock and desiccation[60], and the 
inactivation of  phospholipase D diminishes A. baumannii 
pathogenesis[61]. Importantly, the outer membrane pro-
tein A of  A. baumannii (AbOmpA) is the most abundant 
surface protein that has been associated with the apopto-
sis of  epithelial cells through mitochondrial targeting[62]. 
AbOmpA is also the major nonspecific channel in A. bau-
mannii and appears to be essential for this organism’s high 
levels of  intrinsic resistance to a number of  antibiotics[63]. 
A. baumannii can rapidly develop resistance to polymyxin 
antibiotics through the loss of  the lipid A component of  
lipopolysaccharide[64], which subsequently alters the ex-
pression of  critical transport and biosynthesis systems as-
sociated with modulating the composition and structure 
of  the bacterial surface[65].

GLOBAL EPIDEMIOLOGY
Two key factors contributing to the significant and ubiq-
uitous dissemination of  A. baumannii in hospitals are the 
extent of  its antimicrobial resistance and its environmen-
tal resilience[66]. The extent of  antimicrobial resistance 
is more severe in A. baumannii isolates from patients in 
Asian and European ICUs than from patients in Ameri-
can ICUs[27], and significant increases in antimicrobial 
resistance were noted worldwide from 2004 to 2009. 
The highest resistance rates in 2009 were for ceftriaxone 
(83.6%), piperacillin-tazobactam (82.0%), and ceftazidime 
(80.3%) in the Middle East. Increases in resistance were 
noted for all antimicrobials in isolates collected from the 
Asia-Pacific Rim, ranging from a 19.1% increase in cef-
tazidime resistance to a 38.9% increase in levofloxacin 
resistance. Resistance also increased significantly in Africa 
(including piperacillin-tazobactam, ceftriaxone, cefepime, 
amikacin, meropenem, and levofloxacin resistance) and 
Europe (including piperacillin-tazobactam, ceftriaxone, 
ceftazidime, levofloxacin, amikacin, minocycline, merope-
nem, and cefepime resistance)[67].

The first MDRAB isolate resistant to almost all avail-
able antibiotics in Taiwan was discovered in 1998[68]. Since 
then, many MDRAB outbreaks have been reported in 
Taiwan[69-72]. A Taiwanese surveillance report of  antimi-
crobial resistance in 2000 found that 73% of  A. bauman-
nii isolates collected from 21 medical centers and regional 
hospitals were ceftazidime-resistant[73]. Another study 
conducted during the same year at five major teaching 
hospitals in Taiwan showed that as many as 22% of  A. 
baumannii isolates were not susceptible to imipenem[74]. 
In 2012, the Taiwan Surveillance of  Antimicrobial Resis-
tance program showed that the prevalence of  the IRAB 
complex increased from 3.4% in 2002 to 58.7% in 2010 
and that of  the XDRAB complex increased from 1.3% in 
2002 to 41.0% in 2010[75]. In addition, the proportion of  
healthcare-associated infections caused by carbapenem-
resistant A. baumannii (CRAB) significantly increased, 
compared to infections by all A. baumannii, from 14% in 
2003 to 46% in 2008 in Taiwan[76]. The local spread of  
MDRAB has been demonstrated in five proximal hos-
pitals in northern Taiwan, with resistance determinants 
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distributed widely in clonal and non-clonal isolates[77].
In addition to its prevalence in Taiwan, MDRAB is 

also prevalent in hospitals in many areas of  the world, 
including Korea[78], Belgium[79], Italy[80], Iraq[81], Israel[82], 
Greece[83] and America[84]. Furthermore, a one-year 
study demonstrated that three clones of  MDRAB had 
spread in hospitals in Brazil[85]. In a single institution in 
Queensland, Australia, sequence type 92 (ST92) was the 
dominant sequence type and was present for 9 years[86]. 
Additionally, clonal dissemination among three hospitals 
located in two different cities has been documented in 
China, indicating the epidemic potential of  MDRAB[87]. 
Both inter-institutional and intra-institutional transmis-
sion of  a strain of  A. baumannii is possible[15]. Several 
multidrug-resistant clones can coexist endemically in one 
hospital for several years[31,88], and the same clones often 
spread on a small scale within a short period of  time[31] or 
can be detected during an outbreak by a close survey of  
epidemic sources[88]. Furthermore, such outbreaks can oc-
cur across national boundaries. For example, Wybo et al[89] 
reported a MDRAB nosocomial infection involving ap-
proximately 20 patients in a university hospital in Belgium 
that was the result of  a transfer of  two patients from 
Greece.

In addition to the increasing importance of  MDRAB 
in nosocomial infections, the increasing reports of  out-
breaks caused by CRAB in recent years have become 
another frightening reality. The imipenem resistance rate 
of  A. baumannii from a worldwide collection between 
2005 and 2009 reached resistance rates of  greater than 
50%[90]. In Brooklyn, New York, citywide surveillance 
revealed that about 2 of  every 3 isolates were resistant 
to carbapenem antibiotics[91]. One predominant strain 
type of  CRAB has established predominance after being 
introduced in a university hospital in Chicago in 2005[21]. 
In addition, molecular epidemiological investigations of  
sequential outbreaks of  A. baumannii in an ICU showed 
the emergence of  carbapenem resistance in Italy from 
1999 to 2002[19]. The clonal spread of  imipenem-resistant 
Acinetobacter spp. accompanied by the wide dissemination 
of  the OXA-23 carbapenemase has been noted in Chi-
na[92]. The first CRAB outbreak was reported in America 
in 1991, followed by global CRAB dissemination[93]. Most 
outbreaks caused by CRAB have occurred in ICU set-
tings[29,94] throughout many countries. An outbreak caused 
by pandrug-resistant A. baumannii (PDRAB) was also re-
ported in a pediatric ICU in a Taiwanese hospital[95]. 

COMPARATIVE GENOMICS
In recent years, whole-genome sequencing and compara-
tive genomics have been performed to elucidate the ge-
netic basis of  A. baumannii resistance, especially regarding 
the extent of  variability and the acquisition and transfer 
of  resistance determinants among different strains. The 
A. baumannii strain AYE, an endemic strain in France, 
exhibits an 86-kb resistance island in which 45 resistance 
genes are clustered[96]. Sequence similarities and phyloge-
netic analyses confirm that most of  the resistance genes 

found in the A. baumannii AYE strain have been acquired 
from bacteria of  the genera Pseudomonas, Salmonella, or 
Escherichia. Using pyrosequencing and transposon muta-
genesis, the assembled genome of  A. baumannii ATCC 
17978 has been shown to consist of  3976746 base pairs 
(bp) and 3830 open reading frames (ORFs), a significant 
fraction (17.2%) of  which are located in 28 putative alien 
islands[97]. A remarkable number of  the islands contain 
genes implicated in virulence. A. baumannii ACICU has 
a single chromosome of  3904116 bp and two plasmids, 
pACICU1 and pACICU2, of  28279 and 64366 bp, re-
spectively[98]. As many as 36 putative alien islands (pAs), 
15 of  which encode genes related to drug resistance, have 
been detected in the ACICU genome. One investigation 
involving MDRAB strains from hospitals of  10 Europe-
an countries showed that AbaR3 is the original structure 
from which the AbaRs, the genomic islands containing 
many resistance genes, have been derived in European 
clone I, thus providing the strains of  this lineage with a 
selective advantage[99]. All of  these findings indicate that 
the genome of  A. baumannii has acquired a large amount 
of  foreign DNA, which has an important role in patho-
genesis and antimicrobial resistance. 

Currently, the whole-genome sequencing of  the wide-
ly spread MDRAB strain MDR-ZJ06[100]; an MDR-TJ[101] 
strain in China; and two other multidrug-resistant strains 
(TCDC-AB0715, harboring both blaOXA-23 and blaOXA-66

[102], 
and TYTH-1[103] from Taiwan) has been completed. A 
comparative genomics analysis has revealed a common 
strain lineage between the Taiwanese strains (TYTH-1 
and TCDCAB0715) and the Chinese strains (MDR-TJ 
and MDR-ZJ06)[104]. Phylogenetic studies and GC pro-
files showed that the genome of  TYTH-1 was the closest 
to the genome of  MDR-ZJ06, which implies that the 
dissemination of  blaOXA-23-carrying CRAB in Taiwan may 
have been mediated by the transfer of  people between 
Taiwan and China.

Adams et al[105] found that the entire multidrug-resis-
tance phenotype of  A. baumannii can be explained by the 
acquisition of  discrete resistance determinants distrib-
uted throughout the genome. A comparison of  closely 
related multidrug-resistant and drug-susceptible isolates 
suggests that drug efflux may contribute less to the resis-
tance to certain classes of  antibiotics than inactivation of  
enzymes. A resistance island with a variable composition 
of  resistance determinants interspersed with transpo-
sons, integrons, and other mobile genetic elements is a 
significant contributor to the multidrug-resistant pheno-
type. A whole-genome sequencing analysis of  six closely 
related clinical isolates of  A. baumannii, including four 
from one hospital, revealed an extensive divergence of  
the resistance genotype that correlated with the observed 
differences in antimicrobial susceptibility[106]. Resistance 
genes associated with insertion sequences, plasmids, and 
a chromosomal resistance gene island all showed certain 
degrees of  variability. The dynamic resistance gene pool 
suggests the rapid evolution of  drug resistance in A. 
baumannii. The whole-genome sequencing of  three domi-
nant A. baumannii strains in an outbreak concluded that 
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much of  their diversification was mediated by homolo-
gous recombination across 20% of  their genomes[107]. 
The differences in genomic contents among different 
Acinetobacter spp. are partly shaped by their distinct eco-
logical niches[108]. This notion is further supported by the 
variable presence of  some genes encoding transcription 
factors and transporters among clinical isolates and their 
environmental Acinetobacter spp.[105]. 

RESISTANCE MECHANISMS
Overview
Currently, centain strains of  A. baumannii is highly resis-
tant to most antibiotics available in clinical practice. A 
number of  resistance mechanisms to many classes of  
antibiotics are known to exist in A. baumannii, including 
β-lactamases, multidrug efflux pumps, aminoglycoside-
modifying enzymes, permeability defects, and the altera-
tion of  target sites[109-111]. Most of  these resistance mecha-
nisms can target different classes of  antibiotics. However, 
several different mechanisms can work together to 
contribute to the resistance to a single class of  antibiot-
ics. For example, the resistance mechanisms in CRAB are 
diverse[112]. In addition to β-lactamases with carbapenem-
hydrolyzing activity as a major carbapenem resistance 
mechanism, which include carbapenem-hydrolyzing 
class D β-lactamases (CHDLs) and metallo-β-lactamases 
(MBLs), porins such as CarO[66] and penicillin-binding 
protein modifications might also be involved in carbap-
enem resistance[113]. The spread of  multidrug-resistance 
determinants in A. baumannii is mostly through plasmid 
conjugation, transposon acquisition or integron mobili-
zation to gain clusters of  genes encoding resistance to 
several antibiotic families[110]. Furthermore, the functional 
insertion sequences are important in amplifying antimi-
crobial resistance and gene plasticity[114-118]. Table 1 shows 
the various antimicrobial resistance mechanisms of  A. 
baumannii. The details are further discussed below.

β-lactamase 
Inactivation of  β-lactams constitutes an important part 
of  multidrug resistance in A. baumannii, especially for 
β-lactam antibiotic resistance. All four Ambler classes 
of  β-lactamases (i.e., classes A, B, C and D) can be 
identified in this organism[66]. Although a wide range 
of  class A β-lactamases, including those of  temoneira 
(TEM)[119-121], sulfhydryl variable (SHV)[122], cefotaxime 
hydrolyzing capabilities (CTX-M)[123,124], guiana extended-
spectrum (GES)[115,125], self-transferable plasmid from E. 
coli (SCO)[126], Pseudomonas extended resistant (PER)[127-130], 
vietnam extended-spectrum β-lactamase (VEB)[96,131-133], 
carbenicillin hydrolyzing β-lactamase (CARB)[134,135] and K. 
pneumoniae carbapenemase (KPC)[136], have been reported 
in A. baumannii (Table 1), they are generally regarded 
to play a minor role in its resistance phenotype, espe-
cially in carbapenem resistance. Some of  these enzymes 
are narrow-spectrum β-lactamases, e.g., TEM-1[119-121], 
SCO-1[126] and CARB-4 [135]; however, a number of  
these enzymes are still responsible for the hydrolysis of  

extended-spectrum β-lactams (ESBL). PER-1 was the 
first ESBL enzyme identified in A. baumannii[137], whereas 
TEM-92 and CARB-10 were the first reported TEM-
type[120] and CARB-type[134] ESBLs, respectively. Later, 
the chromosomally encoded ESBLs SHV-5[122], PER-2[132] 
and PER-7[129,130] were also described. A. baumannii strains 
carrying the extended spectrum VEB-1 enzyme were first 
reported in an outbreak in France[131]. GES-11, an inte-
gron-associated GES variant, can even confer reduced 
susceptibility to carbapenems[115,125]. In addition, CTX-M 
enzymes are transmitted by integrons or plasmids, indi-
cating the potential dissemination in outbreaks between 
different strains[123, 124]. Finally, KPC-10 was the first KPC 
β-lactamase to be identified[136].

Class B β-lactamases can confer resistance to the ma-
jority of  β-lactams because of  their broad range, potent 
carbapenemase activity and resistance to inhibitors[138]. 
Although MBLs are not the predominant carbapene-
mases in A. baumannii, verona integron-encoded metallo-
β-lactamase (VIM), imipenemase (IMP) and seoul 
imipenemase (SIM) MBLs have been found contribute 
to the high-level resistance to carbapenems. The first 
VIM enzyme was described by Yum in 2002[139]. There-
after, several other VIM variants, including VIM-1[140-142], 
VIM-3[143], VIM-4[141,142], and VIM-11[143], were identified 
in A. baumannii. IMP enzymes have also been reported in 
several Gram-negative bacteria worldwide, including A. 
baumannii. At least nine variants of  IMP enzymes have 
been identified in A. baumannii: IMP-1[144], IMP-2[145], 
IMP-4[146,147], IMP-5[148], IMP-6[149], IMP-8[143], IMP-11[150], 
IMP-19[150] and IMP-24[143]. SIM-1 is the only SIM en-
zyme that has been reported in A. baumannii[151]. More 
recently, NDM (new Deli metallo-β-lactamase)-1[152-154] 
and NDM-2[155] were observed in A. baumannii. blaNDM-1 is 
integrated in the chromosome within a new transposon 
structure with two copies of  the insertion sequence ISA-
ba125 in one clinical strain of  A. baumannii. Such variabil-
ity of  the genetic environment of  blaNDM-1 likely facilitates 
its rapid dissemination[153].

The nucleotide sequence of  the chromosomal cepha-
losporinase gene, which encodes an AmpC β-lactamase, 
in A. baumannii was first characterized in a clinical isolate 
from Spain in 2000[156]. Different isolates of  A. bauman-
nii have been shown to have almost identical AmpC se-
quences (no more than two amino-acid substitutions)[157]. 
A phylogenetic analysis showed that Acinetobacter ampC 
genes are descended from a common ancestor and are 
more closely related to each other than the ampC genes 
found in other species of  bacteria[158]. The class C chro-
mosomal β-lactamase AmpC in A. baumannii has a typical 
cephalosporinase substrate profile[156]. The presence of  
AmpC β-lactamase plays an important role in β-lactam 
resistance in A. baumannii, and in fact, a high percent-
age of  drug-resistant A. baumannii possess blaampc

[119]. In a 
study of  23 MDRAB clinical isolates from five proximal 
hospitals in Taiwan, all isolates had AmpC-type bla[77]. 
The presence of  an insertion sequence with a strong pro-
moter upstream of  ampC in A. baumannii clinical isolates 
has the potential to overexpress AmpC, resulting in high-
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  Resistance 
  mechanism

Class/family Protein Ref.

  β-lactamases   Class A TEM-1 [105,119,121]
TEM-92 [120]
SHV-5 [122]

CTX-M-2 [123]
CTX-M-15 [124]

GES-11 [115,125]
GES-12 [115]
GES-14 [115]
SCO-1 [126]
PER-1 [127,128]
PER-2 [132]
PER-7 [129,130]
VEB-1 [96,105,131-133]

CARB-4 [135]
CARB-10 [134]
KPC-10 [136]

  Class B VIM-1 [140-142]
VIM-2 [139,143]
VIM-3 [143]
VIM-4 [141,142]
VIM-11 [143]
IMP-1 [144]
IMP-2 [145]
IMP-4 [146,147]
IMP-5 [148]
IMP-6 [149]
IMP-8 [143]
IMP-11 [150]
IMP-19 [150]
IMP-24 [143]
SIM-1 [151]

NDM-1 [152-154]
NDM-2 [155]

  Class C AmpC [156-160]
  Class D
  Narrow-  
  spectrum
     OXA-3 
    group

OXA-21 [163]

    OXA-20 
    group

OXA-37 [164]

    OXA-10 
    group

OXA-128 [387]

  CHDLs
     OXA-23 
    group

OXA-23 [66,92,105,147,167-183]
OXA-133 [185]

     OXA-24    
     group

OXA-40/24 [197,201,204]
OXA-40 [188,200, 202,203]
OXA-72 [92,205,206]

OXA-25, OXA-26, 
OXA-27

[198]

     OXA-51 
     group

OXA-51 [105,187-190]
OXA64, OXA-65, 

OXA-66,  OXA-68, 
OXA-70, OXA-71

[191]

OXA-69, OXA-75, 
OXA-76, OXA-77

[186]

OXA-79, OXA80, 
OXA-104, 

OXA106~OXA-112

[194]

OXA-82, OXA-83, 
OXA-84

[192,194]

OXA-86, OXA-87 [193]

Table 1  Antimicrobial resistance mechanisms in Acineto-
bacter baumannii

 
 
 
 

OXA-88, OXA-91, 
OXA-93, OXA-94, 
OXA-95, OXA-96

[147]

OXA-92 [195]
OXA-113 [122]

     OXA-58     
   group

OXA-58 [116,118,207,210,211,
21,5,219]

OXA-96 [147]
OXA-97 [220]

Novel groups OXA-143 [196]
OXA-182 [221]
OXA-235 [222]

Efflux pumps   RND AdeABC [235,238]
AdeFGH [243]
AdeIJK [244]

  MFS TetA [248]
CmlA [225]
MdfA [233]
CraA [249]

AmvA [250]
  MATE AbeM [251]
  SMR AbeS [252]

AME   AAC AAC3 (aacC1, 
aacC2)

[256]

AAC (6′) (aacA4) [17,253,257-259,261]
  ANT ANT (2′′) (aadB) [256]

ANT (3′′) (aadA1) [17,253,261]
  APH APH (3′) (aphA1) [255]

APH (3′′) [253]
Permeability 
defects

CarO [263-267]
47-kDa OMP [91]
44-kDa OMP [91]
37-kDa OMP [91]

33-36-kDa OMP [269]
22-33-kDa OMP [268]

43-kDa OMP [271]
Lipopolysaccharide [64]

OmpA [274]
Alteration of 
target sites

  Change of 
  PBP

PBP2 [276]

  DNA gyrase GyrA/ParC [237]
  Ribosomal
  protection

TetM [280]

  Dihydrofolate Dfr or Dhfr [17,281]
  reductase FolA [281]
  16S rRNA
  methylation

ArmA [253,258,282-286]

TEM: Temoneira; SHV: Sulfhydryl variable; CTX-M: Cefotaxime hydrolyz-
ing capabilities; GES: Guiana extended-spectrum; SCO: Self-transferable 
plasmid from E. coli; PER: Pseudomonas extended resistant; VEB: Viet-
nam extended-spectrum β-lactamase; CARB: Carbenicillin hydrolyzing 
β-lactamase; KPC: K. pneumoniae carbapenemase; VIM: Verona integron-
encoded metallo-β-lactamase; IMP: Imipenemase; SIM: Seoul imipen-
emase; NDM: New Deli metallo-β-lactamase; AmpC: Ampicillin class C 
β-lactamase; CHDL: Carbapenem-hydrolyzing class D β-lactamase; OXA: 
Oxacillinase; RND: Resistance-nodulation-division; MFS: Major facilita-
tor superfamily; MATE: Multidrug and toxic compound extrusion; SMR: 
Small multidrug resistance; Ade: A. baumannii multidrug-resistant efflux 
pump; TetA: Tetracycline resistant Acinetobacter; CmlA: Chloramphenicol 
resistance Acinetobacter; MdfA: Multidrug facilitator; CraA: Chloramphen-
icol resistance Acinetobacter; Amva: A. baumannii Methyl Viologen and 
antimicrobial resistance protein; AbeM: A. baumannii efflux pump of MATE 
family; AbeS: A. baumannii efflux pump of SMR family; AME: Aminogly-
coside-modifying enzyme; AAC: Aminoglycoside acetyltransferases; ANT: 
Aminoglycoside adenyltransferases; APH: Aminoglycoside phosphotrans-
ferases; CarO: Carbapenem-associated outer membrane protein; OMP: 
Outer membrane protein; PBP: Penicillin binding protein; GyrA/ParC: 
DNA Gyrase/partitioning of the nucleoid partition; Dhfr: Dihydrofolate 
reductase; FolA: Folate; ArmA: Armillaria mellea.
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level ceftazidime resistance[159,160]. ISAba1-like sequences 
have been identified immediately upstream of  the blaampC 
gene in ceftazidime-resistant A. baumannii isolates but 
have been shown to be absent in ceftazidime-susceptible 
A. baumannii isolates[157].

Class D β-lactamases were designated OXAs in refer-
ence to their preferred substrate oxacillin[161]. Some OXAs 
are also able to hydrolyze extended-spectrum cephalospo-
rins, and some can even inactivate carbapenems by acting 
as carbapenemases[66]. At least 121 different variants of  
class D β-lactamases have been identified at the protein 
level, and in contrast to other class D β-lactamases, 45 
of  these variants exhibit carbapenem-hydrolyzing activi-
ties[162]. The blaoxa genes can be located either on a chro-
mosome or a plasmid and can sometimes be found in 
integrons[163,164]. Among the four classes of  β-lactamases, 
MBLs and CHDLs are the two main groups of  carbapen-
emases in A. baumannii, the latter of  which is responsible 
for the most common type of  carbapenem resistance 
via enzymatic degradation[165]. Currently, nine major sub-
groups of  OXA carbapenemases have been identified 
based on amino acid homologies[166]. Four subgroups of  
OXA with carbapenemase activity, including the OXA-23, 
OXA-40/24, OXA-51 and OXA-58 clusters, are prevalent 
in A. baumannii[162,166].

New OXA-type carbapenemases have been frequently 
discovered since the first clinical isolate of  A. baumannii 
with OXA-23 was characterized[66]. The blaOXA-23 carbapen-
emase gene has also been disseminated worldwide[167]. The 
countries that have reported A. baumannii with OXA-23 
carbapenemase include France[168-170], Germany[171], Bul-
garia[172], Romania[173], the United States[105], Colombia[174], 
Brazil[175], Australia[176], Taiwan[177,178], China[92,179], Korea[180], 
Singapore[147,181], Italy[182] and Spain[183]. A. radioresistens has 
been proposed as a silent source of  blaOXA-23 for A. bau-
mannii[184], and a novel variant, named blaOXA-133, has been 
reported by the Asia-Pacific SENTRY surveillance pro-
gram[185].

OXA-51/69-like β-lactamases are intrinsic chro-
mosomal enzymes in A. baumannii[166,186] that emerged 
as a new subgroup of  carbapenemases in MDRAB in 
2004[187] and that show increased carbapenemase activity 
when ISAba1 is upstream of  the promoter region[188,189]. 
However, drug export by an efflux pump might be more 
important in some clinical isolates[190]. A comparative ge-
nomics study by Adams et al[105] showed that the studied A. 
baumannii strains, including wild-type strains and clinical 
isolates of  MDRAB, all possessed genes belonging to the 
OXA-51 group. The recently identified OXA-51 group of  
β-lactamases comprises a novel cluster among the OXA-
type carbapenemases, and the cluster includes many vari-
ant oxacillinases that have been reported in several studies, 
including those by Heriter in 2005[186], Brown in 2005[191], 
Turton in 2006[192], Vahaboglu in 2006[193], Koh in 2007[147], 
Evans in 2007[194], Naas in 2007[122], Tsakris in 2007[195] and 
Higgins in 2009[196]. The CHDLs that have been found are 
listed in Table 1.  

The OXA-40/OXA-24 CHDL group is made up of  
OXA-25, OXA-26, OXA-40, and OXA-72 (an original 

sequencing error occurred in sequencing OXA-24; it is 
now known as OXA-40)[166]. These enzymes only differ 
by a few amino acid substitutions. OXA-40/OXA-24 
was originally identified as chromosomally encoded in a 
carbapenem-resistant A. baumannii isolate recovered from 
Spain[197]. OXA-25, OXA-26, and OXA-27 were later 
characterized to be associated with carbapenem resistance 
in clinical isolates of  A. baumannii from Spain, Belgium 
and Singapore[198]. Thereafter, the OXA-40/OXA-24 gene 
in A. baumannii was reported in several areas[199], including 
Spain[188,200,201], Portugal[202] and the United States[203]. The 
plasmid-mediated blaOXA-24 gene was noted in the isolates 
from an outbreak in Spain[204]. Additionally, OXA-72 has 
been identified in A. baumannii isolates from Taiwan[205], 
China[92] and Croatia[206]. 

OXA-58 was first identified from an isolate of  
MDRAB in France[207]. The blaOXA-58 gene was found to 
be plasmid borne. Many OXA-58-producing A. baumannii 
isolates were reported worldwide in subsequent years, in-
cluding isolates in Europe[208-211], Argentina[208], Kuwait[208], 
the United Kingdom[208], Australia[212], Taiwan[116], the Unit-
ed States[213,214] and China[215]. A number of  outbreaks have 
also been reported in many countries, including Italy[216], 
Belgium[79], France[217], Turkey[193], Greece[218,219], and the 
United States[214]. OXA58 can lead to high-level carbap-
enem resistance in A. baumannii via the upstream IS1008 
insertion[116] or the presence of  the ISAba825-ISAba3-like 
hybrid promoter[118]. OXA-97 is a point mutation variant 
of  OXA-58 that shares the same hydrolytic properties and 
has been recently identified in A. baumannii isolates from 
Tunisia[220]. Another point mutation derivative is OXA-96, 
which was identified in A. baumannii from Singapore[147].

In 2009, a novel CHDL, OXA-143, was identified 
that shares 88% amino acid identity with OXA-40, 63% 
identity with OXA-23, and 52% identity with OXA-58[196]. 
Another novel oxacillinase, OXA-182, was identified in 
imipenem-nonsusceptible Acinetobacter isolates in Korea[221] 
and showed 93% identity with OXA-143 and 89% identity 
with OXA-40 based on amino acid sequence alignment. 
OXA-235, and the amino acid variants OXA-236 and 
OXA-237, were identified from A. baumannii isolates from 
the United States and Mexico[222]. The deduced amino 
acid sequences shared an 85% identity with OXA-134, 54 
to 57% identities with the acquired OXA-23, OXA-24, 
OXA-58, and OXA-143, and a 56% identity with the 
intrinsic OXA-51. Thus, OXA-235, OXA-236 and 
OXA-237 represent a novel subclass of  OXAs. The ex-
pression of  OXA-235 in A. baumannii leads to reduced 
carbapenem susceptibility, while the cephalosporin mini-
mal inhibition concentrations (MICs) are unaffected.

Multidrug efflux pumps 
While multidrug-resistant efflux pumps have been shown 
to have roles in bacterial pathogenicity[223], the contribu-
tion of  efflux pumps to bacterial multidrug resistance 
is often reported[224,225]. Efflux-based mechanisms are 
responsible for resistance against many different classes 
of  antibiotics, including tigecycline resistance[226,227] or 
imipenem resistance[190] in A. baumannii. Furthermore, the 
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linear relationship between the log-transformed expres-
sion values of  the AdeABC efflux pump genes and the 
log-transformed MIC values is statistically significant, 
indicating that overexpression of  the AdeABC efflux 
pump is a prevalent mechanism for decreased susceptibil-
ity to tigecycline[228]. The importance of  efflux pumps in 
multidrug resistance in A. baumannii is supported by the 
fact that the presence of  efflux pump inhibitors, such as 
1-(1-naphthylmethyl)-piperazine[229,230], phenyl-arginine-β-
naphthylamide[231,232], or carbonyl cyanide 3-chlorophenyl-
hydrazone[232], can reverse the resistance pattern.

Four categories of  efflux pumps, including the 
resistance-nodulation-division (RND) superfamily, the 
major facilitator superfamily (MFS), the multidrug and 
toxic compound extrusion (MATE) family and the small 
multidrug resistance (SMR) family transporters, have 
been reported to be related to antimicrobial resistance in 
A. baumannii[233,234]. Of  these different pumps, the RND 
and MFS transporters are mentioned most often. Ad-
eABC, a RND-type efflux pump with a three-component 
structure, is not only associated with aminoglycoside re-
sistance[235] but is also associated with decreasing suscep-
tibility to several antimicrobials, including tigecycline[226]. 
Differences in the expression of  adeABC were shown 
to contribute to both inter- and intra-clone variation in 
tigecycline MICs in a study of  A. baumannii epidemic 
clones[236]. Both the increase in tigecycline resistance dur-
ing therapy[236] and the decrease in susceptibility to non-
fluoroquinolone antibiotics during an outbreak[237] are 
mediated by the up-regulation of  AdeABC in A. bauman-
nii. The AdeABC pump in wild A. baumannii is cryptic 
due to stringent control by the AdeRS two-component 
system[238]. Point mutations in AdeS and AdeR or a 
truncation of  AdeS due to an ISAba1 insertion may be 
related to the overexpression of  AdeABC, which leads 
to multidrug resistance[238,239]. However, the existence of  
tigecycline-nonsusceptible and adeB-overexpressing A. 
baumannii clinical isolates without known adeRS muta-
tions[240] and the low expression of  adeABC in a clinical 
strain of  A. baumannii with the ISAba1 insertion in the 
adeRS operon[239] suggest that the regulation of  adeABC 
gene expression is complex. Additionally, the cell density-
dependent expression of  adeB suggests the presence of  
global regulatory mechanisms for the expression of  this 
gene in A. baumannii[241]. BaeSR, which functions as an 
envelope stress response system to external stimuli, is 
proposed to influence the transcription of  adeAB and 
thus tigecycline susceptibility in A. baumannii by function-
ing as a regulator of  global transcription[242].

In addition to the AdeABC efflux pump, the inac-
tivation of  other RND-type efflux pumps, including 
AdeFGH[243] and AdeIJK[232,244,245], demonstrates their 
contribution to multidrug resistance in A. baumannii. 
The AdeABC and AdeIJK efflux systems can contribute 
synergistically to tigecycline resistance[244]. An open read-
ing frame encoding a LysR-type transcriptional regulator, 
named adeL, is located upstream of  the adeFGH operon 
and is responsible for the overexpression of  AdeFGH[243], 
whereas the expression of  AdeIJK in Acinetobacter bau-

mannii is regulated by AdeN, a TetR-Type regulator[246]. 
Although the RND efflux pump AdeDE was initially 
identified in Acinetobacter genomic group 3[247], adeE was 
later found to coexist with adeB in some clinical isolates 
of  A. baumannii[245]. 

A number of  MFS efflux pumps, including TetA[248], 
CmlA[225], MdfA[233], CraA[249] and AmvA[250], that mediate 
resistance to different types of  antibiotics in A. baumannii 
have been characterized. AbeM, a H-coupled pump that 
belongs to the MATE family[251], was reported to be pres-
ent in the clinical isolates of  A. baumannii in several stud-
ies[77,232,245] and to confer resistance to fluoroquinolones 
or imipenem in A. baumannii. A. baumannii with a mutant 
AbeS SMR pump exhibits erythromycin and chloram-
phenicol resistance[252].

Aminoglycoside-modifying enzymes
Aminoglycoside-modifying enzymes (AMEs) are the 
principal mode of  resistance to aminoglycosides. This 
resistance is primarily mediated by three classes of  en-
zymes, including acetyltransferases, adenyltransferases 
and phosphotransferases, that typically reside on trans-
posable elements; these enzymes chemically modify ami-
noglycosides[253]. The coding genes for these enzymes can 
be transferred among different bacterial types through 
plasmids, transposons, integrons, and natural transfor-
mation or transduction[254]. A phenotypic analysis of  
aminoglycoside resistance profiles indicated that many 
isolates could produce a combination of  aminoglycoside-
modifying enzymes[255,256]. The co-carrying of  four AME 
genes, including a novel AME gene aac(6’)-Ib, was report-
ed in a PDRAB strain from China[257]. The identification 
of  MDRAB isolates harboring genes for the blaOXA-23-
like genes, AME (aac(6′)-Ib) and the 16S rRNA methylase 
(armA) implicates AMEs in multidrug resistance[258].

Different types of  AMEs have been reported in A. 
baumannii. Amikacin resistance has been reported to 
be associated with a gene encoding APH(3’)-Ⅵ phos-
photransferase[255]. Furthermore, AME aac(6’)-Iad plays 
an important role in amikacin resistance in Acinetobacter 
spp. in Japan[259]. Of  the 106 MDRAB isolates identified 
in one study, 95% possessed at least one type of  AME, 
including aacA4, aacC1, aacC2, aadB, aadA1, aphA1 and 
aphA6[256]. In another study in Greece, all of  the collected 
A. baumannii strains contained AMEs, which were either 
aac(6’)-Ib or aac(6’)-Ih[260]. Class I integrons containing the 
gene cassettes aacA4-catB8-aadA1, dhfrXII-orfF-aadA2, 
or aacC1-orfP-orfP-orfQ-aadA1 have been proposed to 
be associated with the horizontal transfer of  diversified 
aminoglycoside-resistant genes among clinical isolates of 
A. baumannii[17,256,261]. 

Permeability defects
Porins, which perform multiple functions in membranes, 
are proteins that can form channels to allow the transport 
of  molecules across lipid bilayer membranes[233]. These 
outer membrane proteins not only influence the virulence 
of  A. baumannii, e.g., through Omp38-induced epithelial 
cell apoptosis[59], biofilm formation related to OmpA[262], 
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OmpA-dependent host cell death[263], and attenuated 
virulence by the decreased expression of  genes encoding 
CarO- and OprD-like proteins[263], but also play a signifi-
cant role in the mechanisms of  resistance. For example, 
the loss of  a 29 kDa outer-membrane protein, which was 
later shown to be CarO, contributes to imipenem resis-
tance[263-267]. Several other studies have also identified a 
number of  OMPs involved in the carbapenem resistance 
of  A. baumannii. A reduction in the expression of  two 
porins of  22 and 33 kDa was involved in the carbap-
enem resistance of  A. baumannii strains in an outbreak 
in Spain[268]. In one study, CRAB isolates found in New 
York had reduced expression of  the 47-, 44-, and 37-kDa 
outer-membrane proteins[91], while in other studies, a 33- 
to 36-kDa OMP was also shown to be associated with 
carbapenem resistance in A. baumannii[269,270]. A 43-kDa 
OMP, belonging to the OprD family, has been identified 
as a basic amino acid and imipenem porin through elec-
trophoresis and MALDI-MS analyses[271].

In the presence of  OXA carbapenemases, includ-
ing OXA-51-like or OXA-23-like enzymes, the loss of  
the 29-kDa outer-membrane protein is associated with a 
higher imipenem MIC in A. baumannii[272,273]. Moreover, a 
novel insertion sequence, ISAba10, inserted into ISAba1 
adjacent to the blaOXA-23 gene, can disrupt the outer-
membrane protein gene carO in A. baumannii[180]. The loss 
of  lipopolysaccharide (LPS) from the outer membrane, 
resulting in a decrease in membrane integrity, occurred 
in a colistin-resistant clinical isolate of  A. baumannii in 
Australia[64]. Disruption of  the ompA gene can lead to de-
creases in the MICs of  chloramphenicol, aztreonam, and 
nalidixic acid[274].

Alteration of target sites
Changes in penicillin-binding proteins (PBPs), mutations 
of  DNA gyrase, ribosomal protection by the TetM pro-
tein and the involvement of  dihydrofolate reductase in 
trimethoprim resistance all occur via mechanisms that al-
ter the target sites for antibiotics[275]. Imipenem resistance 
has been associated with the overexpression of  certain 
PBPs with a low affinity for imipenem in the absence 
of  other known resistance mechanisms[276]. While an 
insertion sequence disrupting the gene encoding PBP6b 
has been identified in an endemic carbapenem-resistant 
clone, its role must be further evaluated[277]. Furthermore, 
mutations in DNA gyrase gene gyrA and parC, which 
encode topoisomerase Ⅳ, have been reported in an A. 
baumannii outbreak investigation[237]. The gyrA mutation 
at Ser-83 was shown to be associated with quinolone re-
sistance in epidemiologically unrelated isolates of  A. bau-
mannii[278]. While tetA and tetB genes are well recognized 
for their role in tetracycline resistance in A. baumannii 
through efflux pumps[225,279], tetM is proposed to be an-
other resistance mechanism that acts through ribosomal 
protection[280]. Trimethoprim resistance through dihydro-
folate reductase in A. baumannii is similar to that of  other 
bacteria. Plasmids containing folA genes and integrons 
harboring dfr or dhfr genes in A. baumannii have been 
found[17,279,281]. Recently, the coexistence of  the 16S rRNA 

methylase armA gene and genes encoding OXA carbap-
enemases were reported in many countries, including 
China[282], South Korea[253,283], India[284], Italy[285], Japan[286], 
and Yemen[258], indicating the contribution of  the armA 
gene to the multidrug resistance of  MDRAB.

Roles of integrons
The horizontal transfer of  resistance genes is a success-
ful mechanism for the transmission and dissemination 
of  multiple drug resistance determinants among bacte-
rial pathogens[287]. Integrons, which are located on either 
bacterial chromosomes or plasmids, are assembly plat-
forms that incorporate exogenous ORFs by site-specific 
recombination and convert them to functional genes 
by ensuring their correct expression[288]. Integrons share 
common features: a gene encoding an integrase, a specific 
recombination site that is recognized by the integrase and 
into which the cassettes are inserted, and a promoter that 
directs the transcription of  the cassette-encoded genes. 
Currently, there are four classes of  integrons, and class 1 
integrons are the most common in bacteria[289].

The role of  integrons in the development of  multi-
drug resistance relies on their unique capacity to cluster 
and express drug resistance genes[287]. Many studies re-
garding integrons harboring different types of  resistance 
genes have been reported worldwide in recent decades. 
Class Ⅰ integrons were detected in 52.8% of A. bau-
mannii strains in the Nanjing area of  China in 2007[290], 
whereas an epidemic, class 1 integron-carrying MDRAB 
clone was found to be widespread in Taiwan in the same 
year[291]. Four different integron structures were detected 
in 84% of  all collected isolates of  A. baumannii in a 
Spanish study[255]. However, while no clear antibiogram 
differences could be associated with the presence or ab-
sence of  integron structures in the Spanish study, other 
reports have suggested that integrons play a major role 
in multidrug resistance in A. baumannii[261,291,292]. Addition-
ally, epidemic strains of  A. baumannii have been found to 
contain significantly more integrons than non-epidemic 
strains[293]. Therefore, integrons are regarded as useful 
markers for epidemic strains of  A. baumannii, and their 
typing can provide valuable information for epidemio-
logical studies[294,295].

A study performed in Italy found that 44% of  the 
epidemiologically unrelated A. baumannii isolates collected 
over an 11-year period were integron-positive[296]. Most in-
tegron-positive strains carried the same array of  cassettes, 
despite their notable genetic diversity that was identified 
through a ribotyping analysis, implying that horizontal 
transfer of  the entire integron structure or an ancient ac-
quisition occurred. Additionally, while the same integron 
can be present in unrelated strains[17], related strains can 
also have different integrons[297]. 

Although different relationships exist among different 
classes of  antibiotics and integrons[298,299], most studies 
have emphasized the association of  integrons with cas-
sette genes and aminoglycoside resistance[261]. The diver-
sity of  the genes encoding AMEs and their association 
with class 1 integrons was observed in a study involving 
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three pan-European clones of  A. baumannii[256]. Six dif-
ferent class 1 integron variable regions were detected in 
74% of  the collected strains. Furthermore, Huang et al[291] 
collected 283 MDRAB isolates from three medical cen-
ters in Taiwan from 1996 to 2004 and found seven types 
of  gene cassettes, most of  which contained AMEs, in-
cluding aacA4, aacC1, aac(6’)-II, aadA1, aadA2, aadA4 and 
aadDA1.

Variable CHDL genes, including blaOXA-3
[292], bla-

OXA-10
[96,290], blaOXA-20

[19,292,296], blaOXA-21
[297], and blaOXA-37, have 

been reported in integrons[164,297]. Integron-associated 
imipenem resistance in A. baumannii has also been docu-
mented[300]. Genes encoding carbapenemases, such as 
MBLs blaVIM, blaIMP and blaSIM, have been found in inte-
grons. blaVIM-1-carrying integrons[140] and blaVIM-2-carrying 
integrons[139] have been noted in Greece and Korea, re-
spectively. In Taiwan, integron-mediated gene spreading 
has been demonstrated hospitals[301], especially in a unit 
with high antibiotic selective pressure[302]. blaVIM-11-carrying 
integrons have also been identified in MDRAB isolates, 
and this MBL gene has been postulated to spread among 
Pseudomonas aeruginosa and A. baumannii strains[143,291]. 
Other reported MBLs include blaIMP-1

[303], blaIMP-2
[145], 

blaIMP-4
[146,147], blaIMP-5

[148], blaIMP-8
[291] and blaSIM-1

[151]. The 
genes for chloramphenicol resistance in the integrons of  
A. baumannii are catB2[135], catB3[146,147,151] and catB8[294,304]. 

CLINICAL IMPACT OF ANTIMICROBIAL 
RESISTANCE
The clinical impact of  A. baumannii infections has been 
a matter of  debate[2]. A high mortality rate in immuno-
compromised hosts with A. baumannii infections had 
been attributed to the patients’ underlying diseases rather 
than to the infections. One Spanish study concluded that 
there were no differences in mortality among patients 
with ventilator-associated pneumonia (VAP) caused by 
imipenem-resistant or imipenem-susceptible A. baumannii 
or by other pathogens[305]. However, other related studies 
suggest that A. baumannii infection itself  has a profound 
influence on high mortality or prolonged length of  stay 
(LOS)[306]. Falagas suggested that the mortality attributed 
to A. baumannii infections should no longer be a contro-
versial issue[307] based on six relevant case-control stud-
ies[308-313]. 

Several previous surveillance[314-317] studies have dem-
onstrated that increasing antimicrobial resistance, espe-
cially multidrug resistance, has become a major issue in A. 
baumannii strains in recent years. Whether multidrug resis-
tance is a risk factor for high mortality in A. baumannii in-
fections has been a controversial issue. A few studies sug-
gested that MDRAB-related pneumonia or bacteremia is 
a signal of  disease severity and is not related to prolonged 
LOS or increased mortality[318,319], but more recent studies 
have shown that MDRAB infections lead to higher mor-
tality. The acquisition of  MDRAB was shown to be an 
independent risk factor for mortality in a burn center in 
Singapore[320]. A multicenter retrospective study in Taiwan 

also showed that patients with CRAB infections have a 
higher mortality rate than those with carbapenem-suscep-
tible A. baumannii infections[321], which is consistent with 
the results of  several previous studies[309-311,313,322]. The 
high impact of  imipenem resistance on the mortality rate 
of  patients with Acinetobacter bacteremia is chiefly attrib-
utable to discordant antimicrobial therapy[311]. Moreover, 
patients with MDRAB infections have increased hospital 
and ICU LOS compared to patients with susceptible A. 
baumannii infections and uninfected patients[308]. A mini 
review of  this issue indicated that blood stream infections 
and nosocomial ICU infections caused by carbapenem-
resistant Acinetobacter spp. are associated with increased 
rates of  mortality, whereas other types of  infections have 
not clearly been shown to be associated with higher mor-
tality rates but are associated with increased LOSs and 
hospital costs[323]. 

STRATEGIES TO COMBAT THE 
DISSEMINATION OF ANTIMICROBIAL 
RESISTANCE
The development of  new antibiotics against MDRAB 
and the implementation of  infection control measures 
are regarded as two methods to aid in controlling the 
increasing problem of  A. baumannii infections[307]. When 
GlaxoSmithKline shared the challenges and difficulties 
in screening for new classes of  antimicrobial agents over 
a 7-year period, the authors concluded that the pipeline 
of  novel-mechanism antibacterials is still empty and will 
remain so for a considerable period[324]. Therefore, the im-
portance of  following the Association of  Professionals in 
Infection Control and Epidemiology’s (APIC) 2010 guide 
to the elimination of  MDRAB transmission in health care 
settings cannot be overemphasized[325]. This guide includes 
MDRAB risk assessment and infection surveillance, strict 
adherence to hand hygiene protocols, implementation of  
standard and transmission-based precautions, environ-
mental decontamination, outbreak recognition and con-
trol, and antibiotic stewardship. 

Gastrointestinal or skin colonization of  A. baumannii 
develops soon after the pathogen is first isolated from a 
clinical site[326]. The finding of  multidrug-resistant colo-
nized strains compared with susceptible clinical strains 
without apparent relation to antibiotic use implies that a 
new onset of  MDRAB colonization may not be identified 
without surveillance. Additionally, the increasing occur-
rence of  multidrug-resistant strains among seriously ill 
patients emphasizes the importance of  continued surveil-
lance as a critical component of  any program aimed at 
preventing and controlling antimicrobial resistance[315]. 
Environmental contamination, airborne transmission, 
patient transfer, and cross-contamination are regarded 
as key factors in causing A. baumannii epidemics[327], and 
clonal expansion has been shown to play a major role in 
the increase of  MDRAB in hospitals[328]. Therefore, bar-
rier infection control measures are necessary to prevent 
the nosocomial spread of  MDRAB[326]. One outbreak 
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reported in an ICU in a Greek hospital ceased after the 
implementation of  hygienic measures, complete cleaning 
and complete disinfection in the ICU[329]. However, cross-
infection with A. baumannii among patients still occurred, 
despite the implementation of  stringent infection control 
measures, in a previously reported outbreak; thus, tem-
porary closure of  the surgical ward for disinfection was 
necessary to control the outbreak[330].

Environmental contamination plays an important 
role in the transmission of  MDRAB. One outbreak in-
vestigation found that the affected patients had a higher 
risk of  harboring A. baumannii after blood transfusion, 
hydrotherapy or extended use of  a respirator, which was 
possible through the contamination of  healthcare person-
nel and the environment. Another A. baumannii outbreak 
investigation in a surgical ICU at a teaching hospital in 
Taiwan showed extensive amounts of  environmental con-
tamination, including the contamination of  bed rails, bed-
side tables, sinks, ventilator and infusion pump surfaces, 
and water for nasogastric feeding and ventilator rinsing. 
Hence, intensified infection prevention control (IPC) 
measures are needed to terminate an outbreak. The IPC 
measures include: (1) implementation of  enhanced con-
tact isolation precautions; (2) active surveillance cultures; 
(3) daily environmental cleaning with detergents and 
phenolic agents; (4) an up-to-date education program for 
all healthcare workers; and (5) delivery of  real-time feed-
back to healthcare workers regarding IPC compliance[331], 
which has minimized the spread of  colistin-resistant A. 
baumannii. Furthermore, the infection control bundle re-
sulted in a significant reduction in the incidence of  noso-
comial A. baumannii in one burn unit and prevented fur-
ther outbreaks of  this organism, with an 88.8% decrease 
during the intervention period[332].

Imipenem has been proven to be a strong inducer of  
multidrug resistance in A. baumannii[333]. Many A. bauman-
nii isolates exhibit imipenem resistance, which is strongly 
associated with the prior use of  carbapenems[334]. Because 
of  the high mortality rate associated with A. bauman-

nii infection, strategies to slow down the emergence of  
MDRAB in clinical practice by optimizing antimicrobial 
therapy are necessary. Therefore, antimicrobial steward-
ship is mandatory in an infection prevention program to 
prevent the emergence and transmission of  MDRAB in 
health care facilities[325].

ANTIMICROBIAL THERAPY  
Carbapenems, including imipenem or meropenem, have 
been regarded as effective antimicrobial agents to treat A. 
baumannii infections[314,335]. With many studies reporting 
increasingly high rates of  CRAB in clinical isolates[75,76,90], 
other classes of  antibiotics or combination therapies are 
urgently needed. Because the choices of  antimicrobial 
treatment for MDRAB are severely limited by resistance, 
there are only a few effective options available, including 
polymyxins and tigecyclines[336]. Furthermore, the appear-
ance of  PDRAB, which is resistant to all available anti-
biotics, including polymyxin, implies that more efforts 
should be devoted to investigating the treatment options 
for this superbug[27]. Combination therapies with imipe-
nem/sulbactam, colistin/rifampicin, colistin/sulbactam, 
colistin/tigecycline, colistin/imipenem or meropenem 
and colistin/teicoplanin have been studied and proposed 
as possible choices. The recently published reports on the 
treatment of  MDRAB are summarized in Table 2. 

Sulbactam
While ampicillin/sulbactam has been shown to be ef-
fective in treating blood stream infections caused by 
MDRAB[337], a later meta-analysis revealed that sulbac-
tam-based therapy is not superior to other therapeutic 
approaches, including colistin, cephalosporins, anti-
pseudomonas penicillins, fluoroquinolones, minocycline/
doxycycline, aminoglycosides, tigecycline, polymyxin, imi-
penem/cilastatin, and combination therapies[338]. Although 
sulbactam-based therapy failed to prove its superiority 
to other regimens for the treatment of  A. baumannii in-
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  Regimen Pathogen Diseases Outcome1 Comparator Ref.

  CST + RIF XDRAB HAP
VAP
BSI
cIAI

The same in
 CR (mortality) Better in MR 

CST [367]

  CST + RIF CRAB VAP The same in CR + MR CST [366]
  CST + IPM XDRAB BSI Better in CR (mortality) + MR CST [369]
  CST + SAM
  CST + others
  CST + SUL MDRAB VAP The same in CR + MR CST [341]
  TGC based MDRAB Pneumonia Higher mortality CST based [349]
  TGC based MDRAB HAIs The same in mortality2 Better in MR IPM + SAM [352]
  CT MDRAB Infections The same in mortality MT [374]

Table 2  Antimicrobial treatment for MDRAB infections

1“The same” means no significant difference between comparator groups, and “Better” means a significant difference exists between comparator groups;  
2Has a statistically significant favorable outcome. MDRAB: Multidrug-resistant A. baumannii; CST: Colistin; IPM: Imipenem; RIF: Rifampicin; SUL: Sulbactam; 
SAM: Ampicillin/sulbactam; TGC: Tigecycline; HAP: Hospital-associated pneumonia; VAP: Ventilator-associated pneumonia; BSI: Blood stream infection; 
cIAI: Complicated intra-abdominal infection; HAIs: Healthcare-associated infections; CR: Clinical response; MR: Microbiological response; CT: Combination 
therapy; MT: Monotherapy.
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fections, a case of  skin and soft tissue infection caused 
by CRAB that was treated successfully with ampicil-
lin/sulbactam and meropenem combination[339] raises the 
possibility of  ampicillin/sulbactam as a component of  
combination therapy against CRAB. The combination 
of  ampicillin/sulbactam with a carbapenem for treating 
MDRAB bacteremia has been shown to be associated 
with a better outcome[340], but such beneficial effects were 
not observed for MDRAB VAP[341].

Tigecycline-based therapy
In 2004, tigecycline was reported to have a good in vitro 
bacteriostatic effect against A. baumannii, including strains 
resistant to imipenem[342]. Another in vitro study using a 
time-kill assay demonstrated the potential role of  tigecy-
cline in the treatment of  A. baumannii and proposed that 
doxycycline could be a suitable and cost-effective option 
in some instances[343]. Tigecycline efficacy was shown to 
correlate well with the free concentration-time curve of  
MIC in a murine Acinetobacter spp. model[344]. Additionally, 
several cases affiliated with severe infections by MDRAB 
were successfully treated with tigecycline in terms of  
their clinical and microbiological outcomes[345].

With its increasing use, the limitations and adverse 
aspects of  tigecycline in treating MDRAB infections 
have begun to be realized. Tigecycline was less effective 
than imipenem in the treatment of  pneumonia caused 
by non-IRAB strains in a murine pneumonia model[346]. 
In a study consisting of  34 patients with MDRAB infec-
tions, the mortality rate reached up to 41%. The authors 
found that the correlation of  clinical and microbiological 
outcomes was poor and concluded that tigecycline had 
excellent in vitro activity against MDRAB, but its clinical 
efficacy was still uncertain[336]. One of  the possible causes 
for the discrepancy of  treatment outcomes may be vari-
able tigecycline MICs. MIC determination for tigecycline 
before treatment, with the broth dilution method being 
favored[347], might increase clinical success[345]. A. bauman-
nii isolates with tigecycline MICs of  ≥ 2 mg/L were as-
sociated with higher mortality rates; thus, treatment with 
β-lactams or carbapenems instead of  with tigecycline 
is preferred[348]. This notion was further supported in a 
matched cohort study in Taiwan that dealt with the effec-
tiveness of  tigecycline-based versus colistin-based therapy 
for the treatment of  pneumonia caused by MDRAB[349]. 
The excess mortality rate of  16.7% in the tigecycline-
based group compared with the colistin-based group was 
mostly attributed to subjects with MIC > 2 μg/mL. 

In a meta-analysis of  the efficacy and safety of  tige-
cycline, clinical failure, superinfection and adverse events 
were more frequent with the use of  tigecycline[350]. The 
authors suggested that physicians should avoid tigecy-
cline monotherapy for the treatment of  severe infections 
caused by MDRAB and that they should use it as a last-
resort antibiotic. There was no antagonism found when 
tigecycline was used with other antimicrobials possessing 
activities against Gram-negative bacteria[351]. However, 
tigecycline-based therapy for MDRAB infections is not 
satisfactory. In a study of  266 patients with healthcare-

associated MDRAB infections, the mortality rate was not 
significantly different between those receiving tigecycline-
based therapy and those receiving non-tigecycline thera-
py[352].

While tigecycline has an expanded spectrum of  
antibacterial activity and a synergic effect with some 
classes of  antibiotics, such as amikacin[353], earlier stud-
ies have shown that tigecycline resistance in A. baumannii 
has emerged[354] and is associated with multidrug ef-
flux systems, especially overexpression of  the adeABC 
pump[226,227]. The increased expression of  the adeABC 
operon can be found in clinical isolates of  A. baumannii 
post-tigecycline therapy[236,355]. High resistance rates and 
high MICs of  tigecycline in multiple clones of  MDRAB 
were noted in a medical center in Israel[356]. This phenom-
enon led to concern regarding the use of  tigecycline as 
one of  the few treatment choices for infections caused by 
MDRAB.

Colistin-based therapy
Colistin has been described as a last resort for the treat-
ment of  MDRAB[357], and this drug is often used in 
combination therapy. In a report on the clonal spread of  
MDRAB in eastern Taiwan, antibiotic susceptibility testing 
showed that 10.4%, 47.8% and 45.5% of  MDRAB iso-
lates were resistant to colistin, rifampicin, and tigecycline, 
respectively, implying that colistin was the only effective 
antimicrobial agent in that area for treating MDRAB[358]. 
In addition to its intravenous injection for MDRAB infec-
tions, colistin can be given via intraventricular and intrathe-
cal routes for meningitis[359] and via nebulization for pneu-
monia[360,361]. 

Unfortunately, colistin-resistant A. baumannii strains 
have been reported all over the world[357] and are at-
tributed to the loss of  lipopolysaccharide[64] or/and 
phosphoethanolamine modification of  lipid A mediated 
by the PmrAB two-component system[362,363]. Because 
colistin monotherapy is unable to curb the appearance 
of  resistance, colistin-based combination therapy might 
be the optimal antimicrobial strategy. Colistin combined 
with different classes of  antibiotics, including tigecycline, 
cefoperazone/sulbactam or piperacillin/tazobactam, re-
vealed synergistic effects in some CRAB strains[364]. Time-
kill assays have also shown that colistin/meropenem, co-
listin/rifampicin, and colistin/minocycline are synergistic 
in vitro against XDRAB strains[365]. The beneficial effects 
of  colistin and rifampicin combination for patients with 
VAP caused by CRAB have been documented in terms 
of  clinical and microbiological outcomes[366]. However, 
another multi-center, randomized clinical trial concluded 
that 30-d mortality was not reduced by the addition of  
rifampicin to colistin in serious XDRAB infections[367]. 
Additionally, such a regimen might be hindered by a high 
level of  rifampicin resistance in A. baumannii[368]. Treat-
ment with combination therapy, including colistin/car-
bapenem and colistin/sulbactam, for XDRAB blood 
stream infections led to higher microbiological eradica-
tion and lower mortality rates in comparison with the 
colistin monotherapy group[369]. The combination therapy 
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of  colistin and tigecycline has also been proposed as a 
reasonable treatment of  choice for XDRAB pneumonia, 
especially in the first 48 h, in a rat lung model[370]. Inter-
estingly, a significant synergy has been observed for the 
combination of  colistin and teicoplanin against MDRAB 
in vitro[371]. Telavancin, a similar lipoglycopeptide of  tei-
coplanin, has been shown to be efficacious in vivo when 
used in colistin combination therapy in a Galleria mellonella 
model of  A. baumannii infection[372].

Other antimicrobial therapies
Doripenem, a novel broad-spectrum carbapenem, has 
displayed in vitro synergistic activity with tigecycline, 
colistin and amikacin against MDRAB strains with 
doripenem resistance[373]. One recent prospective, obser-
vational Spanish study did not support an association of  
combination therapy with reduced mortality in MDRAB 
infections[374]. Overall, the choice of  combination therapy 
should take several key factors into consideration, includ-
ing the antimicrobial resistance phenotype, resistance 
mechanisms, and MIC[375].

FUTURE PERSPECTIVES
One of  the difficulties encountered in understanding the 
antimicrobial resistance mechanisms of  A. baumannii lies 
in the complexity of  the involved genes. A DNA micro-
array, the Check-MDR CT102 microarray, has proven 
useful in detecting TEM, SHV and CTX-M extended-
spectrum β-lactamases and KPC, OXA-48, VIM, IMP, 
and NDM-1 carbapenemases in some Enterobacteriaceae 
and glucose non-fermentative bacteria, including A. bau-
mannii, with 100% sensitivity and specificity for most of  
the tested genes[376]. The detection of  plasmid-mediated 
cephalosporinases, including CMY-2-like, DHA, FOX, 
ACC-1, ACT/MIR and CMY-1-like/MOX, was also pos-
sible using this assay, suggesting that this DNA array is 
a powerful high-throughput tool for most common re-
sistance gene identifications and provides a platform for 
epidemiological or infection-control studies[377].

Bacteria develop resistance to new classes of  antibiot-
ics very quickly, and bacteria may even be resistant to new 
classes of  antibiotics before they are introduced to clini-
cal use[378]. Hence, antimicrobial peptides (AMPs) may be 
another option due to the rare appearance of  resistance 
to AMPs in addition to their antimicrobial and anti-
inflammatory effects[379]. AMPs are an important compo-
nent of  host defenses against invading pathogens[380]. They 
are small, cationic and amphipathic peptides of  variable 
length, sequence and structure. Thus far, more than 750 
different AMPs have been identified in various organ-
isms ranging from plants to animals, including humans, 
most of  which exhibit broad-spectrum activity against a 
wide range of  microorganisms by disrupting the plasma 
membrane and causing cell lysis. Three classes of  AMPs, 
including defensins, cathelicidins, and histatins, have been 
found in humans[379]. The cathelicidin family is currently 
limited to a single gene, CAMP. LL-37, which begins with 

two leucine residues and consists of  37 amino acids, was 
the first mature peptide isolated from CAMP gene prod-
ucts[381].

While only a few studies regarding the use of  AMPs 
in A. baumannii have been reported, AMPs might be a 
potential therapeutic alternative to antibiotics.  This hy-
pothesis is supported by the conclusion reached from a 
study of  an LPS-deficient, colistin-resistant A. bauman-
nii strain, which showed reduced viability even at a low 
concentration of  LL-37[382]. The human antimicrobial 
peptide LL-37 and its fragments KS-30 and KR-20 have 
been shown to have significant antimicrobial activity 
against clinical isolates of  MDRAB, of  which the KS-30 
fragment exhibits the highest bactericidal ability[383]. 
Moreover, the prevention of  biofilm formation in vitro 
by LL-37, KS-30 and KR-20 adds significance to their 
efficacy. We predict that AMPs, specifically LL-37, will 
be promising targets in future research on therapeutics 
against MDRAB infections.

Because marketing a new antimicrobial is extremely 
difficult and because bacteria quickly adapt to so-called 
magic bullets, understanding the interplay between a 
pathogen such as A. baumannii and its hosts may provide 
another possible solution in the war against bacteria. The 
microbes that exist in the human body are collectively 
known as the human microbiota, and this remarkably 
complex and poorly understood group of  communities 
has an enormous impact on humans[384]. The Human 
Microbiome Project, funded by the National Institutes 
of  Health, aims to develop tools and databases for the 
research community to study the role of  these microbes 
in human health and disease. One of  the tasks the NIH 
has set itself  is to develop a catalog of  the microbial ge-
nome sequences of  reference strains[385]. For example, the 
microbiome diversity in the bronchial tracts of  patients 
with chronic obstructive pulmonary disease has been 
documented[386]. More advances in understanding the 
pathogenesis of  A. baumannii using the databases of  the 
Human Microbiome Project can be anticipated.

In conclusion, we hope that this review will aid in 
understanding the relevant studies regarding the antimi-
crobial resistance of  A. baumannii as well as the currently 
available treatment options for the infections that this 
pathogen cause, thereby leading to new strategies to com-
bat A. baumannii.
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Abstract
Follicular contact dermatitis clinically presents as in-
dividual papules that include a central hair follicle. 
Pathologic features involve the follicle and the sur-
rounding dermis: spongiosis and vesicle formation of 
the follicular epithelium associated with perifollicular 
and perivascular lymphocytic inflammation. Using the 
PubMed database, an extensive literature search was 
performed on follicular contact dermatitis and neomy-
cin. Relevant papers were reviewed and the clinical and 
pathologic features, the associated chemicals (including 
a more detailed description of neomycin), the hypoth-
esized pathogenesis, and the management of follicular 
contact dermatitis were described. Several agents-
either as allergens or irritants-have been reported to 
elicit follicular contact dermatitis. Several hypotheses 
have been suggested for the selective involvement of 
the follicles in follicular contact dermatitis: patient al-
lergenicity, characteristics of the agent, vehicle contain-
ing the agent, application of the agent, and external 
factors. The differential diagnosis of follicular contact 
dermatitis includes not only recurrent infundibulofol-
liculitis, but also drug eruption, mite infestation, viral 
infection, and dermatoses that affect hair follicles. The 
primary therapeutic intervention for follicular contact 
dermatitis is withdrawal of the causative agent; treat-
ment with a topical corticosteroid preparation may also 

promote resolution of the dermatitis. In conclusion, fol-
licular contact dermatitis may be secondary to allergens 
or irritants; topical antibiotics, including neomycin, may 
cause this condition. Several factors may account for 
the selective involvement of the hair follicle in this con-
dition. Treatment of the dermatitis requires withdrawal 
of the associated topical agent; in addition, topical 
corticosteroids may be helpful to promote resolution of 
lesions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Follicular contact dermatitis an be elicited 
by several agents and clinically presents as individual 
papules that include a central hair follicle. Pathologic 
features involve the follicle and the surrounding der-
mis. Hypotheses for the selective involvement of the 
follicles include patient allergenicity, characteristics of 
the agent, vehicle containing the agent, application of 
the agent, and external factors. The differential diag-
nosis includes dermatoses that affect hair follicles, drug 
eruption, infundibulofolliculitis, mite infestation and 
viral infection. Treatment with a topical corticosteroid 
preparation and/or withdrawal of the causative agent 
are therapeutic interventions for follicular contact der-
matitis.
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ology. Follicular contact dermatitis is a variant of  contact 
dermatitis that has been observed in individuals second-
ary to incidental exposure or patch testing to the eliciting 
agent. The allergens and irritants that have previously 
been reported to cause follicular contact dermatitis are 
summarized and neomycin-associated follicular contact 
dermatitis is emphasized.

CLINICAL MORPHOLOGY AND 

SYMPTOMS OF FOLLICULAR CONTACT 

DERMATITIS
Follicular contact dermatitis is usually characterized by 
individual papules that include a central hair follicle. 
However, prominent hairs within the papules may not be 
readily visible when the lesions surround vellus hairs[1]. 
The papular lesions are frequently pruritic and occasion-
ally painful or burning. The individual lesions have also 
been described as poral[2,3] or acneiform[1]. In addition, 
the clinical spectrum of  follicular contact dermatitis also 
includes follicular-based pustules[3]. 

PATHOLOGY OF FOLLICULAR CONTACT 

DERMATITIS
Microscopic examination of  the perifollicular papule is 
similar, regardless of  the eliciting contactant. The patho-
logic changes involve the follicle and the surrounding 
dermis. There is often spongiosis and vesicle formation 
of  the follicular epithelium or the eccrine sweat ducts 
or both. In the dermis, predominantly lymphocytic in-
flammation is noted around the periadnexal vessels, the 
follicle and/or the eccrine pore. Importantly, the epithe-
lium adjacent to the follicle or pore is normal in appear-
ance[1-12].

ALLERGIC CONTACT DERMATITIS AND 

TOPICAL ANTIBIOTICS
Allergic contact dermatitis to topical antibiotics is a 
relatively common phenomenon. The North American 
Contact Dermatitis Group reported that among patients 
referred for patch testing, during 1985 to 2004, the preva-
lence of  allergic contact dermatitis to neomycin ranged 
from 7.2 to 13.1 percent[13]. 

Allergic contact dermatitis to topical antibiotics is 
most commonly observed in certain at-risk populations. 
These include patients with chronic eczematous derma-
toses (such as atopy and stasis dermatitis), chronic otitis 
externa, chronic venous insufficiency, and post operative 
or post traumatic wounds. In addition, an occupational 
risk to develop allergic contact dermatitis to antibiotics 
occurs more frequently in those individuals who handle 
them regularly, such as farmers, health care workers, 
pharmaceutical employees, and veterinary surgeons[13].

CHEMICALS CAPABLE OF ELICITING 
FOLLICULAR CONTACT DERMATITIS
Several chemicals, including topical antibiotics, have been 
described in either individual reports or larger studies to 
elicit follicular contact dermatitis. The agents associated 
with the development of  follicular contact dermatitis can 
be allergens (Table 1)[1-10,14-21] or irritants (Table 2)[4,5,11,22-28]. 
Several metals have been associated with follicular patch 
test reactions: chromium, cobalt, copper, fluoride, and 
nickel[3,29]. Allergic and non-allergic development of  fol-
licular contact dermatitis has also been observed following 
exposure to tocopheryl linoleate, a vitamin E derivative[4,5]. 

Neomycin-associated follicular contact dermatitis
Neomycin-drug characteristics: Neomycin is pro-
duced by the growth of  Streptomyces fradiae. It is an 
aminoglycoside antibiotic. Its efficacy as an antimicrobial 
is based upon the drug’s ability to irreversibly bind to the 
30S ribosomal RNA subunits and inhibit bacterial protein 
synthesis[13,30-32]. 

Neomycin can be used as a topical antibiotic and has 
activity against many aerobic Gram-negative organisms 
(except Pseudomonas aeruginosa). It is also effective 
against some aerobic Gram-positive bacteria including 
Staphylococci. However it is not effective against Strep-
tococci[13,30-32]. 

Neomycin is usually formulated commercially as 20% 
neomycin sulfate in a petrolatum vehicle. However, it is 
often combined with other topical antibiotics such as 
bacitracin zinc and polymyxin B sulfate. This is done to 
expand the antimicrobial coverage[13,30-32].

Neomycin-clinical presentation: The woman in Fig-
ures 1-4 developed follicular contact dermatitis to an an-
tibiotic ointment that contained neomycin sulfate in com-
bination with bacitracin zinc and polymyxin B sulfate. 
Indeed, individual hair follicules were observed in the 
center of  the papular lesions (Figure 4). Allergic contact 
dermatitis has been reported to all three components of  
this antibiotic[33-35]. However, follicular contact dermatitis 
has only been described in association with neomycin.

Neomycin-prior observations: Allergic contact der-
matitis to neomycin was initially reported in 1952[36]. Six 
years later, in 1958, Epstein[9] described contact dermatitis 
to neomycin as “…an aggravation or “irritation” of  a pre-
existing dermatitis…” and not the obvious picture of  an 
acute contact dermatitis. He considered it to represent a 
dermal contact sensitivity reaction[9]. The lesions elicited 
by patch testing clinically presented as papules and his-
tologically demonstrated an intact epidermis with patho-
logic changes in the dermis[9]. 

Subsequently, Jillson et al[7] reported contact dermatitis 
to neomycin in 10 patients with atopic dermatitis. One 
of  the patients, a 50-year-old woman had an eczematous 
dermatitis of  her left flexor arm for which prior treat-
ment with neomycin ointment had irritated the dermati-
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tis[7]. Patch testing to neomycin ointment “…was charac-
terized by multiple small (papules of) eczematous areas 
rather than a confluent eczematous plaque[7]”.

The patient in Figures 1-4 developed allergic contact 
dermatitis to neomycin. Her initial lesions were perifol-
licular papules. Some of  these subsequently developed 
into confluent plaques.

PATHOGENESIS OF FOLLICULAR 

CONTACT DERMATITIS
Several hypotheses have been suggested for the selective 
involvement of  the follicles in follicular contact derma-
titis in contrast to the diffuse clinical changes more fre-

quently observed in allergic or irritant contact dermatitis. 
These include direct penetration of  the stratum corneum 
by the agent via the pilosebaceous apparatus, hapten con-
jugation of  the agent to a substance only present in the 
infundibular region, or both[6]. Other factors may also in-
fluence the development of  follicular contact dermatitis.

Patient allergenicity
Previously individuals with atopy were considered less 
likely to be susceptible to allergic contact dermatitis. 
However, several subsequent studies have demonstrated 
that atopic patients not only develop contact dermatitis 
to metals[37], but also more commonly develop follicular 
contact dermatitis[38,39]. Hence, the patient’s diathesis to 
allergens may influence whether they develop follicular 
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  Agent Comment  Ref.

  Ammonium fluoride A farm helper who sprayed trees with chemical and had an exudative dermatitis and a postal employee with right 
foot and bilateral popliteal dermatitis; patch test showed folliculoporal reaction

[2]

  Chromium trioxide A shoe-shiner with severe hand dermatitis, a plasterer who worked with cement (after a cast had been applied to his 
hand to treat a fracture), and an electrician with chronic dermatitis flared when he drilled through aluminum coated 

with zinc chromate primer; all had a folliculoporal patch testing reaction 

[2]

  Cobalt chloride 103 follicular patch test reactions in 853 heavy metal workers that were tested [3]
  Colored permanent 
  pressing sheets chemical

Sheets were 50% cotton and 50% polyester; widely dissmeniated erythematous follicular keratotic papules; primarily 
on hairy areas with a predominance on legs and forearms. Several washings of sheets did not prevent dermatitis; it 

persisted up to 8 wk after sheets removed

[10]

  Copper sulfate 110 patients patch tested; 8 of 69 who reacted had follicular or poral (folliculoporal) reactions [2]
  Cosmetic creams 5 young women in a 3 mo period; at sites where cream applied following bathing or before sun exposure: extensor 

limbs (with well developed vellus hairs) were greatly affected
[1]

  Dander (human) Patch test reactions to dander histologically showed eczematous changes in the upper parts of hair follicles and 
clinically consisted of erythema and papules; they were positive in 120 of 181 atopic patients, 2 of 28 allergic contact 

dermatitis patients, and 1 of 31 normal controls

[14]

  Formaldehyde A postal employee with right foot and bilateral popliteal dermatitis; patch test showed folliculoporal reaction
2 women developed textile contact dermatitis to a new long sleeved shirt and new pajamas; a hair usually pierced 

the center of the papular lesions
Positive patch test reactions frequently showed a follicular pattern; in some patients, only bright red follicular 

papules set in a background of normal appearing skin

[2,8,15]

  Homomenthyl salicylate Sunscreening chemical in a suntan lotion; 2 women with follicular dermatitis. One of the woman developed consort 
allergic contact dermatitis from contact with her boy friend who used the lotion; she was originally misdiagnosed as 

having recurrent disseminated infundibulofolliculitis 

[6]

  Methyl glucose 
  sesquistearate

Follicular dermatitis developed to both a lotion and facial cream that contained this chemical [16]

  Neomycin Repeat topical application on abdomen (current report) and patch test reaction (woman with atopy and left arm 
dermatitis that flared after applying neomycin ointment

[7,9]

  Nickel sulfate A farm helper who sprayed trees with chemical and had an exudative dermatitis; patch test showed folliculoporal 
reaction

29 follicular patch test reactions in 853 heavy metal workers that were tested
Female production line worker with dermatitis of hands, chest and face after exposed to metals and cutting fluids 

and patch test positive to nickel; she developed follicular contact dermatitis in her pubic area 2 d after shaving with 
a metal razor blade

[2,17,18]

  Paraphenylenediamine An atopic woman with recurrent episodes of follicular-based pruritic papules on her face, chest and back beginning 
3 wk after starting daily oral hydrochlorothiazide; she had a similar dermatitis after contact with “black hair dye” 
and positive patch test reaction to paraphenylenediamine (which cross reacts with her new oral antihypertensive)

[19]

  Polyoxyethylene 
  laurylether

An emulsifier (and an addition of lauryl alcohol and ethylene oxide) used in cosmetics. A woman developed pruritic 
follicular facial papules after starting to use new cosmetics; both a use test and a patch test for polyoxyethylene 

lauryether showed a follicular papular reaction

[20]

  Potassium dichromate 61 follicular patch test reactions in 853 heavy metal workers that were tested [3]
  Selenium salts In glass industry, 4 employees exposed to barium and sodium selenite suffered from dermatitis and/or 

conjunctivitis; 2 of the patients developed follicular allergic contact dermatitis with papulo-follicular lesions. Patch 
testing with sodium selenite confirmed the diagnosis

[21]

  Sodium tungstate 3 follicular patch test reactions in 853 heavy metal workers that were tested; heavy metal contains about 90% 
tungsten carbide

[3,18]

  Tocopheryl linoleate Vitamin E derivative added to base formulation of a cosmetic line in Switzerland; 905 patients with papular and 
follicular dermatitis. Positive patch test reactions to cosmetics and vitamin E linoleate

[4,5]

Table 1  Agents associated with allergic follicular contact dermatitis
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contact dermatitis[17].

Characteristics of the agent
Heavier molecules are less easily capable of  penetrating 
the epidermis as compared to lighter molecules. Hence, 
it can be hypothesized that the heavier molecules exhibit 
a preference for entering the dermis through the pilose-
baceous units of  hair follicles. For example, cobalt dem-
onstrates an increased number and severity of  contact 
dermatitis reactions at follicles[3]. Neomycin, is a larger 

molecule than cobalt; therefore, the size of  neomycin 
may account for the observed follicular contact dermati-
tis to this agent (Figures 1-4).

The concentration of  the agent can also influence a 
predilection for follicular contact dermatitis. Not only 
cobalt, but also tungstate shows an increase in follicular 
reactions at higher concentrations[3,18].

Vehicle containing the agent
Lipophilic irritant agents absorb through the piloseba-
ceous apparatus[40]. However, water-soluble substances 
penetrate more easily into and around hair follicles[3]. Yet, 
in patch test reactions to metals, follicular contact derma-
titis is more common when the testing vehicle is petrola-
tum as compared to water[3].

Application of the agent
Not only in patch testing, but also in clinical use features 
regarding the application of  the agent can potentially in-
fluence the occurrence and severity of  follicular contact 
dermatitis[41,42]. It is reasonable to hypothesize that re-
peated application and occlusion of  the agent may allow 
for greater contact with larger areas of  epithelium instead 
of  only the follicles, resulting in a more confluent derma-
titis. Therefore, follicular reactions are less likely to occur 
when the agent is applied more frequently or is occluded.

External factors
Follicular contact dermatitis to heavy metals was increased 
in individuals with hyperkeratosis of  their hair follicles; 
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  Agent Comment Ref.

  Beetle toxin Pederin toxin released as a defensive mechanism from the rove (staphylinid) beetle in hot tropical and moderate 
climate regions typically limited to uncovered body areas

[22,23]

  Bis-hydroxyethyl-tallow  
  amine

Antistatic agent used to impregnate plastic tote boxes; outbreak of the hand or arms of 48.3% (14 of 29) of 
employees of the incoming inspections department of a microelectronic plant. The chemical provoked both 

follicular and nonfollicular irritant dermatitis; it was also a potential skin sensitizer

[24]

  Coal-tar products Hand dermatitis presenting with follicular papules and pustules at the site of exposure to coal-tar oils, creosote, 
pitch

[25]

  Croton oil Occupational source for irritant pustular and follicular irritant contact hand dermatitis [25]
  Debromoaplysiatoxin Occurs after swimming in water contaminated by sea algae (Lyngbya majuscule Gomont); the alga cause a 

seaweed dermatitis in persons swimming off the coastin Oahu, Hawaii. Topical application of the toxin produces 
an irritant pustular folliculitis

[26]

  Fluorine Antirust solution containing 20% ammonium bifluoride diluted in water; acute irritant contact dermatitis in an 
atopic child. Rusted buckles of the right shoe cleaned with solution; 12 h later, the 19-mo-old boy developed an 

erythematous pustular dermatitis on the areas of the treated buckles

[27]

  Greases Occupational source for irritant pustular and follicular irritant contact hand dermatitis [25]
  Naphthalones Occupational source for irritant pustular and follicular irritant contact hand dermatitis [25]
  Petroleum Hand dermatitis presenting with follicular papules and pustules at the site of exposure to petroleum derivatives: 

crude oil and fractions, cutting oils; lesions develop at the contact site to oil-soaked and tar-soaked clothes
[25]

  Propylene glycol It is used as a solvent, a plasticizer, a component of household products, a food additive and an ingredient in 
cosmetics and pharmaceutical preparations. 45138 patients patch tested; only 1044 (2.4%) patients with actual 

allergic contact dermatitis and 43 (0.10%) patients with non-allergic follicular reactions

[28]

  Tri-phenyl-tin-fluoride It is a bioactive organo-tin compound used as agricultural fungicides, general biocides, bactericides, herbicides, 
insecticides and antifoulant in boat paints (ship bottom coatings); it is moderately toxic to the skin. The patient’s forearm 

accidentally contacted an empty drum that was still contaminated with the chemical; within 2 d he developed 
multiple follicular keratosis-like red papules evenly distributed over the affected area

[11]

  Tocopheryl linoleate Vitamin E derivative added to base formulation of a cosmetic line in Switzerland; 905 patients with papular and 
follicular dermatitis. In a few patients, the skin reaction appeared after a few applications on discontinuous days 

or more rarely after a single application suggesting an irritation reaction

[4,5]

Table 2  Agents associated with irritant follicular contact dermatitis

Figure 1  Neomycin-associated follicular contact dermatitis presenting as 
follicular papules on the right abdomen, in and around the umbilicus, and 
the suprapubic region. The patient is a 59-year-old Asian woman who pre-
sented with itchy lesions at the sites of prior incisions on her lower abdomen. 
Her past medical history was significant for stage Ⅰ, T2N0M0 adenocarcinoma 
of the sigmoid colon. Her tumor was successfully managed by a laparoscopic 
anterior resection of the sigmoid colon.
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however, it was not associated with either the presence of  
acne or sweating[3]. In contrast, not only sweating, but also 
pressure and friction contributed to the development of  
follicular contact dermatitis caused by a chemical in col-
ored permanent pressing sheets[10]. These external factors 
enhanced the penetration of  the allergen into the follicles 
of  the patients who developed dermatitis[10]. 

DIFFERENTIAL DIAGNOSIS OF 
FOLLICULAR CONTACT DERMATITIS
Conditions to be considered in the differential diagnosis 
of  follicular contact dermatitis are listed in Table 3[6,10]. 
Some of  the patients with follicular contact dermatitis 
were initially considered to have disseminated recurrent 
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A B

Figure 2  Closer view of neomycin-associated follicular contact dermatitis on the right mid abdomen (A) and right lower abdomen (B). The woman noted, 
one month postoperatively, that there was still some drainage from her surgical wounds. She was instructed to daily clean the sites and apply an antibiotic ointment 
that contained neomycin sulfate, polymyxin B zinc, and bacitracin zinc (Neosporin ointment). She began to develop small individual lesions at the sites of antibiotic 
ointment application after 6 wk of daily topical treatment; however, she continued to treat the incision sites for another 4 wk as the individual lesions enlarged and 
some become confluent-before seeking medical attention.

A B C

Figure 3  Cutaneous examination of her abdomen and suprapubic region (A) showed individual and confluent red-brown pruritic papules where she had 
been applying the antibiotic ointment to prior incision sites: right mid abdomen, right lower abdomen, umbilicus and periumbilical area (B, distant view 
and C, closer view) and suprapubic region.

Figure 4  Distant (A) and closer (B) inspection, particularly of the lesion in her suprapubic area, showed individual hair follicles in the center of the pap-
ules. The topical antibiotic was discontinued and flucinonide 0.05% cream was applied twice daily; all of the lesions resolved within 2 wk with residual 
post inflammatory hyperpigmentation at the sites.

A B
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infundibular folliculitis-even though they were Cauca-
sian[6,10]. In contrast to follicular contact dermatitis which 
was characterized by severe itching or areas of  erythema 
and oozing or both in some of  the patients, infundibular 
folliculitis is typically observed in black patients as mild to 
moderately pruritic or burning, flesh colored, widely dis-
tributed, non-inflammatory follicular papules; the papules 
are typically refractory to treatment and the recurrent epi-
sodes persist for weeks to months before spontaneously 
resolving[43,44]. 

An individual in whom infundibulofolliculitis was 
suspected presented with recurrent 2-mm erythematous 
follicular papules. She was a 24-year-old nurse whose skin 
eruption partially improved with topical corticosteroids 
and resolved when her boyfriend moved to another city. 
However, it recurred when he returned and they went 
to the beach. Subsequently, the diagnosis of  consort fol-
licular contact dermatitis to the homomenthyl salicylate 
in her boy friend’s Coppertone sunscreen lotion was 
considered and confirmed by positive patch testing to the 
lotion; additional patch testing to each component of  the 
lotion was only positive for homomenthyl salicylate[6]. 

The other patients had been exposed to a chemical 
used in colored permanent-pressed sheets[10]. Not only the 
distribution and duration of  the follicular contact dermati-
tis, but also the histopathology of  the chemical-associated 
lesions were similar to those observed in individuals with 
infundibulofolliculitis. However several features permit-
ted the patients with follicular contact dermatitis to be 
differentiated from those with infundibulofolliculitis: se-
vere itching (as compared to mild or moderate pruritus), 
the presence of  erythematous and even oozing areas (as 
compared to nonflammatory lesions) and a white patient 
population (as compared to occurring in African Ameri-
can individuals)[10].

MANAGEMENT OF FOLLICULAR 
CONTACT DERMATITIS
The primary management of  follicular contact dermatitis 
is withdrawal of  the causative agent. The skin lesions for 
many of  the affected individuals either resolved spon-
taneously or following treatment with a topical cortico-
steroid preparation. However, is some of  the patients 

lesions either persisted or recurred even after elimination 
of  the inducing chemical or repetitive washing of  the 
eliciting item from the source of  exposure; specifically, 
follicular contact dermatitis persisted up to 8 wk after ex-
posure to chemical in colored permanent-pressed sheets 
had been eliminated and new lesions would appear even 
after the sheets had been washed 3 or 4 times[10].

CONCLUSION
Follicular contact dermatitis clinically presents as indi-
vidual papules that include a central hair follicle. Patho-
logic features involve the follicle and the surrounding 
dermis: spongiosis and vesicle formation of  the follicular 
epithelium associated with perifollicular and perivascular 
lymphocytic inflammation. Several chemicals, including 
topical antibiotics, can elicit follicular contact dermatitis-
either as allergens or irritants. Neomycin-associated fol-
licular contact dermatitis was initially reported in 1952. 
Subsequently, follicular contact dermatitis in additional 
patients treated with neomycin was observed and the 
diagnosis was confirmed by patch testing with the agent. 
Several hypotheses have been suggested for the selective 
involvement of  the follicles in follicular contact derma-
titis: patient allergenicity, characteristics of  the agent, ve-
hicle containing the agent, application of  the agent, and 
external factors. The differential diagnosis of  follicular 
contact dermatitis includes not only recurrent infundibu-
lofolliculitis, but also drug eruption, mite infestation, viral 
infection, and dermatoses that affect hair follicles. With-
drawal of  the causative agent is the primary therapeutic 
intervention for follicular contact dermatitis. In addition, 
treatment with a topical corticosteroid preparation may 
promote resolution of  the dermatitis.
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Abstract
During the incipient steps of periodontal treatment, 
clinicians are usually asked to predict the prognosis of 
teeth with compromised periodontium. The aim of this 
literature review was to investigate the association be-
tween periodontal Prognosis, Tooth Loss and risk indi-
cators, such as smoking and genetics. Results showed 
that the definition of good prognosis has much higher 
predictability than the one for questionable prognosis. 
Several risk indicators for periodontal prognosis and 
tooth loss are discussed as well as different definitions 
of questionable prognosis and their success in predict-
ing tooth loss. In conclusion, the major focus of future 
studies should be to construct simplified prognostic 
models with high predictability that will increase the 
confidence of dentists and periodontists when assigning 
teeth prognosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Periodontal prognosis; Tooth loss; Risk indi-
cators; Periodontitis

Core tip: During the incipient steps of periodontal treat-
ment, clinicians are usually asked to predict the prog-
nosis of teeth with compromised periodontium. Little 

advancements on this topic have been made in the 
periodontal literature during the last decade. Current 
evidence shows that except for good prognosis, the as-
signment of overall prognosis remains rather dicey. The 
major focus of future studies should be to construct 
simplified prognostic models with high predictability 
that will increase the confidence of Dentists and Perio-
dontists when assigning teeth prognosis.

Ioannou AL, Kotsakis GA, Hinrichs JE. Prognostic factors in 
periodontal therapy and their association with treatment out-
comes. World J Clin Cases 2014; 2(12): 822-827  Available from: 
URL: http://www.wjgnet.com/2307-8960/full/v2/i12/822.htm  
DOI: http://dx.doi.org/10.12998/wjcc.v2.i12.822

INTRODUCTION
During the incipient phases of  periodontal treatment, 
clinicians are usually asked to predict the prognosis of  
teeth with compromised periodontium[1]. To address this 
difficult and challenging task, Periodontists have intro-
duced the term “questionable’’ prognosis. In essence, this 
term means that a tooth may or may not respond well to 
treatment and many factors such as patient/host suscep-
tibility, age, location of  the tooth and degree of  bone loss 
among others must be weighted to better determine its 
prognosis.

Scientific attempts to identify risk indicators for tooth 
loss that can help clarify and better define this term have 
been reported in the literature. Usually retrospective and 
cross-sectional studies are employed as these types of  
investigations allow for access to a large pool of  data for 
analysis without the cost, or the ethical limitations that 
pertain to interventional studies[2]. The drawback is that it 
is uncertain whether an observational study can verify the 
causal role of  a true risk factor, yet observational studies 
are valuable in identifying risk indicators[2]. 

The aim of  this critical review was to investigate the 
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association between periodontal Prognosis, Tooth Loss 
and risk indicators. This review paper will discuss how 
specific risk indicators affect periodontal prognosis and 
how accurate initial periodontal prognosis can be.

CRITICAL REVIEW
Inceptive definition of questionable prognosis
Hirschfeld et al[3] (1978) presented data of  a cross-section-
al study that included 600 patients with at least 15 years 
and up to 50 years of  follow-up. This patient cohort was 
described by the authors as consisting of  well-motivated 
middle-class patients that attended frequent (4-6 mo in-
tervals) recalls.

The authors allocated the patients in three groups 
based on their response to treatment: well maintained 
(83.2%), downhill (12.6%), or extreme downhill (4.2%).

In the well-maintained group a mean of  0.68 teeth per 
patient were lost during the follow-up. The number of  
teeth lost in the downhill and extreme downhill groups 
were 5.7 and 13.3 per patient, respectively. 

In regards to risk indicators for post-treatment tooth 
loss, residual mobility was insignificant. The authors’ 
definition of  questionable prognosis (furcation involve-
ment, deep non-eradicable pocket, extensive bone loss 
and/or at least grade 2 mobility with active inflamma-
tion) was accurate in depicting clinical reality for the 
well-maintained group. In this group 80% of  the teeth 
lost had been initially assigned a questionable prognosis. 
That percentage dropped to approximately 50% in the 
remaining groups. Almost all of  the teeth with question-
able prognosis were lost in the extreme downhill group. 
The authors concluded that tooth loss patterns were 
case-related and they noted a bilaterally symmetrical pat-
tern. They found a predictable order of  likelihood of  
tooth loss according to position in the arch. Mandibular 
cuspids and first bicuspids responded most favorable to 
treatment and maintenance, while maxillary second and 
first molars and mandibular second and first molars were 
more susceptible to loss. In this study the characteristics 
of  the extreme downhill group were not identified, so the 
question of  how to predict which patients will lose more 
teeth remains unanswered.

In a similar study McLeod et al[4] (1997) investigated 
the effectiveness of  periodontal treatment in a cohort 
of  patients with moderate to advanced periodontitis that 
were treated over a period of  29 years. Tooth loss was 
set as the primary outcome of  treatment. The authors 
utilized the categorization to well-maintained (0-3 teeth 
lost), downhill (4-9 teeth lost) and extreme downhill 
(10-23 teeth lost) groups as suggested by Hirschfeld et al[3] 
(1978). The authors defined moderate disease as 4-7 mm 
of  CAL loss and severe as greater than 7 mm of  loss. It 
should be expected that this patient pool would be assigned 
a diagnosis of  severe periodontitis based on contemporary 
definitions. All patients were treated by means of  SRP fol-
lowed by surgical treatment if  indicated and were put on 
frequent (3-6 mo) recalls. Again, the definition of  question-
able prognosis was based on Hirschfeld’s definition[3]. A total 

of  2889 teeth were nested in the 114 patients included in 
this study. After a mean of  12.5 years post-treatment, 220 
teeth were lost during maintenance. In agreement with the 
results of  Hirschfeld et al[3] (1978), the authors noted a bi-
lateral pattern of  tooth loss. They also noted that maxil-
lary and mandibular molars and maxillary first premolars 
had a higher incidence of  extractions. The distribution 
of  patients in the well-maintained, downhill and extreme 
downhill groups was 84.2%, 13.2% and 2.6%, respec-
tively. Those findings are in remarkable agreement with 
results from the study of  Hirschfeld et al[3] (1978). There 
was a higher rate of  tooth loss in teeth with furcation 
involvement especially in the downhill groups. In re-
gards to questionable prognosis accuracy, 529 teeth were 
initially assigned to this prognosis group. Sixty-eight of  
those teeth were lost (12.9%), while the remaining 152 
teeth that were lost had not been assigned a questionable 
prognosis. Therefore, the negative predictive value of  
that definition of  questionable prognosis is brought to 
question.

This study was novel in attempting to correlate the 
Hirschfeld et al[3] (1978) classification of  response to peri-
odontal treatment with the AAP-accepted terminology 
for periodontal disease. According to the authors: “Nine 
of  the 18 patients in the downhill and extreme-downhill 
groups had periodontal disease that would be classified as 
systemic-disease-associated or early-onset periodontitis, 
and the remaining patients would be classified as having 
refractory periodontitis’’. This statement is valuable as 
it provides an explanation for the response to treatment 
and maintenance, but does not yield information on how 
to predict which patients will have a downhill response. 

McFall et al [5] (1982), replicated the study of  
Hirschfeld et al[3] (1978) in a faculty-practice based patient 
population (n = 100) that was followed up for at least 
15 years. There results were in complete agreement with 
the previous studies. As in previous studies, maxillary 2nd 
molars were the most frequently lost teeth and mandibu-
lar cuspids and bicuspids were the less frequently lost 
ones. The definition of  questionable prognosis that was 
utilized in this study predicted only 48.7% of  the tooth 
loss in all groups. From the teeth that were initially as-
signed questionable prognosis, 62.3% were lost during 
the follow-up. 

A question can be raised as to what benefit, other 
than a rough estimation of  the percentage of  poor re-
sponders, there is in categorizing patients in groups based 
on the outcome of  treatment. Categorizing patients in a 
group prior to initiation of  treatment, based on specific 
risk indicators and assessing the accuracy in predicting 
which patients will exhibit downhill response seems more 
reasonable. 

Chace et al[6] (1993) performed a cross-sectional study 
that specifically aimed to address the fate of  teeth that 
were assigned a questionable prognosis. The authors’ defi-
nition of  questionable prognosis slightly differed from the 
previous definitions, as it required that the teeth simultane-
ously exhibited pocket depth greater than 6 mm, mobility 
greater than 0.5 mm in buccal-lingual direction, poor 
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root-crown ratio and at least class Ⅱ furcation involve-
ment. In this study 166 patients, lending 455 question-
able teeth to the study, were followed up over up to 40 
years. A total of  55 teeth were lost (12%), with an aver-
age survival period of  8.8 years. Half  of  the teeth were 
bilaterally symmetrical and as in the previous studies 
most frequently lost teeth mostly groups were maxillary 
second molars, first molars, first bicuspids, or mandibular 
molars[3-5]. Even though the accuracy of  the assignment 
of  ‘’questionable prognosis’’ could not be investigated 
with this study design, results of  this study showed that 
teeth with significant loss of  periodontal tissues could be 
functionally maintained. Yet, factors such as esthetics and 
patient satisfaction were not discussed.

In another study, Wilson et al[7] (1987) focused in in-
vestigating the effect of  patient compliance on tooth loss. 
One hundred and sixty-two patients were followed up 
for at least 5 years and were categorized as “compliant’’, 
or ‘’erratic’’. Results showed that completely compliant 
patients lost no teeth during the follow-up. Twenty-two 
patients in the erratic group lost a total 60 teeth, for an 
average of  0.06/patient/year in that group. The authors 
claimed a higher percentage of  teeth with questionable 
to poor prognosis being lost, in comparison to teeth that 
were assigned good or fair prognosis, albeit no statistical 
test was performed.

AN EVIDENCED-BASED ATTEMPT TO 
DEFINE PROGNOSIS: THE ‘’MCGUIRE 
AND NUNN’’ STUDIES
In 1991 McGuire[1] evaluated the outcome of  treatment 
in 100 patients that were followed up for a mean of  7 
years following active treatment. All patients received 
standard of  care non-surgical treatment and all of  them 
received surgical treatment in areas with residual pockets. 
Patients underwent a stringent maintenance schedule 
with the first maintenance appointment scheduled at 1 
mo post-surgery and at 1-3 mo intervals thereafter. Each 
tooth was assigned to one of  the following five prognosis 
gradients: good, fair, poor, questionable, and hopeless. 
The author re-assigned prognosis to each tooth based 
on the clinical situation at 5 and 8 years post-active treat-
ment. Results showed that the average prognosis of  the 
teeth studied at each interval changed very little from ini-
tial to 5 to 8 years.

A 2.1% tooth loss (51/2484) was noted for the study 
population. The teeth with good prognosis remained rel-
atively stable, while teeth in the fair and poor categories 
frequently improved. The questionable category generally 
got better, but a significant number of  teeth were lost 
and teeth in the hopeless category were generally lost. 
Findings of  interest were that prognosis was more accu-
rate for single rooted teeth than multi-rooted, and that 3rd 
molars and mandibular molars tended to perform worse 
than expected. The author discussed that the criteria 
for assigning prognosis in this study were less lenient in 
downgrading a tooth to questionable prognosis in com-

parison to the criteria of  Hirschfeld et al[3] (1978). 

In the second part of  this study the authors at-
tempted to investigate the accuracy of  a statistical model 
that would consider several explanatory variables such 
as, furcation involvement, pocket depth, percentage of  
bone loss, mobility, crown to root ratio and root proxim-
ity, based on the data published previously[8]. The model 
was very accurate in predicting prognosis (approximately 
80%), especially in non-molar teeth. When scrutinizing 
the results, the authors found that the accuracy of  the 
model was significantly compromised when teeth with 
good prognosis were excluded from the analysis (< 50%). 
The clinical repercussion of  those findings is debatable. 
It may not be as crucial to determine if  a tooth that was 
assigned questionable prognosis may move to fair, or vice 
versa. On the contrary it is very valuable the ability to 
foresee which teeth will shift from the fair, or question-
able gradient to hopeless. That question was addressed 
in the third part of  this study that was published later the 
same year[9]. 

In the third part of  the study the authors extended 
the follow-up to 16 years. This extended observation 
time increased the number of  teeth lost to 131 of  the 
2509 initially present. The average survival time for teeth 
that were lost was approximately 5 years post treatment. 
In this publication a true endpoint[10] was chosen, tooth 
loss. 

Results showed that both the sensitivity and specific-
ity of  the suggested prognosis classification increased 
when tooth loss was considered as the endpoint. 

When questionable and hopeless prognoses were 
grouped together they were relatively accurate in predict-
ing future tooth loss. The authors also constructed a 
proportional hazard model that identified initial probing 
depth, initial furcation involvement, initial mobility, initial 
percent bone loss, parafunctional habits with no biteg-
uard, and smoking risk indicators for tooth loss.

CONTEMPORARY VIEWS ON 
PERIODONTAL PROGNOSIS
New data and studies have initiated a shift in the con-
sideration of  risk indicators for periodontal prognosis. 
A vastly increasing number of  new studies are now 
focusing on risk indicators involving host susceptibility 
rather than local factors[11,12]. The genetic and host com-
ponents of  periodontal disease and their association with 
periodontal prognosis are magnetizing the interest of  
clinicians. The pathophysiologic cascade underlining this 
relationship has not been clearly elucidated. Yet, there 
are clear indications of  this association. Fardal et al[13] 
(2004) investigated risk factors associated with tooth loss 
due to periodontal reasons during maintenance phase of  
treatment in a hundred patients in a Norwegian special-
ist periodontal practice. This study examined how initial 
prognosis related to actual outcome as measured by a 
true point, namely periodontal tooth loss. The patients 
included in this practice-based study, had comprehensive 
periodontal treatment and were followed for 9-11 years 
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during maintenance care. The authors identified that only 
36 (1.5%) of  the 2436 teeth present at baseline were sub-
sequently lost due to periodontal disease. The majority 
27 (75%) of  the teeth lost due to periodontal disease had 
been assigned an uncertain, poor or hopeless initial prog-
nosis. Fardal et al[13] found that tooth loss was significantly 
associated with older age (> 60 years), male gender and 
smoking, but was not significantly associated with oral 
health status and family history, and that compliance with 
maintenance following active periodontal treatment was 
associated with low levels of  tooth loss. Notably, even 
though the majority of  teeth lost due periodontal disease 
had been initially assigned an uncertain, poor or hopeless 
prognosis, 9 of  the teeth lost (25%) had been assigned 
a good prognosis at baseline. This indicates that it is not 
always possible to identify all teeth that are at risk of  be-
ing lost during the progression of  periodontitis. From 
the interpretation of  results of  Fardal et al[13] (2004) it is 
evident that risk indicators related with host and genetic 
components are more predictive of  tooth loss, rather 
than those associated with clinical parameters and local 
factors. Age and gender were significantly associated with 
tooth loss in contrast with oral health status, indicating 
a strong association between tooth loss and the genetic-
host component of  periodontal disease[13]. 

A common finding in earlier studies on tooth sur-
vival following active treatment and maintenance has 
shown that furcation involvement is a risk indicator for 
future tooth loss[1,3-5] and makes assignment of  accurate 
prognosis very challenging[9]. Svärdström et al[14] (2000) 

evaluated 1313 molars in 222 patients in order to analyze 
the outcome of  non-regenerative treatment. They found 
that from the 899 molars that were deemed maintainable, 
only 21 (3.5%) were extracted within a 10-year follow-up 
period. All molars in this group were treated with scaling 
and root planning followed by modified Widman flap 
surgery, if  indicated. The authors concluded that molar 
teeth treated with non-resective, non-regenerative ap-
proaches have a good long-term prognosis if  a frequent 
recall schedule is followed. 

The potential prognostic value of  clinical, genetic, 
and radiographic variables in predicting tooth loss in 
periodontal patients was assessed in a 10-year retrospec-
tive analysis[15]. Sixty periodontal patients were treated 
according to the standard of  care and were placed at 3-4 
mo maintenance schedules. In addition to standard clini-
cal and radiographic examination, the patient underwent 
interleukin-1 genotype assessment. The distance of  the 
bottom of  the bony defect to the root apex as well as 
molar teeth were significant predictors of  tooth loss. On 
the contrary deep intrabony defects had a protective ef-
fect. Interleukin-1 test was not efficient as a predictor of  
tooth prognosis. 

Faggion et al[16] (2007) also attempted to identify risk 
indicators to construct a prognostic model. In agreement 
with the previous studies, teeth with multiple roots were 
identified as a significant factor. The authors also identi-
fied diabetes mellitus, reduced bone levels at baseline, 
non-vital pulp and tooth mobility as risk indicators for 

future tooth loss. 
A simplification of  the McGuire[1] (1991) classifica-

tion of  periodontal prognosis was proposed by Checchi 
et al[17] (2002). This simplified classification includes three 
prognosis gradients: good, questionable, and hopeless. 
The authors elected to define prognosis based on re-
sidual bone levels and/or furcation involvement. Teeth 
with more than 75% per cent bone loss were assigned 
“hopeless’’ prognosis and teeth that had between 50% to 
75% bone loss, or furcation involvement were assigned 
“questionable’’ prognosis. If  a tooth exhibited both char-
acteristics it was downgraded. Results showed that 0.07% 
of  teeth with good prognosis were lost, 3.63% were lost 
from the questionable prognosis category and 11.34% 
were lost from the hopeless prognosis subgroup. While 
previous prognosis classifications were shown to be ac-
curate for the “good’’ and “hopeless’’ prognosis, this 
simplified approach performed very well for “good’’ and 
“questionable’’ prognosis, but seemed to have been pes-
simistic in assigning “hopeless’’ prognosis.

Most of  the studies mentioned in this review evaluated 
the prognosis of  teeth that had undergone periodontal treat-
ment and went into a maintenance phase. Neely et al[18] (2001) 

looked into risk indicators for tooth loss in an untreated 
cohort of  154 Sri Lankan tea laborers. This patient 
cohort had no access to periodontal treatment and rep-
resented a population sample of  untreated periodontal 
disease. Results were very interesting as they showed that 
plaque index and smoking were not associated with mean 
attachment loss. Age, gingival index, calculus index and 
time were associated with attachment loss over 20 years 
of  follow-up.

The same group of  researchers published a follow-up 
paper that evaluated a true endpoint (tooth loss) instead 
of  a surrogate endpoint (attachment loss)[19]. 

Results were striking as they significantly differed 
from results of  the previous study. In this second part, 
none of  the individual risk indicators had a significant 
impact on tooth loss. Tooth loss was associated with in-
creasing attachment loss in the presence of  use of  betel 
nut. Interestingly, betel nut (a nut containing substances 
with vasoconstricting properties) was found to be a poor 
predictor of  increase in attachment loss in the first part 
of  the study. These findings point out that even though 
attachment loss is a well-established surrogate for tooth 
loss in the treatment of  periodontitis, studies that utilize 
surrogate endpoints should always be reviewed with that 
limitation in mind[20]. 

Other risk indicators for tooth loss
Several studies have investigated the effect of  single risk 
indicators, or risk factors, depending on the definition, 
on tooth loss. Such ones are furcation involvement[21], 
retained “hopeless’’ teeth[22], residual deep pockets[23] and 
maintenance schedule frequency[24].

Axelsson et al[24] (1981) assessed the efficacy of  a 
stringent maintenance schedule in patients that had un-
dergone surgical periodontal therapy. All patients were 
treated with modified widman flap surgery in all four 
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quadrants. One third of  the initial group of  90 patients 
was referred back to their general dentists for mainte-
nance, while the remaining two thirds underwent a strin-
gent maintenance schedule that included professional de-
bridement once every two months for the first two years 
post-operatively and once every three months thereafter. 
Results showed that there was a significant difference in 
pocket depth maintenance and maintenance of  attach-
ment levels around treated teeth between the “recall’’ 
and “non-recall’’ groups. It should be noted that patients 
in the stringent maintenance group received subgingi-
val scaling at their bimonthly, or trimonthly visits, when 
indicated. Results on tooth maintenance in each group 
were not at all that impressive. No significant difference 
was noted in the number of  teeth lost between the two 
groups. No teeth were lost in the “recall’’ group and only 
few teeth were lost in the “non-recall’’ group. Numerical 
results were not published. The authors concluded that 
stringent maintenance is of  paramount importance as 
it can prevent future attachment loss. One could argue 
that the authors overemphasized results of  this study. 
It is more reasonable to evaluate a true endpoint, such 
as tooth loss as being more significant over a surrogate, 
such as attachment loss[10]. On the other hand the sample 
size on the non-recall group was smaller and as a result 
the study might have not been powered enough to iden-
tify a difference in the incidence of  tooth loss, as this is a 
rare event.

Furcation involvement is another risk indicator that 
has been highlighted in several studies. Waerhaug[21] (1980) 
investigated the anatomy and pathophysiology of  furca-
tion defects and concluded that if  clinicians are aware of  
specific considerations when treating molar teeth with 
furcation defects, then their prognosis may be improved. 

Interesting findings were that there is significantly in-
creased attachment loss in the furcation area in compari-
son to the outer surfaces of  the root and that the absence 
of  bleeding on probing of  the marginal gingiva is not 
associated with absence of  inflammation, or progression 
of  disease in the furcation area.

In a different study, researchers attempted to evalu-
ate the retention of  “hopeless’’ teeth as an indicator for 
future progression of  disease in neighboring sites[22]. In 
order to define “hopeless’’ the authors employed a com-
bination of  risk indicators such as at least 75% of  bone 
loss, class 3 furcation defect, residual 8mm pocket depth, 
or repeated periodontal abscesses. Results showed no 
significant effect of  the hopeless teeth on the “adjacent’’ 
surfaces of  the neighboring teeth in comparison to the 
“non-adjacent’’ ones. Pocket depth post-treatment aver-
aged at approximately 3.5 mm around the teeth that were 
in the vicinity of  retained “hopeless’’ teeth, which indi-
cates that even though no significant increase in surro-
gate markers for progression of  disease was noted, many 
of  the teeth had residual pockets greater than 3 mm. The 
authors concluded that retained “hopeless’’ teeth do not 
affect the periodontium of  neighboring teeth as long as 
patients undergo frequent maintenance.

The influence of  residual pockets in the prognosis of  

teeth has also been a matter of  interest. Matuliene et al[23] 
(2008) followed 172 patients with residual pockets after 
the active phase of  treatment for 3-27 years. Progres-
sion of  disease was defined as at least 3 mm of  proximal 
attachment loss in at least two teeth. During the main-
tenance phase of  treatment the percentage of  pocket 
depths that were less than 5 mm did not change signifi-
cantly. On the other hand, the percentage of  pockets that 
had an initial depth of  at least 5 mm increased from 2.9% 
to 4.3%. Increased pocket depth was found to be strong-
ly associated with tooth loss in multilevel logistic regres-
sion analysis. During the follow-up 1.7 teeth were lost per 
patient. Residual pockets of  at least 6 mm that were left 
untreated were a significant factor for tooth loss. During 
the maintenance phase, 43% of  all cases were identified 
as progressing cases based on the definition mentioned 
above. The authors concluded that residual pockets with 
depth greater or equal to 6 mm represent incomplete 
periodontal treatment and are a risk indicator for tooth 
loss.

CONCLUSION
Even though this topic has been extensively discussed in 
the literature a solid definition of  questionable prognosis 
has not been yet established. The importance of  assign-
ing an accurate prognosis for teeth prior to initiation of  
treatment cannot be emphasized enough. Not only it sets 
the foundation of  trust between the therapist and the 
patient but also prevents legal implications from arising 
after the treatment process. 

The major focus of  future studies should be to con-
struct simplified prognostic models with high predict-
ability that will increase the confidence of  dentists and 
periodontists when assigning teeth prognosis.
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Abstract
Patients with interstitial lung disease commonly exhibit 
abnormal sleep architecture and increased sleep frag-
mentation on polysomnography. Fatigue is a frequent 
complaint, and it is likely that poor sleep quality is a 
significant contributor. A number of studies have shown 
that sleep disordered breathing is prevalent in this pop-
ulation, particularly in the idiopathic pulmonary fibrosis 
subgroup. The factors that predispose these patients to 
obstructive sleep apnoea are not well understood, how-
ever it is believed that reduced caudal traction on the 
upper airway can enhance collapsibility. Ventilatory con-
trol system instability may also be an important factor, 
particularly in those with increased chemo-responsive-
ness, and in hypoxic conditions. Transient, repetitive 
nocturnal oxygen desaturation is frequently observed in 
interstitial lung disease, both with and without associ-
ated obstructive apnoeas. There is increasing evidence 
that sleep-desaturation is associated with increased 
mortality, and may be important in the pathogenesis of 
pulmonary hypertension in this population.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Sleep disordered breathing; Interstitial lung 
disease; Pulmonary fibrosis; Nocturnal hypoxia; Ob-
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Core tip: This article reviews the literature on sleep dis-
ordered breathing in interstitial lung disease, seeking to 
define the important contributing factors and sequelae. 
The key concepts that are explored include the contri-
bution of nocturnal hypoxaemia to the development of 
pulmonary hypertension, and the mechanisms behind 
the observed high prevalence of obstructive sleep ap-
noea in interstitial lung disease patients.
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INTRODUCTION
The interstitial lung diseases (ILD) are a heterogeneous 
group of  disorders characterized by varying degrees of  
fibrosis and inflammation of  lung parenchyma. Suffer-
ers exhibit lung restriction and exercise intolerance, often 
developing progressive hypoxia over time. Independent 
of  the presence of  daytime hypoxia, many individuals 
with ILD are observed to desaturate during sleep, with or 
without associated apnoea.

There is mounting evidence that nocturnal hypoxia 
and sleep-disordered breathing (SDB) may contribute 
to adverse outcomes. Aside from resulting in poor sleep 
quality and daytime fatigue, transient repetitive desatura-
tion and associated sympathetic nervous system activa-
tion may play a role in the development of  pulmonary 
hypertension and contribute to increased mortality[1-3]. 

Existing evidence on aspects of  sleep physiology and 
pathophysiology in ILD will be considered within this 
review.
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POPULATION AT RISK
There are estimates of  more than two hundred known 
causes of  ILD, leading to restrictive physiology, dyspnoea 
and often a pervasive cough. These diseases can be di-
vided into broad subcategories: (1) those with known 
aetiology such as the pneumoconioses, drug-related ILD, 
and connective tissue disease-associated ILD; (2) the 
granulomatous diseases such as sarcoidosis and chronic 
hypersensitivity pneumonitis; (3) the idiopathic interstitial 
pneumonias such as idiopathic pulmonary fibrosis (IPF), 
non-specific interstitial pneumonia, cryptogenic organiz-
ing pneumonia (COP); and (4) a miscellaneous group 
including pulmonary Langerhans cell histiocytosis[4,5]. A 
classification scheme is depicted in Figure 1.

Many of  these diseases evolve from an initial inflam-
matory process involving the lung interstitium with vary-
ing inclusion of  the lung vasculature and airways. Over 
time, inflammation may give way to advancing fibrosis, 
especially in cases where diagnosis and treatment are 
delayed and inflammation persists unabated. In contrast, 
IPF is a distinct entity, in which inflammation does not 
appear to play an important role in the pathogenesis of  
fibrosis, which often progresses rapidly and relentlessly. 

Irrespective of  underlying aetiology, advancing fibro-
sis often leads to worsening gas exchange across a thick-
ened collagen-dense interstitium, and respiratory failure 
may eventually ensue. Hypoxic vasoconstriction, endo-
thelial remodelling and vascular obliteration all contribute 
to the development of  pulmonary hypertension, a poor 
prognostic feature when present in ILD patients[6,7].

SLEEP CHARACTERISTICS IN ILD
Breathing pattern during sleep
During wakefulness, ILD patients are known to have a 
rapid, shallow breathing pattern both at rest and with 
exercise[8,9]. This is thought to be due to increased intrin-
sic elastic loading of  respiratory muscles and stimulation 
of  peripheral mechanoreceptors[8,10]. Even in the face of  
severely impaired gas exchange, this respiratory pattern 
allows ILD patients to maintain ventilation and daytime 
eucapnia until very advanced stages of  disease. During 
sleep, some investigators have found respiratory frequen-
cy, f to be no different to that when awake[11-14]. Others 
have shown that f falls, but with an attendant increase in 
tidal volume, so that overall, the increased minute ventila-
tion is preserved during sleep[15].

Sleep architecture and sleep quality
Not surprisingly, sleep quality is comparatively poorer 
than that of  the normal population. Nocturnal cough, 
medications, breathing difficulties, hypoxia and obstruc-
tive apneas have all been implicated in disrupting sleep in 
this population. Perez-Padilla et al[14] in 1985, compared 
11 ILD patients with age- and sex-matched controls. 
They reported decreased amounts of  rapid eye move-
ment (REM) sleep as well as significant sleep fragmenta-
tion in the patient group[14]. Further prospective studies, 
with particular focus on IPF confirm these findings, and 
also report increased stage 1 and 2 sleep, reduced slow 
wave sleep and poorer overall sleep efficiency[13,15-20]. Sleep 
characteristics in ILD subjects are shown in Table 1.
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Respiratory Bronchiolitis ILD
Desquamative Interstitial 
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Pneumonia
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ILD of known association Granulomatous ILD Idiopathic interstitial
pneumonias

Miscellaneous ILD

Figure 1  Classification scheme of interstitial lung disease (Adapted from[4,5]). ILD: Interstitial lung disease; IIP: Idiopathic interstitial pneumonia.



Daytime symptoms and quality of life
The symptoms of  sleepiness and fatigue often co-exist 
in ILD patients. Common causative factors include 
systemic inflammation, treatment side effects, age and 
comorbidities. Depression and disease-related stressors 
also affect many. In addition, sleep fragmentation ap-
pears to be a substantial contributor, as demonstrated in 
studies using numerous sleep and health-related quality 
of  life (QoL) questionnaires in ILD subjects. Fatigue is 
frequently reported, impacting on wellbeing and daytime 
function[13,21,22]. The Epworth Sleepiness Scale (ESS), 
and Pittsburgh Sleep Quality Index (PSQI) scores are 
higher in unselected ILD patients than in normal con-
trols, indicating poorer quality sleep[22-24]. However, in 
ILD cohorts with polysomnography, the ESS and other 
tools do not reliably predict severity of  sleep-disordered 
breathing[2,19,25]. The PSQI does appear to correlate with 
health-related QoL indices, particularly physical function 
and vitality, highlighting the pervasive influence of  sleep 
fragmentation[22]. Nocturnal hypoxia in ILD patients is 
also independently associated with a reduction in energy 
levels, as well as physical and social functioning, as as-
sessed by a variety of  QoL instruments[13,21].

Non-respiratory disturbances to sleep
Increased periodic limb movements and restless legs syn-
drome (RLS) have been documented in IPF and sclero-
derma patients[17,26]. A self-reported study in IPF patients 
and normal controls, however, did not find any difference 
in the incidence of  RLS[27]. Gastro-oesophageal reflux 
disease may also play a role in sleep disruption, particu-
larly in high-risk groups including scleroderma patients[26]. 

OBSTRUCTIVE SLEEP APNOEA IN ILD
Increasing attention has been focused on the prevalence 
of  obstructive sleep apnoea (OSA) in ILD, with much of  
the cross-sectional data coming from studies in IPF pa-
tients. Three prospective studies showed the incidence of  
OSA in IPF subjects to markedly exceed that reported in 
healthy age-matched populations, with estimates between 

59% and 90%[2,19,20]. This increased risk however, does 
not appear to be unique to IPF, with studies of  mixed 
ILD populations (and in particular sarcoidosis and sclero-
derma subgroups) demonstrating similar findings[18,25,28]. 
These results are summarized in Table 2.

Association between degree of OSA and severity of lung 
disease
Although retrospective analyses of  ILD subjects suggest 
an association between the degree of  lung restriction 
and the risk and severity of  sleep disordered breathing, 
this has not been demonstrated in larger, prospective stud-
ies[2,17,19,20,25,29]. The only correlation between measured lung 
volumes and PSG parameters, reported by Mermigkis et 
al[20], was in total lung capacity and REM sleep apnoea hy-
popnoea index (AHI). Kolilekas et al[2] found an association 
between overall AHI and peak VO2 on exercise testing, but 
this may simply reflect poorer daytime function and more 
deconditioning in those with more fragmented sleep.

Hypotheses for why SDB is increased in patients with 
ILD
In the general OSA literature, recent attention has been 
turned towards the inherent characteristics that predis-
pose individuals to sleep disordered breathing. The two 
key components believed to underscore the pathogenesis 
of  OSA are increased upper airway collapsibility and en-
hanced ventilatory control system instability[30]. It is use-
ful to consider these processes in the ILD population.

Upper airway collapsibility: It is generally believed that 
restrictive lung disease leads to increased upper airway 
collapsibility through reduced caudal traction on these 
structures[31,32]. The inability to demonstrate a relation-
ship between lung function parameters and AHI seems to 
refute this theory. One limitation with all reported data, 
however, is the assessment of  lung function in the upright 
position only. There may be more robust associations 
between supine measurements and SDB, but this is yet to 
be investigated in ILD subjects. Increased body mass in-
dex (BMI) is associated with deposition of  adipose tissue 
around upper airway structures, enhancing collapsibility. 
BMI correlates with AHI in some, but not all studies of  
ILD subjects, suggesting that other mechanisms are im-
portant[2,18-20,25].

Ventilatory control system instability: In sleep, any 
rise in arterial CO2 (such as occurs with an apnoea) will 
stimulate carotid and medullary chemoreceptors, result-
ing in a central respiratory motor output response[33]. The 
direct activation of  respiratory pump muscles and upper 
airway dilator muscles (e.g., genioglossus) restores upper 
airway patency, and is often accompanied by an arousal. 
Some individuals with heightened chemo-responsiveness 
may overshoot the eucapnic range, by overventilating in 
response to apnoea-induced hypercapnia. The ensuing 
hypocapnia will then cause a further apnoea, sometimes 
leading to a cyclical pattern of  repetitive apnoeas as the 
ventilatory system continues to attempt to achieve ho-
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  Sleep characteristic Abnormality Patient group Ref.

  Respiratory rate Decreased ILD [15]
Unchanged ILD, IPF [11-14] 

  Stage 1/2 sleep Increased ILD [14]
IPF [19,20] 

  REM sleep Reduced ILD [11,14,15,25] 
Scleroderma [26]

IPF [2,19,20] 
  Slow wave sleep Reduced IPF [13]

ILD [17,25] 
  Arousal index Increased ILD [12,14,15] 

IPF [2,19,20] 
  Sleep efficiency Reduced ILD [25]

IPF [13,19,20] 

Table 1  Sleep characteristics in interstitial lung disease

ILD: Interstitial lung disease; IPF: Idiopathic pulmonary fibrosis; REM: 
Rapid eye movement.
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meostasis. This ventilatory system instability is believed to 
be an important contributing factor in many with OSA[34].

Intermittent hypoxia enhances chemo-responsiveness, 
and is likely to exacerbate ventilatory instability in sus-
ceptible individuals[35]. This may at least partly explain 
the frequent observation in some ILD patients, where 
repetitive apnoeas are unmasked during REM sleep when 
hypoxia is most pronounced[20].

NOCTURNAL OXYGEN DESATURATION 
IN ILD
Nocturnal hypoxia is common in ILD, both with and 
without concomitant OSA. The relative importance of  
this has been debated, with some early studies concluding 
that desaturation was minimal, having little clinical impact 
in ILD[15,16,36]. Other observational studies found that 
ILD patients experience transient or sustained hypoxia 
repetitively throughout sleep, leading to a substantial cu-
mulative period of  time with SpO2 below 90%[11-14,18,21]. 
More recently, sleep-desaturation has been found to be 
an independent predictor of  poorer prognosis[1,2].

Whilst obstructive events will undoubtedly be the 
cause for a proportion of  the transient desaturations, 
there are many other pathophysiologic contributions. 
Perez-Padilla et al[14], did not observe OSA in any of  their 
subjects, but transient desaturation was a frequent occur-
rence amounting to an average of  nearly 50% of  total 
sleep time with SpO2 below 90%. Further studies found 
the degree of  desaturation that subjects experienced dur-
ing sleep was independent from oxygen desaturation dur-
ing moderate and maximal exercise[2,11,16].

There are a number of  reasons why ILD patients 
might be more vulnerable to desaturation during sleep 
than normal subjects, and indeed than sufferers of  OSA 
with normal lungs. Firstly, many patients will be on the 
steep portion of  the oxygen-haemoglobin dissociation 
curve, whereby small changes in arterial oxygen ten-
sion lead to large decrements in saturation. In support 
of  this is the observation of  greater degrees of  sleep 
desaturation in those with lower awake resting PaO2 and 

SaO2
[16,21,36,37]. Hypoxia may also occur due to worsening 

ventilation/perfusion inhomogeneity, and also alveolar 
hypoventilation, particularly during REM sleep[3]. Find-
ley et al[38] studied the effect of  lung volume on apnoea-
related desaturation in normal subjects lying supine. Ap-
noeas were initiated at a range of  lung volumes between 
total lung capacity and residual volume. The most severe 
desaturations occurred with apneas at the lower volumes, 
presumably because of  the greater relative impact of  
dependent airway closure. This is a further mechanism 
of  sleep-related hypoxia that may be extrapolated to indi-
viduals with lung restriction from ILD and concomitant 
sleep apnoea.

Predicting nocturnal desaturation in ILD patients
As might be expected, daytime hypoxia has been identi-
fied as a predictor of  night-time desaturation in a number 
of  studies[16,21,36,37]. Severity of  lung restriction and degree 
of  desaturation with exercise, on the other hand, do not 
correlate well with nocturnal hypoxia[1,16,21,37,39]. Respira-
tory drive during wakefulness, (measured as the change 
in ventilation in response to changes in PaCO2), shows 
a tight negative correlation with the degree of  desatura-
tion in both REM and NREM sleep in ILD patients[37], 
suggesting the innate chemo-responsiveness of  the in-
dividual will also influence susceptibility to hypoxia. It is 
possible also that repeated severe episodes of  nocturnal 
desaturation will eventually blunt this responsiveness, fur-
ther perpetuating the problem as the disease advances. 

Oxygen supplementation during sleep
Although there is widespread practice to provide supple-
mental oxygen for chronic lung disease patients with sig-
nificant sleep desaturation, there is very little supportive 
evidence. In the COPD literature, the survival benefit 
derived from continuous oxygen therapy has not been 
demonstrated with overnight supplementation in those 
with nocturnal hypoxia only[40-42]. There is some sugges-
tion that pulmonary haemodynamics may be improved in 
COPD patients with long-term nocturnal oxygen[43]. 

Only two studies have looked at the acute use of  noc-
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  Ref. Population Prevalence of 
OSA 

M/F Age (mean) BMI 
(mean)

Comment

  Aydoğdu et al[18], 2006 ILD 24 (65) Abstract only
  Mermigkis et al[17], 2007 IPF 11 (61) 12/6 68.1 33.2 Retrospective study; subjects with symptoms of SDB 
  Lancaster et al[19], 2009 IPF 44 (88) 34/16 65.7 32.2 Prospective study of unselected patients; 16 subjects used 

oxygen during PSG
  Mermigkis et al[20], 2010 IPF 20 (59) 21/13 65.0 27.3 Prospective study of subjects with newly diagnosed IPF
  Kolilekas et al[2], 2013 IPF 28 (90) 24/7 68.0 28.7 Increased AHI associated with decreased survival, after 

exclusion of those prescribed CPAP
  Pihtili et al[25], 2013 ILD 34 (68) 14/36 53.9 25.9 Prospective study; excluded obese subjects (BMI ≥ 30) 

IPF 14 (82)
Sarcoidosis 10 (67)

Scleroderma 10 (56)

Table 2  Prevalence of obstructive sleep apnoea in interstitial lung disease populations  n  (%)

OSA: Obstructive sleep apnoea; BMI: Body mass index; ILD: Interstitial lung disease; IPF: Idiopathic pulmonary fibrosis; SDB: Sleep disordered breathing; 
PSG: Polysomnography; AHI: Apnoea hypopnoea index; CPAP: Continuous positive airway pressure.
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turnal oxygen in ILD. By eliminating sleep-hypoxia with 
supplemental oxygen, Shea and co-workers were able to 
demonstrate a fall in both f and minute ventilation com-
pared with awake values, approximating those of  normal 
controls[44]. Vazquez studied ILD subjects at 2240 m 
above sea-level, breathing air or oxygen on two separate 
nights[45]. Not surprisingly, all were hypoxic at rest (mean 
PaO2 51 mmHg). With the addition of  low-flow oxygen 
during sleep, heart rate and f were reduced and oxygen-
ation improved. Sleep architecture, efficiency and arousal 
index were not significantly altered. To date, there have 
been no studies to address whether sleep quality or hae-
modynamics may improve with long-term use in ILD.

NOCTURNAL DESATURATION AND 

PULMONARY HYPERTENSION
The link between intermittent desaturation and increased 
pulmonary arterial pressure was hypothesised nearly 
forty years ago[46,47]. Cross-sectional data in ILD subjects 
confirms the association between severity of  nocturnal 
desaturation and the presence of  pulmonary hypertension 
on echocardiography and right heart catherisation[1,39,48]. 
Furthermore, prolonged exposure to transient, repetitive 
hypoxia in both animals and humans leads to measur-
able changes in pulmonary haemodynamics[49]. Tatsumi 
and colleagues studied subjects with both obstructive and 
restrictive lung diseases, comparing those with significant 

nocturnal oxygen desaturation (NOD) to those without 
NOD, but matched for other disease variables[3]. Daytime, 
supine pulmonary arterial pressures (PAP) and pulmonary 
vascular resistances (PVR) were significantly higher in the 
NOD group. Under hypoxic conditions, these differences 
became more marked. Hyperoxia, on the other hand, im-
proved PVR and PAP, but not to the normal range seen in 
the non-NOD patients. This experimental data suggests 
that the effects may last well beyond the acute period, due 
to permanent structural changes in the vasculature.

Biomarkers in pulmonary hypertension
Serum Endothelin-1 (ET-1), a vasoactive peptide believed 
to be important in the pathogenesis of  pulmonary hyper-
tension, has been measured in ILD patients during sleep, 
in a novel study by Trakada and colleagues[50]. During 
wakefulness, ET-1 was significantly higher in those with 
elevated pulmonary pressures. During sleep, ET-1 rose 
acutely in all patients during episodes of  desaturation 
below 90%, and correlated with simultaneously measured 
PaO2 concentrations and pulmonary arterial pressures. 
This very interesting research highlights a putative mech-
anistic pathway in the evolution of  pulmonary vascular 
disease in ILD patients.

In summary, there is increasing evidence that noc-
turnal desaturation is not a benign phenomenon in ILD 
patients. In a large proportion, NOD occurs transiently 
and repeatedly throughout sleep, both with and without 
associated apnoeas. This may promote development of  
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pulmonary hypertension, and is independently associated 
with higher mortality. Mechanisms of  SDB and NOD are 
illustrated in Figure 2.

CONCLUSION
A small but growing body of  literature suggests that SDB 
and NOD are common in patients with IPF and other 
ILD. There is still much to learn regarding the true impact 
that these have on the natural history of  disease. A large 
area of  uncertainty remains in whether targeted treatment 
(e.g., positive pressure ventilation, oxygen or other novel 
therapies) will offer any quality of  life or mortality ben-
efits.
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Abstract
O6-methylguanine DNA methyltransferase (MGMT) 
gene promoter methylation plays an important role in 
colorectal carcinogenesis, occurring in about 30%-40% 
of metastatic colorectal cancer. Its prognostic role has 
not been defined yet, but loss of expression of MGMT, 
which is secondary to gene promoter methylation, 
results in an interesting high response to alkylating 
agents such as dacarbazine and temozolomide. In a 
phase 2 study on heavily pre-treated patients with 
MGMT methylated metastatic colorectal cancer, temo-
zolomide achieved about 30% of disease control rate. 
Activating mutations of RAS or BRAF genes as well as 
mismatch repair deficiency may represent mechanisms 
of resistance to alkylating agents, but a dose-dense 
schedule of temozolomide may potentially restore sen-
sitivity in RAS-mutant patients. Further development of 
temozolomide in MGMT methylated colorectal cancer 

includes investigation of synergic combinations with 
other agents such as fluoropyrimidines and research for 
additional biomarkers, in order to better define the role 
of temozolomide in the treatment of individual patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: O6-methylguanine DNA methyltransferase 
(MGMT) methylation is involved in colorectal carcino-
genesis and represents a predictive biomarker for alkyl-
ating agents in metastatic colorectal cancer. In fact, pa-
tients with chemorefractory metastatic colorectal cancer 
with MGMT  methylation derived promising response 
from treatment with dacarbazine or temozolomide, 
and ongoing research is investigating the efficacy of 
temozolomide in combination with other chemotherapy 
drugs for MGMT-methylated colorectal cancer. Future 
challenges include the combination with biologic drugs 
and the research for additional biomarkers. 
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ROLE OF MGMT IN THE DEVELOPMENT 
OF COLORECTAL CANCER
Colorectal carcinogenesis is a complex, multistep and 
still not completely understood process including both 
genetic and epigenetic alterations. DNA damage certainly 
plays a central role in cancer development and progres-
sion, especially when the DNA repair machinery is not 
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efficient.
O6-methylguanine DNA methyltransferase (MGMT) 

is a DNA repair enzyme codified by the MGMT gene at 
locus 10q26[1]. MGMT removes alkyl groups from the O6-
position of  the guanine acting itself  as an acceptor, and 
such reaction leads to an irreversible inactivation of  the 
enzyme[2]. MGMT transcription is regulated by epigenetic 
mechanisms. Methylation of  the CpG dinucleotides in 
the promoter region of  MGMT results in gene silencing, 
MGMT loss of  expression and inability to remove alkyl 
groups from methylated guanine, with a consequent al-
teration of  the normal DNA structure[3]. 

While protecting normal cell from carcinogens, 
MGMT activity also protects tumor cells from lethal ef-
fects of  chemotherapy with alkylating agents such as da-
carbazine (DTIC) or temozolomide (TMZ), widely used 
for the treatment of  melanoma and glioblastoma. In glio-
blastoma, in fact, MGMT methylation has been identified 
as a relevant prognostic factor and as an independent 
predictive factor of  benefit from TMZ[4,5]. For melanoma, 
the predictive and prognostic role of  MGMT methylation 
status is controversial, but patients with MGMT-methyl-
ated melanoma treated with DTIC seem to be at higher 
risk of  treatment-related adverse events[6].

MGMT promoter methylation is a frequent and 
relevant event in colorectal cancerogenesis, with a low 
expression of  MGMT secondary to gene silencing ob-
served in 27 to 40% of  metastatic chemorefractory colorec-
tal cancer (mCRC)[7]. However, MGMT loss has been also 
demonstrated in normal colorectal tissue, suggesting that 
MGMT silencing is only one of  several steps needed for 
the accumulation of  DNA damage and cell transforma-
tion. MGMT loss has been defined as a “field defect”, 
since it is neither necessary nor sufficient to cancer pro-
gression - i.e., in a multistep process, it represents only 
one of  the earlier passages leading to carcinogenesis. In 
fact, a second level of  defense against DNA damage is 
represented by the mismatch repair (MMR) system which 
leads cell to apoptosis in presence of  serious genomic al-
terations[8]. Loss of  MGMT expression is more frequent 
in CRC with microsatellite instability, suggesting that 
methylated MGMT select cellular clones with MMR defi-
cient status[9]. 

However, MGMT loss also plays a role in microsat-
ellite-stable CRC through a mechanism of  chromosomal 
instability[10]. During DNA transcription, methylated gua-
nine is wrongly recognized as adenine causing C:G to A:
T transition mutations. MGMT may prevent guanine to 
adenine transition in ras-family genes, while the loss of  
MGMT activity may increase the likelihood of  RAS and 
TP53 mutations. In fact, MGMT methylation was found 
in 71% of  mCRC with KRAS G>A mutations, whereas 
it was present only in 32% of  tumors with non-G>A 
KRAS mutations and in 35% of  tumors with wild-type 
KRAS[11,12]. In KRAS-mutant tumors, MGMT promoter 
methylation occurs before KRAS mutations and it repre-
sents an early event in the adenoma-carcinoma sequence. 
Therefore, there should be a high concordance of  
MGMT methylation status between primary tumor and 

distant metastases. 
Despite its defined position in the pathogenesis of  

CRC, the prognostic role of  MGMT is still controversial. 
Few studies directed to investigate the prognostic role of  
MGMT methylation have been published with different 
results. In a series of  116 patients, a reduction of  recur-
rence rate after adjuvant therapy has been reported in 
MGMT methylated patients[13]. Shima et al[14] analyzed a 
group of  855 patients with CRC showing no prognostic 
value of  MGMT loss or gene promoter hypermethylation. 
No benefit from 5-fluorouracil (5-FU)- or oxaliplatin-
based regimens was reported in presence of  MGMT pro-
moter methylation or MGMT loss[15].

ACTIVITY OF ALKYLATING AGENTS 
IN MGMT-METHYLATED COLORECTAL 
CANCER
DTIC and its oral derivative TMZ exert their cytotoxic 
effects through methylation of  DNA at the N3 position 
of  adenine and at the N7 and O6 positions of  guanine. 
Although N7-methyl-guanine and N3-methyl-adenine 
represent the majority of  adducts, cytotoxicity of  DTIC 
and TMZ seems to be mainly due to DNA methylation at 
the O6-position of  guanine, which leads to DNA double 
strand breaks and subsequent inhibition of  DNA repli-
cation and apoptosis. As the cytotoxic effect of  TMZ is 
mediated primarily through methylation of  O6-guanine, 
the predominant mechanism of  tumor resistance to 
DTIC and TMZ is MGMT expression. 

TMZ showed in vitro activity against several human 
malignancies, including colorectal cancer[16]. In a phase 
1 study on solid tumors comparing a novel schedule for 
TMZ given twice a day for more than 5 consecutive days 
with the standard schedule of  a daily administration for 5 
consecutive days, the drug activity was quite disappoint-
ing with only 1 out of  12 mCRC patients responding to 
treatment[17]. However, patients enrolled in the trial were 
not molecularly selected according to the MGMT meth-
ylation status. 

In a pilot study, 66 patients with refractory metastatic 
cancer were treated according to the molecular tumor 
profiling, and TMZ was effective in 2 cases of  advanced 
CRC exhibiting loss of  MGMT expression[18]. Consis-
tently with these data, Schacham-Schmueli and colleagues 
described 2 patients with mCRC and a low expression 
of  MGMT who were treated with TMZ achieving an 
impressive clinical response[19]. To explore the hypothesis 
that in mCRC the activity of  TMZ is confined to tumors 
with low levels of  MGMT, a phase Ⅱ trial combined the 
alkylating drug with lomeguatrib, a nontoxic low-molec-
ular weight pseudosubstrate which inactivates MGMT[20]. 
Unfortunately, the study was terminated early for futility, 
after 19 instead of  the 30 patient initially planned had 
been recruited. The main reason why no objective re-
sponse was observed, as the same authors stated, may be 
related to the low doses of  TMZ and lomeguatrib used in 
the trial. 
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Amatu et al[21] evaluated the activity of  dacarbazine in 
68 heavily pretreated mCRC patients. The response rate 
was only 3% with 2 partial responses, but a preplanned 
analysis based on MGMT methylation status in the in-
dividual tumors showed that objective responses only 
occurred in patients with MGMT methylated cancer. 
In the MGMT-methylated group, a significantly higher 
disease control rate (44% vs 6%, P = 0.012) and a trend 
toward longer progression-free survival (PFS) were also 
observed (Table 1). These results provided the proof-of-
concept that dacarbazine, and consequently its derivative 
TMZ, are effective only in patients with mCRC harboring 
methylation in the MGMT gene promoter.

Patients with advanced aerodigestive tract and 
colorectal cancers and methylation of  MGMT gene 
promoter were treated by Hochhauser et al[22] with TMZ 
given at 150 mg/m2 per day on a 7-day-on/7-day-off  
schedule. A low response rate (3%) was reported in 
patients with mCRC (Table 1), suggesting that MGMT 
methylation may be not the only factor determining re-
sponse to TMZ. Particularly, cell death induced by TMZ 
also depends on the integrity of  MMR pathways. In this 
study, all the patients with objective response were MMR-
proficient, and most MMR-deficient patients experienced 
a disease progression, but data were limited to drive de-
finitive conclusions about the correlation between MMR 
status and response to TMZ.

A phase 2 study run by our research group at the 
National Cancer Institute of  Milan enrolled 32 patients 
with MGMT-methylated mCRC who progressed after all 
the approved standard therapies including fluoropyrimi-
dines, oxaliplatin, irinotecan and, if  KRAS wild-type, also 
cetuximab or panitumumab[23]. All the patients received 
TMZ at the standard dose of  150 mg/m2 per day for 
5 consecutive days every 28 d until disease progression 
or unacceptable toxicity. This was the first trial of  TMZ 
given to mCRC patients selected for MGMT methylation 
status. The study met its primary end-point of  promis-
ing activity, with 4 (12%) partial responses and 6 (19%) 
disease stabilizations; median PFS and overall survival 
(OS) were 1.8 and 8.4 mo, respectively (Table 1). TMZ 
was well tolerated, with severe thromocytopenia occur-

ring in only 1 patient and no other grade 3-4 toxicities 
observed. Dose reduction was necessary in 3 patients, 
and no patients underwent early discontinuation due to 
adverse events. The study also explored potential predic-
tive biomarkers, showing that none of  the patients with 
mCRC harboring a mutation in the mitogen-activated 
protein kinases (MAPK), either RAS or BRAF, achieved 
a response. Conversely, four of  nine patients with RAS 
and BRAF wild-type tumors had an objective response 
(0% vs 44%, P = 0.004). These results confirmed what 
was already shown for glioblastoma, namely that MAPK 
signaling may enhance MGMT activity and drive cellular 
resistance to TMZ[24]. Interestingly, none of  the patients 
included in this trial were MMR-deficient, and this might 
explain the clinically meaningful response rate observed 
in this study. 

Other trials are currently ongoing, with the aim to 
shed more light on the role of  TMZ as single agent 
and investigate predictive biomarkers in patients with 
MGMT methylated CRC (Eudract n. 2012-003338-17; 
2012-002766-13). 

FUTURE CHALLENGES
It was previously shown that a dose-dense TMZ regi-
men results in prolonged depletion of  MGMT in blood 
mononuclear cells and possibly in the tumor[25]. This 
schedule of  administration may have enhanced activ-
ity due to higher cumulative dose and might be able to 
restore treatment sensitivity in RAS mutant tumors. 
Preliminary results from a mono-institutional, phase Ⅱ, 
open label, single arm study with dose-dense TMZ were 
recently presented by our group[26]. Patients with chem-
orefractory disease were treated with TMZ at a dose of  
75 mg/m2 given daily for 21 consecutive days of  a 4-week 
cycle, up to 6 cycles or until disease progression or un-
acceptable toxicity. Seventeen out of  21 patients were 
evaluable for RECIST response. Tumor response, which 
was the primary endpoint of  the study, was 24%. Inter-
estingly, all patients with tumor response had a mutation 
of  either KRAS (3 patients) or BRAF (1 patient). These 
preliminary data confirmed the encouraging activity of  
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  Ref. Schedule n  
(MGMT-m)

RR
(MGMT-m)

DCR
(MGMT-m)

PFS mo
(MGMT-m)

OS mo
(MGMT-m)

  Amatu et al[21] DTIC 250 mg/m2 per day,
d 1-4 q21d

68 (26) 3% (8%) 12% (44%) 1.7 (NR)1 NR

  Hochauser et al[22] TMZ 150 mg/m2 per day
7 d on/7 d off

372 (37) 3% (3%) 44% (445) NR NR

  Pietrantonio et al[23] TMZ 150 mg/m2 per day 
d 1-5, q28d

323 (32)   12% (12%)   31% (31%) 1.8 (1.8) 8.4 (8.4)

  Pietrantonio et al[26] TMZ 75 mg/m2 per day,
d 1-21 q28d

 214  (21)   24% (24%)  30% (30%) 2.2 (2.2) NR

Table 1 Phase 2 clinical trials with alkylating agents in metastatic chemorefractory colorectal cancer

1Median PFS for MGMT-m patients was not reported, but hazard ratio for progression between methylated and non-methylated patients was 0.66 (95%CI: 
0.40-1.10), P = 0.0982; 2The study enrolled 86 patients with MGMT-m metastatic CRC (Mcrc), esophageal, head and neck and non small cell lung cancer; 
this table reports data of patients with mCRC only; 3Only MGMT-m patients were enrolled in the study; 4Preliminary results. DTIC: Dacarbazine; TMZ: 
Temozolomide; RR: Response rate; DCR: Disease control rate; PFS: Progression-free survival; OS: Overall survival; MGMT-m: MGMT-methylated; NR: Not 
reported.
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TMZ in molecularly selected patients with MGMT meth-
ylation-positive, chemorefractory mCRC (Table 1). The 
good safety profile of  dose-dense TMZ, as well as the 
response rate obtained in the RAS mutant population, are 
promising and warrant further prospective randomized 
confirmation.

There is a strong rationale for combining TMZ with 
fluoropyrimidines, based on preclinical data in slow-
growing carcinoid cell line. It was found that TMZ and 
5-FU have synergistic activity in a schedule-dependent 
manner in which 5-FU exposure preceded TMZ by 5–
7 d with maximal synergism at 9 d. When the two agents 
were delivered concomitantly or if  TMZ preceded 5-FU, 
in vitro cytotoxicity was additive but not synergistic. From 
these translational studies, researchers from the Columbia 
university formulated the CAPTEM regimen using TMZ 
for 5 d at 150-200 mg/m2 per day refracted in a BID dos-
ing on days 10-14 and capecitabine 750 mg/m2 BID on 
days 1-14 of  a 28-d-cycle[27]. The TMZ was given twice-
a-day instead of  the standard daily dosing because the 
first dose binds MGMT, thus allowing the second dose 
to methylate guanines in presence of  a decreased repair 
activity of  MGMT[17,28]. Given the potential synergy of  
CAPTEM combination in mCRC, we planned a random-
ized phase Ⅱ study of  second-line CAPTEM vs FOLFIRI 
after failure of  prior first-line oxaliplatin-based treatment 
in patients with advanced, MGMT methylated, RAS 
mutated CRC (Eudract n 2014-002417-36). The primary 
objective of  the study is to demonstrate the superiority of  
CAPTEM over standard FOLFIRI in terms of  PFS; sec-
ondary endpoints are response rate, safety, quality of  life, 
OS, with an exploratory biomarkers sub-study.

In conclusion, there is growing evidence that MGMT 
methylation status may serve as a predictive biomarker of  
response to TMZ in mCRC. TMZ is a promising agent 
for the treatment of  MGMT-methylated mCRC, and 
the future research should establish the best schedule of  
TMZ and should also investigate how to integrate TMZ 
with the current available therapeutic options for mCRC, 
whether as single agent in chemorefractory patients or 
in combination with other active drugs in first or second 
line. The combination of  TMZ with fluoropyrimidines is 
based on a strong rationale and is currently being inves-
tigated, but also the combination of  TMZ with irinote-
can[29] has been proven to be feasible and it may deserve 
evaluation in mCRC. TMZ-containing chemotherapy may 
also provide an interesting backbone for the addition of  
biologic agents. However, the identification of  additional 
biomarkers is a priority for future research, in order to 
select individual patients who may benefit the most from 
alkylating agents.
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Abstract
Necrosis of pancreatic parenchyma or extrapancreatic 
tissues is present in 10%-20% of patients with acute 
pancreatitis, defining the necrotizing presentation fre-
quently associated with high morbidity and mortality 
rates. During the initial phase of acute necrotizing pan-
creatitis the most important pillars of medical treatment 
are fluid resuscitation, early enteral nutrition, endo-
scopic retrograde colangiopancreatography if associ-
ated cholangitis and intensive care unit support. When 
infection of pancreatic or extrapancreatic necrosis oc-
curs, surgical approach constitutes the most accepted 
therapeutic option. In this context, we have recently 
assited to changes in time for surgery (delaying the in-
dication if possible to around 4 wk to deal with “walled-
off” necrosis) and type of access for necrosectomy: 
from a classical open approach (with closure over 
large-bore drains for continued postoperative lavage or 
semiopen techniques with scheduled relaparotomies), 
trends have changed to a “step-up” philosophy with 
initial percutaneous drainage and posterior minimally 
invasive or endoscopic access to the retroperitoneal 
cavity for necrosectomy if no improvement has been 
previously achieved. These approaches are progres-

sively gaining popularity and morbidity and mortality 
rates have decreased significantly. Therefore, a staged, 
multidisciplinary, step-up approach with minimally in-
vasive or endoscopic access for necrosectomy is widely 
accepted nowadays for management of pancreatic ne-
crosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Necrotizing pancreatitis; 
Surgery; Open necrosectomy; Minimal access retroperi-
toneal pancreatic necrosectomy; Video-assisted retro-
peritoneal debridement

Core tip: We have recently assisted to a significant 
change in surgical approach to acute pancreatitis. In-
fection continues as the most important pillar where 
surgical indication is established. Nevertheless, from an 
early consideration for surgery frequently performed by 
classical open approach, today we have moved to delay 
the indication and the procedure as much as possible 
with step-up philosophies trying to deal with “walled-
off” necrosis and considering minimally invasive access 
like video-assisted retroperitoneal or endoscopic. In this 
paper, most recent therapeutic trends for acute necro-
tizing pancreatitis are reviewed.

Aranda-Narváez JM, González-Sánchez AJ, Montiel-Casado MC, 
Titos-García A, Santoyo-Santoyo J. Acute necrotizing pancreati-
tis: Surgical indications and technical procedures. World J Clin 
Cases 2014; 2(12): 840-845  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i12/840.htm  DOI: http://dx.doi.
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INTRODUCTION
Gallstones and alcohol are still the most frequent causes 
of  Acute Pancreatitis (AP), a disease with an increasing 
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incidence in recent decades. Diagnosis is based on the 
presence of  two of  the following criteria: (1) characteris-
tic upper abdominal pain radiating in a belt-shaped fash-
ion; (2) amylase or lipase values three times above normal 
levels; and (3) demonstrative radiologic imaging.

Due to the confusion created by certain terminology 
derived from the Atlanta classification of  AP, a recent 
revision of  the terminology has been developed from an 
International Consensus, which currently constitutes the 
reference of  the conceptual definition of  AP (Table 1). 
AP is classified into its two forms of  presentation (Inter-
stitial Edematous Pancreatitis and Necrotizing Pancreati-
tis), and according to the severity of  the clinical course 
(mild, moderate and severe). Most AP episodes occur as 
an interstitial edematous form (80%-90%), usually associ-
ated to a mild clinical course, while more clinical severity 
is frequently associated to the characteristic that defines 
acute necrotizing pancreatitis (ANP): necrosis, pancreatic 
or peripancreatic, or a mix of  both[1,2]. 

Local complications associated to the edematous 
form are defined depending on whether they have or not 
a well-defined wall and on the time of  their arising. Acute 
fluid collections arise within the first 4 wk of  the clinical 
course and lack a well-defined wall, while pseudocysts 
are circumscribed fluid collections that occur more than 
4 wk after the onset of  AP and have a well-defined wall. 
These complications are out of  the scope of  the current 
revision, since their surgical management is not neces-
sary or it is included among elective treatments. On the 
other part, necrotizing forms may be associated to acute 
necrotic collections (intra- or extra-pancreatic solid-liquid 
heterogeneous collection with no defined wall, diagnosed 
during the first 4 wk of  the clinical course) or walled-off  
necrosis (with similar characteristics but with well-defined 
wall and with a later diagnosis, above 4 wk). This later 
concept gathers all previous terms (necroma, pancreatic 
sequestrum, subacute pancreatic necrosis or pancreatic 
pseudocyst with necrosis) into a common terminol-
ogy. Other local complications associated to AP include 
splenic/portal thrombosis, colon necrosis, retroperitoneal 
hemorrhage or delayed gastric emptying[1,2].

Physiopathologically, two events may determine the 
severity of  the clinical course. The first of  them is the 
associated Systemic Inflammatory Response Syndrome 

(SIRS), which involves a complex inflammatory cascade, 
which can finally cause the characteristic single- or mul-
tiorgan failure. Respiratory, renal and cardiovascular are 
the most frequent organic failures associated to AP. The 
second event is infection of  necrosis, which is usually as-
sociated to phenomena of  bacteria translocation. Both 
events constitute critical factors determining the clinical 
course of  AP and they establish even the current indica-
tions for surgery in AP; thus, they will be expounded in 
detail later on[3].

SURGICAL IMPLICATIONS DURING THE 
FIRST WEEK
During the first week after the onset of  AP, treatment is 
medical. Frequently, surgeons on duty are called to evalu-
ate patients with AP without response to medical treat-
ment during the initial phase of  the disease. For decision 
making in this context it must be assumed that the reason 
for lack of  response in these patients is based more in the 
presence and progression of  SIRS than in the potential 
necrosis or pancreatic infection. Thus, surgery is not indi-
cated during this phase, unless a suspicion of  ischemia or 
perforation as a secondary complication arises. Surgery 
during this first phase aggravates the multiorgan failure 
and results in a greater rate of  complications, such as in-
testinal hemorrhage or fistula[4]. 

In this phase, fluid resuscitation is essential during the 
first 12-24 h, having to be reduced later on trying to avoid 
intra abdominal hypertension (IAH), frequently associ-
ated to AP. A recent review could not find any difference 
between fluid resuscitation with colloid or crystalloid so-
lutions[5]. Prophylactic antibiotics are not indicated, since 
they have not shown a clear benefit in previous studies 
and metaanalysis, and thus, they should not be used until 
an associated infection is clearly demonstrated[4]. Early (on 
the first 72 h) Endoscopic Retrograde Cholangiopancrea-
tography has not shown benefits when performed sys-
tematically in AP in the absence of  cholangitis, although 
an ongoing clinical trial is analyzing this approach again 
(APEC trial; ISRCTN97372133). However, in presence 
of  bile duct obstruction it is clearly indicated[6]. 

During this first week, surgeons are occasionally re-
quested to evaluate patients with AP and IAH, present 
in 61% of  episodes of  AP. IAH is the precursor of  the 
Abdominal Compartment Syndrome (ACS) and, thus, of  
multiorgan failure. Although the beneficial effect of  de-
compression to alleviate ACS is clear in other situations, 
in AP the ACS seems to be closer related to massive re-
suscitation, ascites or retroperitoneal fluid accumulation 
and, thus, treatment strategies with decompressive lapa-
rotomy have not shown a clear benefit in terms of  mor-
bidity and mortality. Currently, management strategies for 
AP-associated ACS are directed towards medical support 
(negative fluid balance, enteral decompression, pharma-
cological increase of  the abdominal wall compliance) and 
even towards percutaneous drainage of  fluid collections 
(with a related ongoing clinical trial, the DECOMPRESS 
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  Types

     Interstitial edematous Inflammation of pancreatic parenchyma and 
peripancreatic tissue, without necrosis

     Necrotizing Inflammation with pancreatic parenchymal 
and/or peripancreatic necrosis

  Grades of severity
     Mild No organ failure

Lack of local or systemic complications
     Moderate Transient organ failure (< 48 h) and/or

Local or systemic complications without 
persistent organ failure

     Severe Persistent single or multiple organ failure 
(> 48 h)

Table 1  Revised definitions of acute pancreatitis (2012)[1,2]



Study; ClinicalTrials.gov NCT00793715). In case abdomi-
nal surgical decompression had to be performed during 
this first phase, in absence of  infected necrosis, the retro-
peritoneum should not be opened[4].

SURGICAL IMPLICATIONS AFTER THE 
FIRST WEEK
This is the moment to consider the necessity and indica-
tion for surgery of  the pancreatic necrosis, on which we 
will expound extensively. Other local complications may 
occur at this phase but they are much less frequent and 
will be mentioned at the end of  the chapter.

SURGERY FOR PANCREATIC NECROSIS
Indications
Most common indications for surgery of  pancreatic ne-
crosis are the following: (1) infection. It is a rare event 
during the first week of  clinical course. The diagnosis is 
based on the association of  sepsis signs with compatible 
radiologic imaging (extraluminal air in intra- or extra-
pancreatic necrotic areas in CT imaging) and on the oc-
casional support of  vascular radiologists with percutane-
ous fine-needle aspiration for Gram staining and culture. 
There is universal consensus that a need for therapeutic 
action exists; (2) single- or multiorgan failure. Organ 
failure is classified as transient or persistent based on 
whether it lasts less or more than 48 h, respectively. The 
most recommended system for its definition (even above 
the Sepsis-related Organ Failure Assessment -SOFA-) is 
the Marshall score[7] (Table 2), which is easy and repeat-
able along the clinical course of  AP. It evaluates the three 
most commonly SIRS-affected systems (respiratory, renal 
and cardiovascular) and defines organ failure as a score 
of  2 or more.

A persistent single- or multiorgan failure refractory to 
support treatment may constitute an indication for sur-
gery. Numerous studies have shown that in this context, 
oppositely to what happens when infection constitutes 
the indication for surgery, necrosectomy does not pro-
vide a significant benefit regarding mortality, and thus, 
it must be considered as the last resource in a patient in 
whom maximum medical support does not result in clear 
improvement. We can assert the same statements when 
surgical indication is established on a patient with ANP 
with no clinical improvement after 4-6 wk of  intensive 
medical treatment.

We must consider that the indication for surgery in 
the context of  AP must derive more from the need to 
control complications than from the inflammatory pro-

cess itself. Regarding this, every necrotic and infected 
tissue must be removed, and pus drained. Material viscos-
ity, as well as the number and localizations of  potentially 
drainable regions constitute determining factors for the 
selection of  the best therapeutic approach. Morbidity as-
sociated to pancreatic debridement includes pancreatic 
fistula (50%), endo- and exocrine pancreatic failure (20%), 
intestinal fistula (10%) and the common prolonged hos-
pitalization and delay in the incorporation to daily life 
activities[3,4].

It is important to underline some important concepts 
before describing the different surgical options: (1) de-
bridement is preferred over resection for two reasons: 
first, as an attempt to conserve the maximum quantity of  
functional pancreatic tissue, and second, due to the fre-
quent technical impossibility of  pancreatic resection and 
its associated morbidity in the context of  AP[3,4]; (2) un-
less evident infection of  necrosis exists, survival improves 
as the surgical indication gets delayed. The best results 
are obtained when the indication may be delayed up to 
one month after the onset of  the clinical symptoms. A 
better demarcation of  necrosis (conversion to “walled-
off ” pancreatic necrosis) involves less bleeding and less 
removal of  viable tissues[3,4]; and (3) Two different phi-
losophies define the timing of  the surgical approach for 
a patient with AP. “Step-down” consists on the classical 
immediate surgical approach when there is an established 
indication, and, later on, a more conservative treatment 
for the residual disease. However, there is a trend in the 
most recent medical literature towards a “step-up” type 
of  concept, where more conservative procedures (percu-
taneous, laparoscopic or endoscopic procedures) consti-
tute the initial treatment of  patients with ANP and a final 
technique is performed later on if  necessary, based on 
poor clinical evolution[8].

Options
Open necrosectomy: Open necrosectomy (ON) was 
considered as the gold standard treatment for decades, 
and it was usually associated to a therapeutic “step-down” 
type of  approach. Classical ON consists on debridement 
of  the necrotic pancreatic tissue through a midline or 
subcostal bilateral incision and the access to the pancreat-
ic area through the lesser sac, the gastrocolic omentum or 
by a transmesenteric access through the transverse meso-
colon, depending on necrosis extension and localization. 
Once the necrosectomy has been performed, the options 
are: (1) usual closure over drains and relaparotomy de-
pending on clinical course; (2) scheduled laparotomies, 
usually every 48 h, until debridement has been complet-
ed. Open abdomen techniques are recommended if  this 
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  Organ system 0 1 2 3 4

  Respiratory (PaO2/FiO2) > 400 300-400 200-300 100-200 < 100
  Renal (Creatinine, mg/dL) < 1.4 1.4-1.8 1.8-3.6 3.6-5 > 5
  Cardiovascular (mmHg) > 90 < 90, fluid responsive < 90, not fluid responsive < 90, pH < 7.3 < 90, pH < 7.2

Table 2  Modified Marshall scoring system for organ or multiorgan failure[2,7]
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approach is selected, but scheduled laparotomies closing 
the abdomen after each revision have also been reported; 
and (3) closed technique with abdominal closure over la-
vage system with large-bore drains in the pancreatic area.

The last one constitutes the most recommended op-
tion based on a mortality < 10%, significantly inferior to 
those associated to the rest of  the techniques. Neverthe-
less, an effective comparison between the different meth-
ods is difficult because of  the heterogeneity of  patients 
and surgeons[3,4,9].

Percutaneous drainage: Several series of  patients have 
reported that management of  infected pancreatic necro-
sis with percutaneous drainage (PD) obtains a high suc-
cess rate and mortality similar to that of  ON treatment. 
In a systematic review[10], the success rate of  PD (defined 
as survival with no need for additional surgical necro-
sectomy) was 55%, mortality 17% and morbidity 21%, 
showing pancreaticocutaneous and pancreaticoenteric 
fistulas as the most frequent complications associated to 
the procedure. Although PD constitutes a tempting and 
efficient therapeutic alternative as a minimally aggressive 
approach, the truth is that frequently success depends 
on the availability of  large caliber catheters and often re-
peated procedures are needed. For selected patients, like 
those with AP and easily accessible single infected necro-
sis, or as a transient step to surgery in unstable patients, 
this therapeutic option must be considered. However, PD 
is not accepted as a useful tool when an extensive necro-
sectomy is needed[3,4,9].

Endoscopic approach: A promising approach for 
pancreatic necrosis is the transgastric or transduodenal 
endoscopic approach (EA) under direct vision or with 
ultrasound support. Very diverse types of  instruments 
are later used to maintain opened the communication 
between the digestive lumen and the necrosis and to 
perform the necrosectomy, and frequently repeated pro-
cedures are needed. Several series have reported promis-
ing results with EA, some as important as the German 
multicenter GEPARD Study[11] with 93 patients, 81% of  
clinical success and only 7.5% mortality. The results of  
EA for necrotizing AP have been recently summarized 
in a systematic review[12], which reports a success rate of  
75% on 260 patients; however, it must be pointed out 
that data derive from non-randomized studies on selected 
patients in reference centers. 

Laparoscopic approach: Laparoscopic approach (LA) 
for ANP may result particularly attractive because of  its 
potential of  obtaining all the advantages of  a minimally 
invasive approach while maintaining access to the whole 
abdominal cavity (perirenal and retroduodenal spaces and 
mesenteric root, as well as both paracolic gutters) and the 
technical possibility of  indicating additional techniques 
(cholecystectomy or jejunostomy). However, the exten-
sion of  LA in ANP among professionals is still scarce, 
since its advantages are overpassed by its limitations: 
infection dissemination, need for pneumoperitoneum in 

unstable patients, or the possibility of  iatrogenic intestinal 
perforations. Published series of  patients have a scarce 
number of  cases and it is still soon to recommend this 
approach[3,4]. 

Retroperitoneal approach: It constitutes the maximum 
example of  Minimally Invasive Necrosectomy. Retro-
peritoneal approach (RA) of  the necrosis is performed 
through small incisions and the use of  endoscopic mate-
rial, guided by a percutaneous drainage previously and 
strategically indicated, placed laterally, avoiding access to 
the abdominal cavity and providing all the advantages 
of  the minimally invasive approach. Diverse methods 
for its performance have been described but the most 
widely accepted are Minimal Access Retroperitoneal 
Pancreatic Necrosectomy (MARPN) and Video-Assisted 
Retroperitoneal Debridement (VARD) (Figure 1). This 
last one consists in the introduction of  a laparoscopic 
camera, through a 5 cm incision, and after the first liquid 
and solid debris have been removed a vigorous debride-
ment of  the necrotic cavity may be performed with the 
maintenance of  a low-pressure pneumoperitoneum. The 
number of  repeated necrosectomies needed later on is 
significantly lower with VARD than with MARPN.

In a systematic review, incidence of  multiorgan fail-
ure, incisional hernia and endo- and exocrine failure 
was significantly lower with RA than with ON, although 
mortality was similar and no differences were observed 
regarding local complications, such as intraabdominal 
bleeding or pancreatic fistula[13]. 

Combined approaches with “step-up” philosophy: 
Probably, management of  pancreatic necrosis in an im-
mediate future will not be based only in one of  the meth-
ods already mentioned. A combination of  them with a 
decision making based on characteristics of  the patient, 
necrosis grade, extension and localization will be the key 
for defining the best therapeutic option in ANP. The 
most illustrative of  these approaches is the Dutch PANT-
ER[14] (PAncreatitis, Necrosectomy vs sTEp up appRoach) 
study, a randomized, multicenter, clinical trial in which 88 
patients with necrotizing AP who met inclusion criteria, 
and in whom the need to perform an invasive procedure 
was established (delayed whenever as possible up to 4 wk 
from the onset of  the clinical symptoms) were divided 
into two groups: 45 with ON and 43 with “step-up” type 
minimally invasive approach. Such an approach consisted 
in placing a percutaneous drainage as the first step (40 
retroperitoneal, 1 abdominal and 2 endoscopic), assessing 
the placement of  a second drainage or the performance 
of  RA in the absence of  improvement after 72 h, based 
on clinical and radiologic findings. The morbi-mortality 
rate of  the “step-up” type of  approach was significantly 
lower than that of  the ON group (40% vs 69%, P < 0.006), 
and so was the multiorganic failure (12% vs 40%, P < 
0.002). In addition, it was defined that more than 30% of  
patients in the “step-up” group did not need necrosec-
tomy after the percutaneous or endoscopic drainage.

On the same line of  therapeutic combination, the on-
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going TENSION study (ISRCTN 09186711) randomizes 
98 patients with ANP to receive step-up type endoscopic 
approach vs surgical approach.

OTHER SURGICAL INDICATIONS
Disruptions of  the main pancreatic duct may derive in 
internal or external fistulas, pancreatic ascites or pleural ef-
fusion. Treatment constitutes an important challenge and, 
depending on location and clinical manifestation, it can 
require from PD as the only procedure up to pancreatic re-
section or Roux-en-Y derivation for what is called the Dis-
connected Pancreatic Duct Syndrome, although a CPRE 
approach and transpapillar drainage is usually sufficient[3].

Vascular complications occur in 2.4%-10% of  pa-
tients with AP, and they derive from bleeding into the 
peritoneal cavity or into the gastrointestinal tract from 
pseudoaneurysms of  vessels close to the inflammatory 

process, such as the gastroduodenal or pancreaticoduo-
denal arteries. Nowadays, embolization is the therapeutic 
method of  choice[3,4].

Colonic complications associated with pancreatitis are 
infrequent (1% of  cases). From reactive ileus to most se-
vere forms with obstruction, necrosis or perforation are 
associated to poor prognosis and mortality increase. For 
the majority of  cases, resection with proximal ostomy 
and mucous fistula constitutes the treatment for these 
complications.

Maybe out of  the emergency context but of  necessary 
mention, it must be underlined that there is an indication 
for cholecystectomy in the first admission after the first 
mild gallstones pancreatitis. A systematic review reported 
up to 18% readmissions in patients with mild AP if  an 
early cholecystectomy is not indicated and performed[15]. 
In severe AP, however, cholecystectomy should be de-
ferred until complete resolution of  inflammation[16].

CONCLUSION
In recent years we have witnessed a change in the man-
agement of  patients with ANP: from a prematurely in-
dicated surgery, performed open, we are moving to less 
aggressive procedures, indicated later and with “step-up” 
strategies, performing first PD, preferably retroperitoneal, 
and continuing with surgical (considering new access 
routes) or endoscopic necrosectomy in case of  absence 
of  improvement. These concepts require a multidisci-
plinary approach to ANP with implication of  surgeons, 
gastroenterologists, radiologists, and intensive care unit 
doctors, and the need for contemplating the referral of  
patients to reference centers when the needed logistic 
is not available. Trauma and Emergency Surgery Units 
in the Departments of  General and Digestive Surgery 
constitute, thus, the ideal setting for the early diagnosis, 
indication, intervention and follow-up of  these patients.
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Abstract
Laparoscopy is one of the most frequently preferred 
surgical options in gynecological surgery and has ad-
vantages over laparotomy, including smaller surgical 
scars, faster recovery, less pain and earlier return of 
bowel functions. Generally, it is also accepted as safe 
and effective and patients tolerate it well. However, it 
is still an intra-abdominal procedure and has the simi-
lar potential risks of laparotomy, including injury of a 
vital structure, bleeding and infection. Besides the well-
known risks of open surgery, laparoscopy also has its 
own unique risks related to abdominal access methods, 
pneumoperitoneum created to provide adequate op-
erative space and the energy modalities used during 
the procedures. Bowel, bladder or major blood vessel 
injuries and passage of gas into the intravascular space 
may result from laparoscopic surgical technique. In ad-
dition, the risks of aspiration, respiratory dysfunction 
and cardiovascular dysfunction increase during laparos-
copy. Large bowel injuries during laparoscopy are seri-
ous complications because 50% of bowel injuries and 
60% of visceral injuries are undiagnosed at the time 
of primary surgery. A missed or delayed diagnosis in-
creases the risk of bowel perforation and consequently 

sepsis and even death. In this paper, we aim to focus 
on large bowel injuries that happen during gynecologi-
cal laparoscopy and review their diagnostic and man-
agement options.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colon; Gynecology; Intraoperative compli-
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Core tip: Large bowel injury during laparoscopy is a se-
rious complication because 50% and 66% of bowel and 
visceral injuries are undiagnosed at the time of primary 
surgery. A missed or delayed diagnosis increases the 
risk of bowel perforation and consequently sepsis and 
death.

Ülker K, Anuk T, Bozkurt M, Karasu Y. Large bowel injuries dur-
ing gynecological laparoscopy. World J Clin Cases 2014; 2(12): 
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full/v2/i12/846.htm  DOI: http://dx.doi.org/10.12998/wjcc.
v2.i12.846

INTRODUCTION
Four decades ago, laparoscopic surgery was being per-
formed by a limited number of  surgeons and most of  
the procedures were limited to diagnostic laparoscopy 
and tubal sterilization. However, through the years lapa-
roscopy has evolved and become one of  the major man-
agement choices for many surgical diseases. Cameras and 
hand instruments with improved visual quality and better 
manipulation capabilities, respectively, along with the ac-
cumulation of  the data obtained from previous studies 
and case reports have contributed to the evolvement of  
laparoscopy.

Today, laparoscopy is one of  the most frequently 
preferred surgical options in gynecological surgery. In 
the United States, roughly 350000 bilateral tubal steriliza-
tions and 200000 hysterectomies are performed using 
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laparoscopy each year. The popularity of  laparoscopy 
has increased around the world and many gynecologists, 
including inexperienced and junior surgeons in training, 
have begun to perform laparoscopic procedures. Thus, 
the number of  patients prone to complications during 
laparoscopy has increased[1].

Laparoscopy has advantages over laparotomy, includ-
ing smaller surgical scars, faster recovery from surgery, 
less pain and earlier return of  bowel functions. Generally, 
it is also accepted as safe and effective and patients toler-
ate it well[2]. However, it is still an intra-abdominal pro-
cedure and has the similar potential risks of  laparotomy, 
including injury of  a vital structure, bleeding and infec-
tion[3-6]. Intra and postoperative complications are below 
1% and 4 to 8 patients are lost per 100000 laparoscopic 
procedures.

Besides the well-known risks of  open surgery, laparos-
copy also has its own unique risks related to abdominal 
access methods, pneumoperitoneum created to provide 
adequate operative space and the energy modalities used 
during the procedures. Bowel, bladder or major blood ves-
sel injuries and passage of  gas into the intravascular space 
may result from laparoscopic surgical technique. In addi-
tion, the risks of  aspiration, respiratory dysfunction and 
cardiovascular dysfunction increase during laparoscopy[5-9]. 
Blood loss is generally lower than in open surgery; how-
ever, in some cases, massive blood loss necessitates imme-
diate laparotomy.

Because of  its advantages over laparotomy, such as 
less pain, hospital stay and recovery time, laparoscopy 
is generally perceived as a minor surgical procedure by 
patients. Thus, the medico legal aspects of  the compli-
cations of  laparoscopy are prone to exaggeration. In 
order to minimize complications and their unavoidable 
consequences, surgeons should learn the probable com-
plications and their management. In this paper, we aim 
to focus on large bowel injuries that happen during gy-
necological laparoscopy and review their diagnostic and 
management options.

CLASSIFICATION, EPIDEMIOLOGY AND 
RISK FACTORS 
Complications related to laparoscopic surgery can occur 
during either intra or postoperative phases. Intraoperative 
complications can further be divided into complications 
of  access and complications of  the operative procedure. 
More than half  of  complications occur at the setting up 
phase, particularly during the creation of  the abdominal 
access pathways necessary for the telescope and tro-
cars[10,11].

The complication rate during the placement of  the 
initial abdominal access port is less than 1%. Complica-
tions following the initial access are also rare. In contrast, 
port site hernia as a late complication can affect 6% of  
patients[12-14]. Although rare, severe complications includ-
ing vascular and bowel injuries, may cause serious mor-
bidity and even result in the death of  the patient.

The study conducted by Chandler et al[10] in 2001 
showed that the incidence of  injury during abdominal 
access varied between 5 and 30 per 10000 procedures. 
Large bowel was the third most frequent injury site after 
the small bowel and iliac artery, with 12% of  all injuries at 
the large bowel. In their review published in 2012, Jansen 
et al[15] reported that access related bowel injury was seen 
in 4.4 per 10000 gynecological procedures. In addition, 
Hasson’s open abdominal access technique did not sig-
nificantly lower the complication rates compared to the 
closed technique.

Bhoyrul et al[16] studied 32 deaths following 629 trocar 
injuries and found that six patients died following bowel 
injury. Delay in the diagnosis of  gastrointestinal perfora-
tion resulted in a mortality rate of  21%.

A history of  previous intra-abdominal surgery, verti-
cal incision, endometriosis and pelvic infection increases 
the risk of  bowel injury. Extensive bowel distension 
obscuring the operative field, large abdominal or pelvic 
mass (in the case of  hysterectomy, uterine size over 500 g) 
and diaphragmatic hernia increase the risk of  complica-
tions. In addition, major operative laparoscopy, extensive 
adhesiolysis and concomitant major surgery are the other 
factors that increase the risk of  complications. Moreover, 
surgeon experience and the type and the difficulty of  the 
cases also contribute to complication rates[17-21].

LARGE BOWEL INJURIES DURING THE 
SETTING UP PHASE OF GYNECOLOGICAL 
LAPAROSCOPY
Bowel injury may be encountered at any stage of  lapa-
roscopic surgery, beginning from abdominal access until 
the end of  port site closure. It is the third most frequent 
mortal complication of  laparoscopy, following anesthesia 
and major vessel injuries[22]. Gastrointestinal tract injury 
during laparoscopy ranged between 0.03 and 0.18%[6,23-26] 
and its incidence was 0.13% in the meta-analysis per-
formed by van der Voort et al[27].

Before the study performed by Levy et al[28], energy 
modalities used in laparoscopic surgery were mistakenly 
considered to be the leading cause of  gastrointestinal in-
juries. However, 30% to 50% of  the bowel injuries occur 
during Veress needle or trocar insertion into the abdomi-
nal cavity[6,11,29-31]. Gastrointestinal injuries occur more 
often at the small bowel; however, other intra-abdominal 
organs, including the large bowel and stomach, may also 
be injured. Preoperative bowel preparation and decom-
pression of  the stomach with an orogastric or nasogastric 
tube may prevent potential injuries occurring during ab-
dominal access.

In the retrospective case review study conducted by 
Chapron et al[5], 32.1% of  the gastrointestinal injuries oc-
curred during the initial set up procedure. Pneumoperito-
neum needle, umbilical trocar and suprapubic trocar were 
isolated as the causes of  injuries in 10.7%, 16.1% and 
5.3% of  the cases, respectively. Of  the 62 gastrointestinal 
injuries of  the 56 patients, 57.2% occurred during the 
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operative phase of  the procedure, and electrosurgery and 
sharp dissection were the causes of  injuries with the rates 
of  10.7% and 46.5%, respectively. The authors could not 
define whether the injuries occurred during initial set up 
or operative phases in 10.7% of  the cases.

Of  the 62 gastrointestinal injuries of  the 56 patients 
reviewed by Chapron et al[5], 30 (48.4%) injuries involving 
the large intestine had the highest frequency and were 
followed by the 21 (33.9%) small bowel and 10 (16.1%) 
epiploon injuries. Of  the 30 large bowel injuries, 18 inju-
ries were at the sigmoid colon, followed by four cecum, 
four rectum and four colon injuries.

It is not clear whether the frequency of  bowel injury 
during abdominal access is affected by the complexity of  
the operative phase. Some studies reported higher rates of  
bowel injury during access in diagnostic laparoscopy and 
laparoscopic tubal sterilizations[30], in contrast to others re-
porting higher injury rates in major laparoscopic surgeries[6].

The surgeon’s experience affects the rate of  injury; 
however, the frequency of  injuries during abdominal 
access is still high for more experienced surgeons[32]. De-
pending on the fact, investigators are trying to improve 
the outcomes of  abdominal access during laparoscopy by 
using various access techniques. Blind Veress introduc-
tion followed by pneumoperitoneum and the primary 
trocar, direct trocar insertion and open access techniques 
are examples. In addition, investigators are trying to 
improve the already known techniques. As an example, 
in their recently published study, Ozdemir et al[33] used  
umbilical stalk elevation (USE) technique to improve the 
success rate of  Veress needle insertion in obese patients 
and concluded that the USE technique seemed safe and 
required a significantly fewer number of  attempts to cre-
ate pneumoperitoneum.

Excellency in Veress needle and trocar use may 
prevent some major complications. Although wiggling 
of  the needle movements to ascertain intra-abdominal 
entry may enlarge the diameter of  an injury[32], the cor-
rect placement of  the needle is usually checked by most 
surgeons. In addition to the classical safety checks, foul 
smell, observation of  the gastrointestinal contents and 
asymmetrical abdominal distention due to insufflation of  
the bowel should raise the suspicion of  bowel injury[34]. 
Moreover, passage of  flatus may be a sign of  intra-intes-
tinal insufflation.

Although Hasson’s open technique did not lower the 
total complication rates, theoretically open techniques 
may decrease the risk of  life threatening major vascular 
injuries during abdominal access. In addition, the chance 
of  an earlier diagnosis is higher. In contrast to the theo-
retical advantages of  an open technique, there are articles 
reporting a higher incidence of  bowel injury with an 
open technique[29,35,36]. However, many surgeons prefer 
open access techniques for patients with anticipated risks. 
Thus, in order to avoid selection bias, final judgment will 
be appropriate after randomized prospective studies.  

 In addition to their theoretical advantages, open 
techniques are also used during gasless laparoscopies and 
may help in lowering the CO2 related risks of  laparo-

scopic surgery. Thus, gasless laparoscopy may decrease 
some risks of  laparoscopic surgery that occur during ab-
dominal access. In our practice, we have experienced the 
single incision, gasless technique called keyless abdominal 
rope-lifting surgery (KARS)[37-40] and did not observe any 
internal organ injury. However, among the various access 
techniques, the best probably is the one in which the sur-
geon has more experience and advanced skills.

LARGE BOWEL INJURIES DURING THE 
OPERATIVE PHASE OF GYNECOLOGICAL 
LAPAROSCOPY
During the operative phase of  laparoscopy, bowel injury 
may occur as a result of  trauma secondary to tissue dis-
section and manipulation or electrosurgical energy use. It 
is a serious complication because 50% and 66% of  bowel 
or visceral injuries are undiagnosed at the time of  prima-
ry surgery[41]. A missed or delayed diagnosis increases the 
risk of  bowel perforation and consequently sepsis, and 
even death[6].

In the study conducted by Chapron et al[5], of  the 56 
patients suffering from gastrointestinal injury, 32 had 
injuries at the operative phase of  the procedures and 26  
injuries were due to sharp dissections. Thus, experienced 
surgeons with advanced surgical skills are expected to 
have lower complication rates. Not surprisingly, experi-
ence significantly decreases the complication rates of  the 
operative phase and the surgeon’s advanced skills in fine 
adhesiolysis also decreases the complication rates[6].

Brummer et al[42] compared the incidence of  injuries 
of  laparoscopy performed between 1992 and 1999 with 
the injury incidence of  2000 and 2005, emphasizing the 
importance of  the learning curve in laparoscopic and 
vaginal hysterectomies. The incidence of  all kinds of  
injuries was significantly lower between 2000 and 2005. 
Similarly, bowel injuries during laparoscopic hysterecto-
mies decreased from 0.14% to 0.09% during the same 
period and large bowel injuries involved half  of  all bowel 
injuries[42]. The use of  proper hand instruments while 
manipulating and dissecting the tissues may decrease the 
injury rates. 

The use of  electrosurgical energy during operative 
laparoscopy causes injury of  the target tissue. The in-
jured tissue may become necrotic or heal slowly during 
the postoperative period[43]. In addition to the target tis-
sue, increased local temperature may cause injury of  the 
nearby vital structures, e.g., the large bowel. Thus, the 
surgeon should be familiar with the used energy modality. 
A monopolar current travels through the tissues of  the 
patient; however, a bipolar current passes between the two 
electrodes of  the instrument and thus influences only the 
tissue between electrodes.

Monopolar energy causes more lateral thermal spread 
and produces the highest temperatures compared to 
bipolar electrocautery, the Harmonic scalpel and LigaS-
ure[44]. The degree of  lateral thermal spread varies with 
various energy modalities and is as follows: 2-22 mm for 
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traditional bipolar, 0-3 mm for ultrasonic cutting and 
coagulation, 1.1 mm for the Enseal, 1.8 mm for LigaSure 
and 6.3 mm for Gyrus Plasma Trissector[45-48]. In addition, 
the monopolar electrosurgical instrument insulating layer 
is not foolproof  and the current may spread to the adja-
cent tissue[49]. Thus, in a case where the operative field is 
close to the bowel, the risk of  bowel injury increases and 
the unnoticed injury may present postoperatively.

PREVENTION, DIAGNOSIS AND 
MANAGEMENT
Most gynecologists learn traditional gynecological pro-
cedures during residency; however, they generally gain 
skills required for laparoscopic procedures during their 
postgraduate clinical practice without supervision. The 
learning curve is lengthy and becomes longer with the 
advancement of  new techniques and instruments. The 
complication risk is highest during the initial stages of  a 
surgeon’s laparoscopic experience[50].

A comprehensive preoperative evaluation, proper 
consultations, patient selection and risk assessment help 
lessen the risk of  complications. Besides a gynecologist 
having the required skills for laparoscopic surgery, the 
operating room staff  and assistants should also be prop-
erly trained. The operating room should be ready for an 
emergency laparotomy. The infrastructure required for a 
multidisciplinary surgical approach should be maintained 
during the laparoscopic procedures.

During the initial stages of  the experience of  lapa-
roscopy, it is better for a surgeon to perform minor pro-
cedures. Previous studies reported that the complication 
rates were higher in the first 100 procedures of  surgeons 
beginning to perform laparoscopy.

Sudden and uncontrolled Veress needle and trocar 
entry can lacerate the rectum and sigmoid colon. The 
transverse colon may be displaced by the distended stom-
ach and become vulnerable to injuries. A nasogastric tube 
helps to eliminate this potential risk.

Obliteration of  the pouch of  Douglas and the pres-
ence of  dense adhesions between the rectum and uterus 
increase the chance of  bowel injury. In these circum-
stances, blunt dissection may increase the chance of  rec-
tal laceration and thus sharp dissection with scissors or 
CO2 laser should be preferred. Placement of  a probe or 
finger in both the vagina and the rectum helps to identify 
the tissue planes. Nezhat et al[51] and Redwine[52] advise be-
ginning the dissection lateral to the uterosacral ligaments 
and proceeding toward the obliterated cul-de-sac. In ad-
dition, preoperative bowel preparation may help in cases 
with high risks for bowel injury.

One to two thirds of  bowel injuries can be detected 
intraoperatively[5] and half  of  the injuries can be identi-
fied between first and seventh postoperative days. Most 
patients do not have the typical symptoms of  bowel inju-
ry, such as low-grade fever, nausea, vomiting, ileus, severe 
abdominal pain, leucopenia or a normal leukocyte count, 
and the diagnosis is delayed. Thus, in many cases, patients 

present with peritonitis and the situation increases the 
rates of  morbidity and mortality[10,16]. Sepsis and acute 
abdominal pain are typically observed 1-2 d after surgery.

Brownish fluid in a saline aspiration test may some-
times diagnose large bowel perforation. In addition, fecal 
smell strengthens the suspicion. In cases where the suspi-
cion of  bowel perforation arises, the Veress needle should 
be replaced with a sterile one and the field beneath the 
primary entrance should be examined after the introduc-
tion of  the telescope. Intraoperative sigmoidoscopy may 
be helpful in identifying  the injury site[53]. Recently, in an 
experimental study conducted by Ülker et al[54], insertion 
of  a rectal catheter attached to a urine bag was recom-
mended to identify large bowel injuries. It was suggested 
that the accumulation of  gas in the connected bag would 
signal small and hardly demonstrable large bowel injuries. 
A computerized tomography examination can reveal fe-
cal material outside the large bowel and/or free air in the 
abdominal viscera. Additional imaging work up, including 
imaging with a gastrografin enema, can also help to de-
tect an injury site.

Large bowel injuries should be managed at the time 
when they are recognized, if  possible, at the same opera-
tive section. Small injuries secondary to a Veress needle 
may be managed conservatively with close observation in 
hospital, intravenous hyperalimentation and antibiotics[55]. 
However, 6% of  cases with superficial electrocautery 
bowel injuries require open exploration due to acute per-
foration during the observation period and thus intraop-
erative repair of  the damaged bowel is significantly safer 
and should be performed in every suspicious electrocau-
tery bowel injury.

Most trocar injuries need a primary closure in one or 
two layers. However, larger injuries with an ambiguous 
tissue injury may necessitate colostomy. In these condi-
tions, incorporation of  a general surgeon experienced 
with bowel surgery is advisable. Depending on the skills 
of  the surgical team, bowel repair may be performed 
laparoscopically[56]. Extensive intra-abdominal lavage, use 
of  combined broad-spectrum antibiotics and drainage 
may decrease the infection risk.

Injury at the right ascending colon generally requires 
resection of  the injured section and a primary anastomo-
sis. Ileostomy with diversion of  the intestinal contents 
speeds up healing. In a case where the bowel is not pre-
pared preoperatively and the descending colon, sigmoid 
or rectum is injured, primary closure or resection with 
primary anastomosis are not good treatment options. In 
these circumstances, a diverting colostomy with resection 
of  the injured portion is recommended. Colonic lacera-
tions of  preoperatively prepared bowel can be repaired 
laparoscopically[50].

CONCLUSION
Large bowel injuries during gynecological laparoscopy are 
rare but serious complications. Approximately one third 
can be diagnosed intraoperatively and delayed diagno-
sis increases the rates of  morbidity and mortality. They 
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should be managed immediately when recognized, if  
possible, at the same operative section.
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Abstract
Idiopathic granulomatous mastitis is a rare chronic in-
flammatory lesion of the breast that can clinically and 
radiographically mimic breast carcinoma. The most 
common clinical presentation is an unilateral, discrete 
breast mass, nipple retraction and even a sinus for-
mation often associated with an inflammation of the 
overlying skin. The etiology of idiopathic granuloma-
tous mastitis is still obscure. Its treatment remains 
controversial. The cause may be the autoimmune pro-
cess, infection, a chemical reaction associated with oral 
contraceptive pills, or even lactation. Various factors, 
including hormonal imbalance, autoimmunity, unknown 
microbiological agents, smoking and α 1-antitrypsin de-
ficiency have been suggested to play a role in disease 
aetiology. In this review, causing factors in the aetiol-
ogy of idiopathic granulomatous mastitis are reviewed 
in detail.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Mastitis; Granulomatous mastitis; Idiopathic 
granulomatous mastitis; Granulomatous lobular masti-
tis; Inflammation

Core tip: Aetiology of idiopathic granulomatous mas-
titis has not been fully elucidated. In this article, pos-
sible aetiologic factors mentioned in the literature are 
discussed in detail. Additionally, ethnicity factor which 
is briefly mentioned previously in the literature are de-
tailed.
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INTRODUCTION
Inflammatory events are frequently seen in the breast, and 
its can appear in a manner that clinically mimics malig-
nancy, but they are usually benign. In addition, aetiological 
factors (trauma and breast-feeding) are generally identified 
after a detailed anamnesis. In cases where the aetiology is 
defined, it is easy to practice treatment algorithms start-
ing with “limiting or removing the aetiological factor”. 
In cases where the aetiological factor is unknown, the 
diagnosis, differential diagnosis and treatment steps can 
become more complicated.

Since idiopathic granulomatous mastitis (IGM) was 
defined as a distinct clinical entity among benign breast 
diseases in 1972[1], it has attracted clinicians’ attention, 
particularly those interested in breast diseases.

The differential diagnosis of  IGM with breast cancer 
only clinically without histopathological examination is al-
most impossible. Therefore, presence of  some complaints 
which can be seen in both disease (like palpable breast 
mass, nipple retraction, nipple skin hyperemia, erosion 
and fistula formation) would be more accurate to think 
of  the first diagnosis of  malignancy. In histopathological 
examination, presence of  granulomatous inflammation 
and no malignancy is require performing other tests for 
the aetiology. Failure various factors which may result in 
granulomatous reaction in the breast (tuberculosis, certain 
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parasitic and fungal infections, Wegener’s granulomatosis, 
giant-cell arthritis, polyartheritis nodosum, sarcoidosis, 
foreign body reaction, etc.) will support the diagnosis of  
IGM.

In this article, we discuss factors that may play a role 
in the aetiology of  IGM.

DEFINITION
Idiopathic granulomatous mastitis (GM) is a rare, benign, 
chronic, inflammatory lesion of  the breast, and its aeti-
ology has not been fully elucidated. It was defined for 
the first time in 1972 by Kessler and Woollock and was 
described in detail in 1977 with a five-case series by Co-
hen[1,2] .

GM is generally divided into two main groups of  spe-
cific and non-specific. The term “specific GM” refers to 
conditions for which the aetiological factor can be identi-
fied, whether an isolated inflammatory event only applies 
to the breast, or the breast is involved in a systemic in-
flammatory event. Nonspecific GM is also known as idio-
pathic granulomatous mastitis or granulomatous lobular 
mastitis, which generally refers to conditions that can lead 
to a granulomatous reaction in the breast or conditions 
for which the aetiological factors cannot be determined.

Chronic granulomatous inflammation constitutes 
24% of  all inflammatory events of  the breast that are 
histopathologically defined[3]. All factors that lead to 
granulomatous inflammation in the breasts are presented 
in Table 1[4].

GENERAL REMINDERS
While IGM mostly emerges in young-middle age women 
(third and fourth decades), the age range that has been 
reported in the literature (11-83 years) is considerably 
wider[5-7]. IGM is usually seen within a couple of  years 
after giving birth, and the majority of  patients have a his-
tory of  at least one live birth and breast feeding[8]. In con-

trast, specific GM is frequently seen in Asian and African 
countries and can be detected at any age[9].

IGM may present with clinical findings that mimic 
the two endpoints of  breast diseases such as breast ab-
scess and breast cancer[8]. A palpable mass in the breast 
is the most common complaint, but nipple retraction, 
hyperaemia in breast skin, oedema, ulceration and fistule 
development during the chronic period are also potential 
complaints[9]. Systemic symptoms such as fever are gener-
ally not present[6]. While the incidence is the same in both 
breasts, the lesion is usually unilateral and cases with bi-
lateral involvement have been reported only rarely[8,10,11].

PATHOGENESIS
The pathogenesis of  IGM is not exactly known, but 
different steps occur in the disease pathogenesis. One 
of  these steps is nonspecific lobulitis, which involves 
multiple lobules, and causes reactive lymphoplasmocytic 
infiltration. A granulomatous formation with central su-
purative necrosis occasionally occurs because of  lobule 
deformation. Abscesses develop because of  an increase 
in the number of  these foci[12]. 

Some studies have indicated the similarity between 
IGM and granulomatous inflammation of  the testicles 
or the thyroid gland when IGM was defined for the first 
time[1]. Considering that mechanical factors are respon-
sible for the formation of  granulomas of  the thyroid 
gland in multifocal granulomatous thyroiditis (palpation 
thyroiditis), the possibility that trauma represents another 
stage in IGM pathogenesis should not be disregarded[12].

A process starting with non-puerperal secretion 
has been proposed as the most rational theory for the 
pathogenesis of  IGM. A hormonal imbalance due to a 
deviation in the oestrogen-progesterone ratio or hyper-
prolactinemia is believed to cause this secretion and in-
flammation. Ductal ectasia occurs due to the intra-ductal 
accumulation of  a protein-rich secretion. Permanent 
inflammation occurs following perforation of  the ducti 
and contact between the secretion and stromal cells. The 
accumulation of  secretion, ductal ectasia, galactoporitis 
(intraductal inflammation) and chronic GM are steps in 
the pathophysiological process. Autoimmunity against a 
secretion that is extravasated from the lobules is also con-
sidered to cause this event[6,13,14].

Aetiology
The aetiology of  IGM remains unclear. Various factors, 
including hormonal imbalance, autoimmunity, unknown 
microbiological agents, smoking and α1-antitrypsin defi-
ciency have been suggested to play a role in disease aeti-
ology.

α1-antitrypsin deficiency
α1-antitrypsin (AAT) is a glycoprotein synthesised by 
hepatic cells. Similar to anti-thrombin 3, ovalalbumin 
and thyroid-binding globulin, AAT is a member of  the 
serine-protease inhibitor family. Its primary function is to 
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  Infectious Mycobacterium tuberculosis
Blastomycosis
Cryptococcosis
Histoplasmosis
Actinomycosis
Filarial infection
Corynebacterium

  Autoimmune process Wegener granulomatosis
Giant cell arteritis
Foreign body reaction

  Duct ectasis Plasma cell mastitis
Subareolar granuloma
Periductal mastitis

  Diabetes mellitus
  Sarcoidosis
  Fat necrosis
  Idiopathic

Table 1  Causes for granulomatous inflammatory reaction in 
the breasts



prevent the destructive effects of  proteases secreted from 
activated neutrophils (proteinase 3, elastin and cathepsin 
G). Because AAT level is elevated during inflammation, 
it is also accepted as an acute phase reactant. Deficiency 
in AAT leads primarily to lung and liver pathologies[15]. In 
their case presentation in 2001, Schelfout et al[16] demon-
strated AAT deficiency in a 37-year-old female patient di-
agnosed with IGM. According to that study, the authors 
did not determine any other aetiological factors, and 
suggested that AAT deficiency could be the aetiological 
factor; however, further studies were not performed.

Oral contraceptives
The secretion theory has an important place in the patho-
physiology of  IGM. Oral contraceptives (OCS) have 
been considered a potential aetiological factor, as they 
increase breast secretion[12]. However, a significant asso-
ciation between OCS and IGM has not been determined. 
Oran et al[17] found 10 cases (10/46; 21.7%) that had a 
history of  OCS use; Gurleyik et al[18] found eight cases 
(8/19, 42.1%) that had a history of  OCS use; and Al-
Khaffaf  et al[19] found five cases (5/18, 27.7%) that had a 
history of  OCS use. In contrast, Baslaim et al[20] reported 
that none of  20 patients had a history of  OCS use. Bani-
Hani et al[7] found that only two of  24 cases (8.3%) had 
a history of  OCS use, and Asoglu et al[21] found that only 
two of  18 cases (11.1%) had a history of  OCS use. In 
conclusion, the association between IGM and OCS use 
has been reported to range between 0%-42%.

Gestation, birth, and breast-feeding
Given that IGM is usually detected in women < 50 years 
of  age, and frequently involves a recent history of  birth 
or breast-feeding, these factors have been considered in 
the disease aetiology. Hormonal alterations during these 
processes, secretion, and inflammation have an effect on 
disease pathophysiology[19,21-28]. Bani-Hani et al[7] carried 
out a study on 24 cases, and found that four had active 
gestation, four had a history of  birth and breast-feeding 
within 6 months and only two cases did not have a his-
tory of  gestation. According to a study by Baslaim et al[20], 
all cases had a history of  gestation and breast-feeding, 
whereas two cases were actively breast-feeding, and one 
case had an active gestation. Similarly, Gurleyik et al[18] 
determined that four of  19 cases had a history of  active 
breast-feeding, and the remaining 15 cases had a history 
of  breast-feeding. Moreover, Oran et al[17] reported that 
only three of  46 cases were nulliparous. Gautier et al[14] 
conducted a case series study on 11 cases and emphasised 
that all cases except one male case had a history of  birth 
and lactation within the past 5 years.

While almost all studies reported a history of  par-
ity, various studies have failed to explain the timing of  
the parity. It is expected that cases with IGM, which is 
a reproductive age disorder, have a history of  gestation 
and breast feeding, as gestation occurs between the ages 
of  20-40 years. In addition to the male case, cases with 
a wide age range (11-83 years) in the literature make it 

difficult to hold only gestation, birth and breast feeding 
responsible for the aetiology of  IGM[4,5,14]. 

Hyperprolactinemia
Considering the secretion theory, hyperprolactinemia has 
also been considered responsible for the pathogenesis of  
IGM, similar to other hormonal disorders[12,29,30]. In a case 
presentation in 1984, Rowe[29] determined co-morbid prol-
actinoma in an IGM case. However, future studies did not 
provide prolactin levels in detail. Bani-Hani et al[7] analysed 
prolactin levels in seven of  24 cases and found elevated 
prolactin levels in one patient (4.1%). Erhan et al[10] car-
ried out a case-series study on 18 women and reported 
recurrence in three cases (16%), and identified hyperprol-
actinemia in two of  these patients.

Smoking
While smoking is among the factors considered in the 
disease aetiology, a definitive association between smok-
ing and IGM has not yet been established. According to 
a study by Asoglu et al[21], 14 of  18 cases (77.8%) had a 
history of  smoking, whereas Baslaim et al[20] reported that 
none of  their 20 cases had a history of  smoking. In addi-
tion, the smoking rate was 34.8% according to Oran et al[17], 
16.7% according to Al-Khaffaf  et al[19], and 50% accord-
ing to Ozel et al[31].

Autoimmunity
A hypothesis that suggests an immunological basis for IGM 
has received considerable attention. Literature findings, 
including a good response to steroid and immunosuppres-
sive treatment, patients who had recurrence after surgery 
showing a good response to steroid treatment, patients 
with extramammary involvement (such as erythema nodo-
sum, or arthritis) and the demonstration of  T-lymphocyte 
dominance in immunohistochemical studies support the 
autoimmunity hypothesis[1,2,11-14,32]. Ozel et al[31] conducted a 
study on eight cases and found that six were positive for 
rheumatoid factor (RF), and two were positive for anti-
nuclear antibody (ANA) and anti-double stranded DNA 
(anti-dsDNA). In that study, surgery was the preferred 
treatment option for all patients, and the authors report-
ed recurrence in two patients who were RF-, ANA- and 
anti-dsDNA-positive, but obtained a positive response 
after steroid treatment. Erhan et al[10] conducted an immu-
nohistochemical evaluation, and determined that 14 of  
18 cases had T-cell dominance, and this finding was in-
terpreted as an autoimmune pathophysiological outcome 
that progressed with reactive T-cell-mediated inflamma-
tion and centrilobular granulomas against ductal damage. 
Furthermore, two IGM cases with erythema nodosum, 
one IGM case with erythema nodosum and arthritis, one 
IGM case with Weber-Christian disease and one IGM case 
with Sjögren’s syndrome have been reported in the litera-
ture[33-36]. However, cases with a co-morbid autoimmune 
disorder constitute only a minor fraction of  all cases. In 
contrast to these studies that support the autoimmune hy-
pothesis, classical serological tests, which are used for au-
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toimmune disorders such as ANA and RF, reveal different 
results in patients with IGM. Asoglu et al[21] conducted a 
case-series study on 18 cases and determined that all cas-
es were negative for ANA and RF. We conducted a study 
in our clinic to investigate the autoimmunity hypothesis 
for IGM aetiology, and evaluated ANA and extractable 
nuclear antibody levels in 26 cases, but we did not obtain 
results to support the autoimmunity hypothesis[37].

Microbiological agents
The normal endogenous bacteria flora of  the breast is 
similar to the skin flora. Dominant organisms include 
coagulase-negative streptococci, Propiniobacterium sp. and Co-
rynebacterium sp. These findings have been proven through 
nipple discharge and breast tissue cultures that were col-
lected during mammoplasty[38]. These bacteria are con-
sidered to go deeper into the breast tissue via the ductal 
system[13].

Corynebacteria cause mastitis in livestock. However, 
these bacteria are not expected pathogens in humans[13]. 
These bacteria became the centre of  attention in 2003, 
with detection of  corynebacteria in 34 IGM cases by 
Taylor et al[39]. 

Corynebacteria are Gram-positive bacteria and members 
of  the skin flora. It is hard to distinguish whether these 
organisms cause infection, colonisation or contamina-
tion[40]. Despite the difficulty in distinguishing outcome, it 
is significant to detect purulent matter in an abscess or > 
104 CFU/mL dominant Corynebacterium sp.[41]. According 
to a study by Funke et al[42], these bacteria could be a pos-
sible factor if: (1) a Gram-positive bacillus accompanying 
polymorphonuclear leukocytes is present; or (2) a Coryne-
bacterium sp. is detected in a tissue that is expected to be 
sterile under normal conditions.

Four different Corynebacterium species have been 
detected in IGM cases. Corynebacterium kroppenstedtii (C. 
kroppenstedtii) is the most frequently observed species, and 

is different from other corynebacteria due to its lipophilic 
nature and positive esculin test[39,40].

Taylor et al[39] conducted a study of  62 patients who 
were histologically diagnosed with GM, and detected 
Corynebacterium in 34 patients (54.8%). A comparison 
among the remaining 28 cases showed that fever and 
neutrophilia were more frequently observed in cases that 
were bacteria-positive, and they had more frequent fistule 
formation. C. kroppenstedtii was the most frequently ob-
served species (14 patients; 41.1%) in that study.

Paviour et al[40] isolated Corynebacterium from breast 
tissue in 24 cases, carried out a histopathological evalua-
tion in 12 of  these cases and diagnosed nine cases with 
IGM. Similarly, C. kroppenstedtii was the most frequently 
isolated species in that study; C. amycolatum and C. tuber-
culostearicum were other identified species. In that study, 
a 3-week intravenous penicillin treatment was tested on 
one patient; however, when the expected benefit was not 
observed, the treatment was switched to doxycycline (100 
mg, oral), which has better fat solubility. The authors re-
ported that there was no need for surgery after this treat-
ment.

Case presentations in which Corynebacterium sp. have been 
detected are also present in the literature[41,43,44]. A specific 
species was not reported in two of  these studies, whereas 
Ang et al[41] reported that they isolated C. accolens. All three 
studies stated that antibiotherapy was effective for treat-
ment.

In our clinic, we carried out a study on 45 patients 
with IGM and 34 bacteria using a universal DNA primer, 
but we did not detect positivity for any microbiological 
agent (unpublished data).

Ethnicity
During our search of  GM in the PubMed database 
(1995-2014), we searched the terms “idiopathic granulo-
matous mastitis”, “granulomatous lobular mastitis” and 
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Figure 1  The distribution of idiopathic granulomatous mastitis cases that were reported in PubMed since 1995 according to country.
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“granulomatous mastitis” and found approximately 200 
articles. We hypothesised that an evaluation based on 
the location of  the centres in which the authors worked 
would provide a rough estimate of  the distribution of  
the cases. While most of  these studies were case presen-
tations, we found that larger case series frequently origi-
nated from the Mediterranean region and the developing 
countries in Asia. Some authors have considered that 
undiagnosed tuberculosis cases might lead to GM[15,45-48].

According to our search on the PubMed database, 
the highest number of  cases has been reported in Turkey 
(> 200 cases). This is followed by China (129 cases) and 
South Korea (128 cases). France had the highest number 
of  cases (55 cases) among European countries, and no 
other country exceeded 50 cases. In contrast, we found 
126 cases in the United States. The total number of  cases 
recorded per country is presented in Table 2 and Figure 1. 

According to a Centers for Disease Control and 
Prevention report, which was published in Morbidity 
and Mortality Weekly Report in 2009, seven cases were 
detected in Indiana between 2006 and 2008, and six of  
these cases were born in Mexico and had a Hispanic. Ac-
cording to the report, this series was the most compre-
hensive case series reported in the United States[49]. How-
ever, Larsen et al. published a study on 54 cases in the 
same year, but the authors did not evaluate ethnicity[50]. 
Gautier et al[15] carried out a study on 11 cases in Canada 
and reported that three cases were French, two cases were 
Canadian of  French origin, two cases were Canadian of  
British origin, two cases were Latin American and one case 
was Russian. Furthermore, Omranipour et al[50] reported 
a series of  43 cases in Iran, Bani-Hani et al[7] reported a 
series of  24 cases in Jordan and Baslaim et al[20] reported 
a series of  20 cases in Saudi Arabia. In Turkey, differ-
ent IGM series have been reported by Asoglu et al[21] (18 
cases), Ozel et al[31] (8 cases), Gurleyik et al[18], Oran et al[17] 
(46 cases) and Altintoprak et al[37] (26 cases). These find-
ings indicate that a previous comprehensive evaluation of  
ethnicity does not exist, and that more elaborate studies 
on this topic are required.

CONCLUSION
In conclusion, while several factors have been considered 
as potential aetiological factors, these factors are not ‘the 
primary aetiological factors, but rather “secondary fac-
tors” that can accompany the process once the primary 
factor triggers the event, or contribute to the acceleration’ 
of  the ongoing process. Given that: (1) a higher number 
of  cases are being reported from certain geographical 
locations; and (2) patients respond positively to steroid 
treatment, we believe that the “ethnicity and autoimmu-
nity hypotheses” are the major subjects to focus on. It is 
possible that our failure in searching for a single aetiologi-
cal factor will become more evident as details are eluci-
dated; however, the disease is likely to continue to carry 
the “idiopathic” prefix for a long time.
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Abstract
Allergen-specific immunotherapy (SIT) induces clinical 
and immunological tolerance as defined by persistence 
of clinical benefit and associated long-term immunolog-
ical parameters after cessation of treatment. Although 
the efficacy of SIT has been shown in terms of reducing 
symptoms, medication consumption and ameliorating 
quality of life in both allergic rhinitis and asthma, there 
has long been some controversies about effectiveness 
of SIT in the treatment of allergic asthma. The type 
of allergen, the dose and protocol of immunotherapy, 
patient selection criteria, the severity and control of 
asthma, all are significant contributors to the power of 
efficacy in allergic asthma. The initiation of SIT in aller-
gic asthma should be considered in case of coexisting 
of other allergic diseases such as allergic rhinitis, unac-
ceptable adverse effects of medications, patient’s pref-
erence to avoid long-term pharmacotherapy. Steroid 
sparing effect of SIT in allergic asthma is also an im-
portant benefit particularly in patients who have to use 
these drugs in high doses for a long-time. Symptomatic 
asthma is a risk factor for systemic reactions and asth-
ma should be controlled at the time of administration 
of SIT. Both subcutaneous immunotherapy (SCIT) and 
sublingual immunotherapy (SLIT) have been found to 

be effective in patients with allergic asthma. Although 
the safety profile of SLIT seems to be better than SCIT, 
the results of some studies and meta-analyses suggest 
that the efficacy of SCIT may appear better and earlier 
than SLIT in children with allergic asthma.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Asthma; Efficacy; Safety; Subcutaneous im-
munotherapy; Sublingual immunotherapy

Core tip: Allergen specific immuntherapy is the only 
therapeutic approach that can change the immunologic 
response to allergens and thus can alter the natural 
evolution of allergic diseases. Both subcutaneous im-
munotherapy (SCIT) and sublingual immunotherapy 
(SLIT) have been demonstrated to be beneficial in re-
ducing of symptoms and drug intake,improving quality 
of life and preventing patients from possible side effects 
of high doses of steroids. This review examines the 
clinical effectiveness and safety of both SCIT and SLIT 
in patients with asthma by discussing recent studies.
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INTRODUCTION
Asthma is one of  the most prevalent chronic conditions 
affecting roughly 300 million people in the world. It is 
supposed that asthma will affect an additional 100 million 
people by 2025[1].

According to data of  health statistics in United States, 
current asthma prevalence is 9.3% and 8%, in children 
and adults, respectively[2]. This incrementin the prevalence 
of  asthma has been accompanied by an incrementin 
other allergic disorders like rhinitis and eczema.

Asthma is characterized by chronic inflammation, 
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which result in recurrent attacks of  cough, wheezing, 
sometimes chest tightness and variable airflow obstruc-
tion. As time progresses, thisairflow obstruction may 
becomeirreversibledue to airway remodelling. Since many 
years, asthma has been supposed as mainly a Th2 cell-
mediated disorder[3,4]. Nevertheless, in recent years, it is 
also discovered that many other cell types such as Treg, 
Th1 and Th17 are also involved in pathological process 
of  asthma[3,4].

Drugs, such as inhaled corticosteroids, long-acting 
beta agonists and montelukast can effectively control 
asthma symptoms and attacks. However, it is known that, 
pharmacotherapy can not affect the underlying immune 
response; when these medications are stopped the symp-
toms may reccur. 

Specific allergen immunotherapy (SIT)  is a unique 
therapy which capable to change the natural evolution of  
allergic diseases[5]. With this treatment mode, allergens are 
given to patients in repeated and increasing doses to pro-
vide immune tolerance[6].

The effectivenessof  both subcutaneous (SCIT) and 
sublingual (SLIT) immunotherapy is documented for 
both perennial and seasonal allergic respiratory disease by 
systematic reviews and meta-analyses[6-11]. For almost 100 
years now,subcutaneous route has been used to treat aller-
gic diseases; however, there are many studies to confirm 
the administration of  SLIT because of  discomfort of  re-
peated injections and higher risk of  adverse reactions.

In most published studies, effectiveness of  SIT has 
been assessed primarily in patients with allergic rhinitis,and 
the results concerning asthma mostly were given as sec-
ondary outcome. Thus, there are a few studies which were 
organised to evaluate the efficacy of  SIT specifically in 
asthma alone. 

In this paper we will review primarily the clinical ef-
ficacy and safety of  both SCIT and SLIT in patients with 
allergic asthma in the light of  the literature.

CLINICAL EFFICACY OF SCIT IN 
ASTHMA
The first of  the studies which evaluate the efficacy of  
SCIT in asthmatic patients published by Abramson in 
1995[12].

In the meta-analysis carried out by Ross et al[13], 24 
prospective, randomized,studies involving 962 asthmatic 
patients were evaluated. They reported significant amelio-
ration in symptoms and drug intake related with asthma 
as well as in pulmonary function in the SCIT group in 
comparison to the placebo. It was deduced that immuno-
therapy was beneficial in 17 (71%) studies, inefficacious 
in 4 (17%) studies,and equivocal in 3 (12%) studies. Simi-
lar to the previousmeta-analyses, the authors concluded 
that SIT is effective in patients suffering from allergic 
asthma.

In a study of  Basomba et al[14], 55 mild and moderate 
asthmatic patients (aged 14-50 years) allergic to house 
dust mites (HDM) were treated with D pteronyssinus ex-

tract encapsulated in liposomes, in a double-blind place-
bo-controlled manner. At the end of  one year, 45.8% of  
the patients treated with SCIT decreased symptom and 
medication scores by at the minimum 60%. There were 
also notable improvements in results of  skin test and 
allergen-specific bronchial challenge.

In another study, fifteen children aged 6-14 years 
with asthma due tue HDM were treated with SCIT for 
three years; the results were remarkable reduction in the 
number of  asthma excelbations and marked decrease in 
drug intake[15]. Additionally, significant improvement in 
lung functions and non-specific bronchial hyperreactivity 
(BHR) wereobserved.

García-Robaina et al[16] administered SIT with HDM 
in 64 adult asthmatic patients and they observed notable 
amelioration in the active group over placebo in terms of  
symptom (53.8 %) and medication scores (58%) in addi-
tion to improvement in allergen-specific BHR.

Roberts et al[17] studied the efficacy of  grass pollen 
SIT in 35 asthmatic patients (aged 3-16 years) over 2 pol-
len season in a double-blind manner. They found that 
SIT provided significant decreases in asthma symptom 
and medication scores, marked improvements in cutane-
ous (P = 0.002), conjunctival (P = 0.02), and bronchial (P 
= 0.01) reactivity to allergen.

In the study of  Zielen et al[18], 65 mite allergic children 
aged 6-17 years were treated with subcutaneous allergoid 
immunotherapy plus fluticasone propionate (FP) or FP 
therapy alone for 2 years. Before starting SIT, asthma 
control was achieved using inhaled corticosteroids for 5 
mo follow-up. Children treated with SCIT plus FP were 
able to markedly decrease the FP dose, in comparison to 
the control group given only FP. After 2 years of  treat-
ment, the mean daily FP dose decreased from 330.3 μg to 
151.5 μg in the immunotherapy group while there was no 
significant reduction in the control group.

In a recent Cochrane review of  SCIT, 88 studies on 
3459 subjects with asthma were evaluated; there were 42 
trials for dust mites, 27 for pollen, 10 for animal dander, 
two for molds, two for latex, and six for multiple aller-
gens[19]. It was reported that SCIT improved asthma symp-
toms, reduced medication use, and diminished BHR. The 
conclusion of  this review was summarized as: “it would 
require treating three subjects to prevent an exacerbation 
for one individual, four subjects to improve medication use 
in one, and four subjects to avoid nonspecific or allergen-
specific BHR in one patient, respectively”. Additionally, 
mite and pollen immunotherapy were found more effective 
on symptom scores.

There are several studies of  SCIT (particularly with 
mites[20,21] or mixed-allergen up to seven aeroallergens[22]) 
which demonstrated the improvement in asthma symp-
tom and medication scores to a lesser degree than the 
other published studies. Nevertheless, significant steroid- 
sparing effect of  immunotherapy was shown in moderate 
persistent asthmatics included in those studies.Thus, it 
should be kept in mind that the maintenance of  asthma 
control is very important before and during the study in 
order to obtain optimal benefit of  the immunotherapy.
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CLINICAL EFFICACY OF SLIT IN ASTHMA
World Allergy Organization Position Paper on Sublingual 
Immunotherapydeclared that SLIT is effective in the 
treatment of  allergic rhinitis in adults and in allergic rhini-
tis and asthma in children[23]. However, it is also stated the 
presence of  some important points about current status 
of  SLIT effectiveness. It is known that there are signifi-
cant heterogenity between studies included in SLIT meta-
analyses, and this may bring significant limitation on the 
conclusion of  them. 

The first meta-analysis on SLIT in asthma was con-
ducted by Olaguíbel et al[24] and comprised of  seven 
studies in 256 children aged up to 14 years. This study 
showed marked improvements in symptom scores (SMD: 
-1.42) and medication requirement scores (SMD: -1.01) 
related with asthma.

In 2006, a meta-analysis about SLIT in asthma in-
cluded 25 trials and involved 1706 adults and children[25]. 
This meta-analysis reported a significant efficacy of  SLIT 
for symptoms and medication use in seven studies, and 
improvement in pulmonary function in four studies. But, 
when asthma symptoms and drug intake were analysed as 
ongoing parameters, the reductions were not significant.

Penagos et al[26] evaluated the efficacy of  SLIT by 
conducting a meta-analysis which included nine studies 
on 441 asthmatic children. Six of  these studies were with 
mites and three of  them with pollen. The authors found 
significant decrease in symptom and medication scores 
with SLIT in comparison to placebo.

In 2009, Compalati et al[10] published a meta-analysis 
which evaluate nine studies in 452 patients treated with 
SLIT in HDM-allergic asthma. They reported marked 
improvement in symptom and medication scores related 
with asthma. As in SCIT, the steroid sparing effect of  
SLIT was also demonstrated in some recent published 
studies[27,28].

In the study of  Marogna et al[28], 84 asthmatics were 
randomized to four treatment arms for three years: first 
group received budesonide 800 μg/d; second group re-
ceived budesonide 1600 μg/d; third group treated with 
budesonide 400 μg/d plus montelukast 10 μg/d; and 
fourth group was given budesonide 400 μg/d plus al-
lergoid of  betulaceae pre-coseasonally. Low-dose inhaled 
corticosteroids plus SLIT provided a marked advantage-
over the other options on symptoms plus medications 
decrease, FEV1 increase, rescue medications usage, and 
was comparable to low-dose inhaled corticosteroids plus 
montelukast on MEF25 and BHR.

Similarly, in a study involving 602 mite allergic asth-
matic patients, it was shown that daily treatment with 
SLIT tablet reduced inhaled budesonide more than 80 
μg/d in comparison to placebo after 1 year[27]. 

HEAD-TO HEAD STUDIES
There are 4 randomized controlled trials with 171 par-
ticipants which compare SCIT with SLIT directly in 
asthmatic patients. All these studies enrolled mite allergic 

patients with rhinitis and/or asthma. Efficacy of  SIT was 
investigated by evaluating the clinical outcomes for both 
rhinitis and asthma. 

In the first of  these studies, Mungan et al[29], random-
ized 36 adults with HDM-allergic rhinitis and asthma 
to receive SCIT, SLIT or placebo. They found that one-
year of  SCIT improved symptom scores of  both rhinitis 
and asthma while SLIT had benefit only on symptoms 
of  rhinitis. However, medication scores of  both rhini-
tis and asthma decreased significantly in both actively 
treated groups. After 1 year of  immunotherapy, it was 
also shown marked rises in specific IgG4 concentrations 
in comparison to the baseline both in SLIT and SCIT 
groups. 

Eifan et al[30] evaluatedthe effectiveness of  SCIT and 
SLIT in children with asthma/rhinitis sensitized to mites.  
Forty eight children were randomized to treat either 
SCIT, SLIT or pharmacotherapy. This study demonstrat-
ed that both SLIT and SCIT have a significant positive 
effect on symptoms and medication usagerelated with 
both rhinitis and asthma in comparison to the pharma-
cotherapy group. Additionally, after 1 year of  treatment, 
Der p 1-driven IL-10 significantly increased in SLIT in 
comparison to pharmacotherapy, whereas Bet v 1-driven 
TGF-b increased significantly in SLIT only. 

In the study of  Keles et al[31], 48 patients (aged 5-10 
years) with mild persistent asthma and rhinitis mono-
sensitized to mites were randomized to three treatment 
arms: they received either SLIT (n = 16), SCIT (n = 16) 
or pharmacotherapy alone (n = 16). After 12-mo of  
treatment, total asthma symptom scores (P = 0.02) and 
visual analog scores (P = 0.02) decreased markedly in 
SLIT when compared with the pharmacotherapy group. 
Similarly, SCIT also reduced both total asthma symptom-
scores (P = 0.04)  and visual analog scores (P = 0.001) 
when compared with the pharmacotharapy group.  The 
percentage of  improvement was 100% and 93% in SLIT 
and SCIT group respectively, in comparison to the phar-
macotherapy group. A marked increment was seen in the 
levels of  regulatory and Th1 cytokines both in the SCIT 
and SLIT groups. Antigen-specific IgG4 levels increased 
in the SCIT and SCIT plus SLIT groups but not in the 
SLIT group.

In a recent randomized, placebo-controlled and dou-
ble- dummy study we investigated the effectiveness of  
SCIT and SLIT in HDM- allergic children with asthma 
and/or rhinitis[32]. We showed that one-year SCIT had sig-
nificant effect on symptom and medication scores related 
with both rhinitis and asthma. An important observation 
in this study was the better effect of  only SCIT over pla-
cebo on reduction of  rhinitis and asthma symptoms at 
the end of  one-year-treatment. Bronchial challenge doses 
and sputum eosinophil increments after bronchial chal-
lenge decreased only with SCIT. There was no change in 
terms of  IFN-γ levels in both immunoptherapy groups. 
Serum sIgG4 levels increased significantly only in the 
SCIT group. This study then carried on one subsequent 
year in an open scheme and the placebo group was 
randomized to treat SCIT or SLIT. Thus, all patients 
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received active treatment with SCIT or SLIT during one 
subsequent year[33]. We observed that the effect of  SLIT 
on asthma symptoms and drug intake was less eminent 
than SCIT in the first year; however this effect was more 
pronounced in the second year of  SLIT. With this study, 
we concluded that both clinical and immunologic im-
provement starts earlier with SCIT in comparison to the 
SLIT in mite-allergic children with rhinitis and asthma. 

The summary of  these 4 head-to-head studies was 
shown in Table 1. Recently, a systematic review of  stud-
ies with head-to-head comparison of  SCIT and SLIT in 
the treatment of  allergic rhinoconjunctivitis and asthma 
was published[34]. Four trials conducted in patients with 
rhinitis and/or asthma[29-32]. This review demonstrated 
that low-grade evidence confirms more efficacy of  SCIT 
than SLIT regarding reduction of  asthma symptoms 
and combined measure of  rhinitis symptoms and drug 
intake; moderate-grade evidence confirms more efficacy 
of  SCIT than SLIT for nasal and/or eye symptom reduc-
tion. It was deduced that low-grade evidence confirm-
sthat SCIT is more beneficial than SLIT for reduction 
in asthma symptoms and moderate-grade evidence for 
reduction of  allergic rhinoconjunctivitis. Further studies 
are required to support this results for clinical decision 
making.

SAFETY OF SCIT AND SLIT
It is known that SCIT has a risk for both local and sys-
temic adverse reactions but, in most of  the cases, symp-
toms are reversible if  they are diagnosed early and treated 
rapidly. All allergen preparations (standardized extracts[35], 
allergoids[36] or recombinant allergens[37] can cause these 
side effects.

The incidence of  systemic reactions of  SCIT varies 
between 0.06% and 1.01% in those receiving injections[38].

A recent multicenter study suggested that systemic 
reactions were slightly more frequent in rhinitis with 
asthma than rhinitis patients alone[39]. Some reports have 
been suggested that asthma may be a risk factor for se-
vere systemic reactions due to SCIT, notably in patients 
with uncontrolled asthma. Conversely, another retrospec-
tive study reported no significant association between 
systemic reactions and the presence of  asthma[40]. As 
noted by official documents, the patients’s general condi-
tion and pulmonary functions should be assesed before 
injection in order to reduce the risk of  anapylaxis[41].

The safety of  SLIT seems better than subcutaneous 
therapy regarding severe systemic reactions. Local side 
effects (oral itching or mild swelling) may be encountered 
in three-fourths of  patients especially in the early phase 
of  SLIT. 

In the study of  Dahl et al[42] the safety of  SLIT inves-
tigated specifically in grass pollen allergic patients with 
asthma. They evaluated side effects which may be related 
with asthma, e.g., cough, wheezing, and they found no 
difference in the number of  such effects between active 
and placebo group. Additionally, no asthma exacerbation 

related with SLIT was reported in this study. 
There are also some recommendations about admin-

istering of  SLIT in patients with systemic reactions after 
subcutaneous immunotherapy[43]. Nonetheless, some pa-
tients suffering from these adverse reactions with subcu-
taneous route may entertain the same risk for sublingual 
route of  immunotherapy[44]. Thus, our recommendation 
is that immunotherapy should be customized to each 
patient on the basis of  the degree of  sensitization, con-
comitant allergies, exposures and patient’s preference.

PREVENTIVE CAPACITY OF SIT
SIT builts up clinical and immunological tolerance as 
shown by persistence of  improvement both in clini-
cal and immunologic parameters after the cessation of  
treatment. Additional long-term benefits of  SIT include 
prevention of  new sensitizations and progression from 
rhinitis to asthma.

There are some studies which demonstrated the 
preventive effect of  SIT in pediatric population. At the 
10-year follow-up (7 years after cessation ofimmunother-
apy) the children in the immunotherapy group had sig-
nificantly less asthma in comparison to the control group: 
16/64 (25%) with asthma in the immunotherapy group 
compared with 24/53 (45%) of  the untreated control 
group[45]. The authors concluded that immunotherapy 
for 3 years with grass and/or birch allergen extracts pro-
vides long-term preventive effect on the development of  
asthma in children with only seasonal rhinoconjunctivitis.

A similar preventive effect was also shown with SLIT 
in a 3-year open study of  113 children (aged 5-14 years) 
having grass pollen rhinitis[46]. This study demonstrated 
that asthma development was 3.8 times more frequent in 
the control subjects.

There is another study which show no significant dif-
ference in symptom and medication scores in the subse-
quent three pollen seasons after 3-4 years of  grass-pollen 
SCIT[47].

Marogna et al[48] have noted that clinical benefit per-
sists for 8 years after SLIT treatment is given for a 4- to 
5-year duration; new sensitizations were also reduced in 
SLIT group.

It has been documented that SCIT with a single aller-
gen has a preventive effect against sensitization to differ-
ent inhalant allergens[49-52]. There are some studies which 
reportedsignificantly lower rate of  the development of  
new allergen sensitizations in monosensitized patients 
who received SCIT in comparison to the controls[49-52]. In 
these studies, the percentage of  the development of  new 
sensitizations were 23%, 24%, 24.7% and 54% in patients 
treated with SCIT while 68%, 67%, 53.3% and 100% in 
untreated monosensitized patients.

Recent studies have shown such effects with 
SLIT[48,53-55]. In a 3-year open study, 5.9 % of  511 patients 
with allergic rhinitis and asthma treated with SLIT showed 
new allergen sensitizations, while this rate was 38% in the 
control patients[55].
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CONCLUSION
SIT is the only therapeutic approach which capable to 
modify the natural evolution of  allergic respiratory dis-
eases. However, there are some shortcomings in trials 
conducted in patients with allergic asthma. In most of  
these studies, efficacy of  SIT was not evaluated specifi-
cally in allergic asthma alone. Additionally, many of  these 
trials had significant limitations such as low number of  
patients, difference in treatment protocols and doses, in-
adequate evaluation of  pulmonary functions or absence 
of  a placebo group. Moreover, there is a great hetero-
genity between studies included in meta-analyses; the 
most important point in this respect is the assessment of  
results of  SIT with different allergens in the same meta-
analysis. 

Despite these shortcomings, the clinical efficacy of  
SIT has been established in allergic asthma in objective 
and subjective parameters such as titrated skin tests, aller-
gen-specific bronchial hyperreactivity, and symptom and 
medications scores.

Steroid sparing effect of  SIT gives an important ad-
vantage for patients who have to use these drugs in high 
doses in order to control their asthma symptoms for many 
years.

SIT should be considered in asthmatic patients who 
experience side effects of  medications, to reduce or avoid 
long-term pharmacotherapy and the economic burden of  
medications and in the presence of  allergic rhinitis and/
or other comorbid allergic conditions[41].

Official documents recommend that SIT should not 
be started in patients with unstable asthma; in these cases, 
SIT can be initiated after well asthma control with appro-
priate pharmacotherapy. 

Although both SCIT and SLIT have been reported to 
be effective on allergic asthma, the results of  some stud-
ies or meta-analyses suggested that the efficacy of  SCIT 
may be better and start earlier than SLIT. 

Further studies are needed to discover patients who 
will benefit more from immunotherapy, novel vaccines 
and new routes of  administration to increase efficacy and 
safety.
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Abstract
Precancerous lesions of oral mucosa, known as poten-
tially malignant disorders in recent years, are consists 
of a group of diseases, which should be diagnosed 
in the early stage. Oral leukoplakia, oral submucous 
fibrosis, and oral erythroplakia are the most common 
oral mucosal diseases that have a very high malignant 
transformation rate. Oral lichen planus is one of the 
potentially malignant disorders that may be seen in six 
different subtypes including papular, reticular, plaque-
like, atrophic, erosive, and bullous type, clinically. Atro-
phic and erosive subtypes have the greater increased 
malignant transformation risk compared to another 
subtypes. Although there are various etiological stud-
ies, the etiology of almost all these diseases is not fully 
understood. Geographically, etiologic factors may vary. 
The most frequently reported possible factors are to-
bacco use, alcohol drinking, chewing of betel quid con-
taining areca nut, and solar rays. Early diagnosis is very 
important and can be lifesaving, because in late stages, 
they may be progressed to severe dysplasia and even 
carcinoma in situ  and/or squamous cell carcinoma. For 
most diseases, treatment results are not satisfactory in 
spite of miscellaneous therapies. While at the forefront 
of surgical intervention, topical and systemic treatment 

alternatives such as corticosteroids, calcineurin inhibi-
tors, and retinoids are widely used.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Oral premalignant lesions; Leukoplakia; 
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Core tip: Precancerous lesions of oral mucosa are the 
diseases that have malignant transformation risk at dif-
ferent ratios. Clinically, these diseases may sometimes 
resemble each other. Thus, the diagnosis should be 
confirmed by biopsy. In early stages, histopathological 
findings are distinctive, but if malignant transformation 
occurs, identical histological features with oral carci-
noma are seen. If these diseases left untreated, they 
can cause many problems, which may affect a patient’s 
social and daily life.

Yardimci G, Kutlubay Z, Engin B, Tuzun Y. Precancerous lesions 
of oral mucosa. World J Clin Cases 2014; 2(12): 866-872  Avail-
able from: URL: http://www.wjgnet.com/2307-8960/full/v2/
i12/866.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i12.866

INTRODUCTION
In a World Health Organization Workshop, held in 2005, 
the terminology, definitions and classifications of  oral le-
sions with a predisposition to malignant transformation 
have been discussed and recommended to use the term 
“potentially malignant disorders” to eliminate termino-
logical confusion[1].

The most common oral precancerous lesions are 
oral leukoplakia, oral submucous fibrosis (OSMF), and 
oral erythroplakia. Actinic cheilitis, some miscellaneous 
inherited diseases such as xeroderma pigmentosum and 
Fanconi’s anemia, and immunodeficiency are another 
potentially malignant disorders for oral carcinoma as well 
as these three diseases[1,2]. In a clinicopathological study 
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designed by Phookan et al[3], different oral premalignant 
lesions were observed in 70 of  320 patients with lower or 
middle socioeconomic group. Leukoplakia was the most 
common premalignant disorder (20.65% of  patients), 
while percentages of  lichen planus and OSMF were re-
ported equally (0.62% of  patients)[3].

The etiology of  precancerous lesions of  oral mucosa 
is not well-known[4]. Some risk factors such as tobacco 
chewing, tobacco smoking, and alcohol play an impor-
tant role in development of  potentially malignant oral 
conditions. While tobacco chewing is a major risk factor 
for oral leukoplakia, OSMF, and erythroplakia, tobacco 
smoking may be a risk factor for oral leukoplakia. Alco-
hol drinking may increase the risk by 1.5-fold for oral 
leukoplakia, by 2-fold for OSMF, and 3-fold for erythro-
plakia. According to Thomas et al[2], while alcohol drink-
ing and tobacco chewing may possibly be risk factors for 
multiple oral premalignant lesions, smoking was not asso-
ciated with the risk of  multiple oral premalignant lesions.

Various studies reported about etiopathogenesis of  pre-
cancerous lesions of  oral mucosa. Vlková et al[4] analyzed 
saliva markers of  oxidative stress and reported that salivary 
thiobarbituric acid reacting substances and advanced glyca-
tion endproducts were significantly higher in patients than 
in control. They also reported that no significant differenc-
es were found in salivary advanced oxidation protein prod-
ucts, vascular endothelial growth factor, sialotransferase, 
and neuraminidase. Total antioxidant capacity and expres-
sion of  superoxide dismutase were lower in patients than 
in age-matched controls. Nanda et al[5] investigated expres-
sion of  CK8 and CK18 in potentially malignant disorders 
such as oral leukoplakia, OSMF, and oral squamous cell 
carcinoma and they reported that expression of  CK8 and 
CK18 were statistically significant higher than controls. 
Feng et al[6] reported that expression of  podoplanin and 
ABCG2 in oral erythroplakia correlate with oral cancer 
development. Qin et al[7] reported a high prevalence of  
p53 mutations in premalignant oral erythroplakia. Human 
papilloma virus (HPV) has been suggested to play a role 
in the etiopathogenesis of  precancerous lesions of  oral 
mucosa[8]. Punyani et al[9] reported that there was no sta-
tistically significant in salivary IL-8 concentrations among 
the precancer group and controls.

Early detection of  premalignant lesions and oral can-
cer is very important. Therefore, miscellaneous modalities 
such as oral cavity examination, supravital staining, oral 
cytology and optical technologies including spectroscopy, 
fluorescence spectroscopy, elastic scattering (reflectance) 
spectroscopy, Raman spectroscopy, fluorescence imaging, 
optical coherence tomography, narrow-band imaging, and 
multimodal optical imaging may be used[10].

We think that the following criteria should be taken 
into consideration in terms of  the importance of  early 
diagnosis: (1) symptomatic and/or non-symptomatic non-
healing lesions of  oral mucosa; (2) history of  smoking, 
chewing tobacco, alcohol consumption, oral HPV infec-
tion, drug use, long-term exposure to sunlight; (3) ad-
vanced age; (4) the presence of  immunodeficiency; (5) the 
presence of  genetic disease; and (6) poor oral hygiene.

ORAL LEUKOPLAKIA
Leukoplaki is defined as “A white plaque of  questionable 
risk having excluded (other) known diseases or disorders 
that carry no increased risk for cancer”[1]. In studies re-
ported in recent years, the prevalence of  oral leukoplakia 
varies between 1.1% and 11.7%, with a mean value of  
2.9%[11]. Although leukoplakia can occur at any age, it 
often occurs in individuals under the age of  40[12]. Leuko-
plakia is seen six times more among smokers than among 
non-smokers[1].

Clinically, leukoplakia may be affect any part of  the 
oral and oropharyngeal cavity and can be divided into 
two subtypes including homogeneous and non-homo-
geneous types[1]. Homogenous lesions are characterized 
by uniformly flat, thin, uniformly white in colour and 
shows shallow cracks of  the surface keratin[1,13]. Non-
homogenous lesions have been defined as a white and 
red lesion (known as erythroleukoplakia) that may be either 
irregularly flat (speckled) or nodular (Figure 1). Verrucous 
leukoplakia is yet another type of  non-homogenous leu-
koplakia[14]. 

Proliferative verrucous leukoplakia, which is a form 
of  verrucous leukoplakia, was first described by Hansen 
et al[14,15] in 1985 and characterized by multifocal presenta-
tion. It has a strong potential for malignant transforma-
tion and is resistance to treatment. 

Histopathologically, two distinct appearances may be 
seen as dysplastic or non-dysplastic leukoplakia. Risk fac-
tors of  malignant transformation are shown in Table 1[14].

Oral leukoplakia should be distinguished from miscel-
laneous benign and/or potentially malignant disorders 
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Figure 1  White and red lesions known as erythroleukoplakia are seen.

  Female gender
  Long duration of leukoplakia
  Leukoplakia in non-smokers
  Location on the tongue and/or floor of the mouth
  Size > 200 mm2

  Non-homogenous type
  Presence of epithelial dysplasia

Table 1  Risk factors of malignant transformation



that may be seen white or predominantly white diseases 
of  the oral mucosa. The diseases should be considered in 
the differential diagnosis including aspirin burn, chemical 
injury, oral pseudomembranous and hyperplastic candidi-
asis, frictional lesions, oral hairy leukoplakia, leukoedema, 
linea alba, lupus erythematosus, morsicatio buccarum, 
papilloma and allied lesions, mucous patches in secondary 
syphilis, tobacco-induced lesions, smoker’s palate (nicotinic 
stomatitis), stuff-induced lesion, white sponge nevus, oral 
lichen planus (OLP), and lichenoid reaction[1,13].

Oral leukoplakia should be confirmed by mucosal 
biopsy. But before biopsy, some staining methods may be 
used as a diagnostic aid. Chen et al[16] used methylene blue 
in fifty-eight patients with suspicious oral cavity lesions. 
They reported that the overall sensitivity of  methylene 
blue uptake in cases with suspected lesions was 90%, 
specificity 69%, and accuracy 79%. They also reported 
that the positive predictive value was 74% and the nega-
tive predictive value 87%[16].

The most commonly preferred treatment options 
are surgical excision or CO2 laser therapy. In widespread 
lesions, photodynamic therapy may be considered[14]. 
Cryotherapy is another preferred destructive method[17]. 
Non-surgical treatment modalities might be considered in 
selected patients. Carotenoids (β-carotene, lycopene), vi-
tamins [L-ascorbic acid (vitamin C), α-tocoferol (vitamin 
E), retinoic acid (vitamin A), and fenretinide], and bleo-
mycin may be used in patients with oral leukoplakia[18].

Surgical excision should be recommended in the pres-
ence of  moderate and severe epithelial dysplasia. Reported 
recurrence ratios after surgery treatment have been var-
ied between 10% and 35%[18]. Kawczyk-Krupka et al[19] 
compared to efficacy of  cryotherapy and photodynamic 
treatment and reported that complete responses were ob-
tained in 72.9% and 89.2% of  patients in groups treated 
by photodynamic treatment and cryotherapy, respectively. 
Recurrence ratios were reported as 27.1% and 24.3% in 
groups treated by photodynamic treatment and cryother-
apy, respectively[19]. Pietruska et al[20] reported significant 
reduction (on average by 53.8%) of  leukoplakia lesions 
sizes after photodynamic therapy. Among patients treated 
by topical retinoic acid, while complete response ratio 
was reported between 10% and 27% of  patients, partial 
response ratio was reported between 54% and 90% of  
patients. Recurrence of  leukoplakia was reported as ap-
proximately 50% after withdrawing the topical retinoic 
acid[21].

ORAL ERYTHROPLAKIA
Erythroplakia is defined as “A fiery red patch that cannot 
be characterized clinically or pathologically as any other 
definable disease”. Clinical appearance is characterized by 
flat or even depressed erythematous change of  the mu-
cosa without a patch lesion. Both red and white changes 
in the same lesion refer to as “erythroleukoplakia”. Preva-
lence of  erythroplakia varies between 0.02% and 0.83%. 
It mainly occurs in the middle aged and the elderly. Male 
gender is most frequently affected. Mostly, a solitary le-

sion occurs over the surface of  any part of  the oral cav-
ity. But the most commonly affected areas were reported 
as the soft palate, the floor of  the mouth, and the buccal 
mucosa[14,22].

Etiopathogenesis is not known exactly[22]. Chewing 
tobacco and alcohol use are the possible etiologic fac-
tors for the development erythroplakia. Hashibe et al[23] 
reported that chewing tobacco and alcohol drinking are 
strong risk factors for erythroplakia in the Indian popula-
tion. High prevalence of  p53 mutations in premalignant 
oral erythroplakia was reported in a study designed by 
Qin et al[7]. 

Clinically, typical lesion of  oral erythroplakia is less 
than 1.5 cm in diameter, but it also be less than 1 cm 
and larger than 4 cm[22]. Histopathologically, moderate or 
severe dysplasia was usually seen in lesion with erythro-
plakia. Malignant transformation rates is very high (vary 
from 14% to 50%), so it needs to be treated expeditious-
ly[14,22]. 

Oral erythroplakia should be diminished from any 
disease which clinically appears red colour in oral cavity. 
Oral candidiasis, oral histoplasmosis, oral tuberculosis, 
atrophic OLP, lupus erythematosus, pemphigus, pem-
phigoids, amelanotic melanoma, haemangioma, telangi-
ectasia, lingual varies, Kaposi’s sarcoma, early squamous 
cell carcinoma, local irritation, mucositis, drug reaction, 
median rhomboid glossitis, and oral purpura may be con-
fused with oral erythroplakia[22,24].

Owing to the high malignant transformation rate, early 
effective treatment is mandatory[22]. Surgery, either by cold 
knife or by laser, is the recommended therapy[1]. Surgical ex-
cision may be used in lesions with severe epithelial dysplasia 
or carcinoma in situ[22].

OLP
Lichen planus was first described by Erasmus Wilson in 
1869[25]. The disease is a chronic, autoimmune, inflamma-
tory disease which may affect skin, oral mucosa, genital 
mucosa, scalp, and nails[26]. Prevalence of  OLP varies 
from 0.5% to 3%[25]. It mainly occurs among female 
gender and the age of  onset is usually between third and 
sixth decade[25,27].

Although it is believed that OLP is a T-cell mediated 
autoimmune disease, its cause is partially understood 
in most cases[28]. Several factors have been proposed 
for the etiology including genetic background, dental 
materials (amalgam, metals, gold, and composite resto-
rations), drugs (especially antimalarials, cardiovascular 
agents, gold salts, non-steroidal anti-inflammatory drugs, 
hypoglisemics), infectious agents (herpes simplex virus, 
Epstein-Barr virus, cytomegalovirus, herpes virus-6, 
hepatitis-C virus, and human papilloma virus), autoim-
munity, immunodeficiency, food allergies, stress, habits, 
trauma, diabetes and hypertension, malignant neoplasms, 
and bowel disease[26,29,30]. 

Even though OLP may affect any part of  the oral 
mucosa, most commonly affected areas are dorsum of  
the tongue (Figure 2), buccal mucosa (Figure 3), and gin-
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giva[26]. Clinically, OLP may be seen as six types including 
papular, reticular, plaque-like, atrophic, erosive, and bul-
lous type[25]. The most common type is the reticular pat-
tern which present as fine white striae known as “Wick-
ham’s striae”. Typically, lesions present symmetrically and 
bilaterally, and usually asymptomatic. Atrophic pattern 
presents as a red lesion. Erosive pattern is usually seen as 
irregular erosion or ulceration covered with a fibrinous 
plaque or pseudomembrane. Both atrophic and erosive 
pattern are generally associated with a burning sensation 
and pain that exacerbated by trauma and hot, spicy or 
acidic foods. Plaque type clinically resembles leukoplakia 
because of  its homogenous white nature. The dorsum 
of  the tongue and buccal mucosa are the most affected 
areas in the oral cavity of  patients with plaque type OLP. 
Multifocal plaque type lesions may be seen. This subtype 
is more common among tobacco smokers. The papular 
pattern, which is rarely seen, is characterized by small, 
white, raised papules with fine white striation at the pe-
riphery of  the lesion. Bullous pattern is the least com-
mon type of  OLP that characterized by bullae formation 
range from a few millimeters to several centimeters in 
diameter[26].

In 1906, Dubrell first described the histologic features 
of  OLP, but within the next years, it has been revised. 
Diagnostic histologic features include liquefactive degen-
eration of  the basal cells, colloid bodies (known as Civatte 
bodies), homogenous infiltrate of  lymphocytes in a 
dense, band-like pattern along the epithelium-connective 
tissue interface in the superficial dermis, cytologically 
normal maturation of  the epithelium, sawtooth rete ridg-
es, and hyperkeratosis. In erosive lichen planus, ulceration 
may be seen in the surface epithelium[31].

The first case of  OLP-related oral carcinoma was re-
ported by François Henri Hallopeau in 1910. Malignant 
transformation ratio has been reported in 0% to 10% 
of  patients, according to the sample’s characteristics and 
study design, after mean follow-up of  1.5 to 10 years[25]. 
Increased malignant transformation risk occurs greater in 
erosive and atrophic forms and in cases of  lesions of  lat-
eral border of  the tongue[27].

If  there are Wickham’s striae typically, the diagnosis 
is easy and can be made clinically, especially reticular 

pattern of  OLP. But erosive or atrophic pattern need 
to be confirmed by biopsy in order to make the correct 
diagnosis[32]. Direct immunofluorescence may be useful 
to distinguish from some bullous diseases such as pem-
phigus vulgaris, benign mucous membrane pemphigoid, 
and linear immunoglobulin A (IgA) bullous dermatitis[31]. 
IgA, IgG, IgM or C3 deposition throughout the base-
ment membrane and irregular fibrinogen deposition in 
the basement membrane are the diagnostic immunofluo-
rescence findings in OLP and positivity rate is 65.8% of  
the patients with OLP[33]. Indirect immunofluorescence 
studies are not useful in terms of  diagnosis[32].

Patients with reticular and other asymptomatic OLP 
can be followed without treatment. But if  there are any 
symptoms and/or potential malignant risk, lesions should 
be treated. Both topical and systemic treatment modali-
ties have been reported for OLP, shown in Table 2[31,34-36].

ORAL SUBMUCOUS FIBROSIS
Oral submucous fibrosis, was first described by Schwartz 
in 1952, is chronic and potentially malignant disorder 
characterized by juxtaepitelial fibrosis of  the oral cavity. 
Fibroelastic change of  the lamina propria and epithelial 
atrophy occur in consequence of  juxta epitelial inflam-
matory reaction, and eventually, stiffness of  oral mucosa, 
trismus and an inability to eat develops[37].

OSMF is usually seen in Asians population (particu-
larly Indians) from the southern states and Taiwanese. 
Predominantly, it occurs in the second and third decade, 
and both sexes may be affected[37]. But in patients with 
pediatric age group were rarely seen[38-40]. Paymaster firstly 
described its premalignant nature in 1956. This malignant 
transformation rate was reported 7%-30%[37].

Its etiology is not well-known and thougt to be mul-
tifactorial[37]. The strongest risk factor for OSMF is the 
chewing of  betel quid containing areca nut. Other factors 
like genetic and immunologic predisposition also play 
a role in OSMF because of  reported in families whose 
members are not in the habit of  chewing betel quid or 
areca nut[41]. Ranganathan et al[42] designed a case-control 
study consisting of  185 patients in Chennai, South In-
dia and reported strong association between areca nut 
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use and OSMF. Mehrotra et al[43] firstly investigated lipid 
profile in Indian patients with OMSF, and they observed 
a significant decrease in plasma total cholesterol, high-
density lipoprotein cholesterol (HDL) cholesterol and 
Apo-A1 in patients with OSMF as compared to the 
controls. Similarly, Kumar et al[44] reported a statistically 
significant decrease in plasma total cholesterol, LDL and 
HDL cholesterol in patients with OSMF as compared 
to controls. Arakeri et al[45,46] observed that the mean 
concentration of  copper in the home drinking water of  
patients with OSMF was significantly higher than in con-
trols. Patients with OSMF also had a significantly higher 
copper concentration in serum and saliva, and serum ce-
ruloplasmin than controls[45,46]. Aggarwal et al[47] reported 
that the serum beta carotene levels was significantly lower 
in patients with OMSF than in the controls. From these 
results, authors suggested that beta carotene plays an im-
portant role in the pathogenesis of  OMSF and should be 
treated with a diet rich in beta carotene in order to reduce 
disease severity and progression towards malignancy[47]. 
Higher mast cell density as another possible pathogenic 
factor in patients with OSMF was suggested by Del Vec-
chio et al[48].

Symptoms such as burning sensation and/or intoler-
ance to spicy food are the most common symptoms in 
the initial phase of  the disease. Over time, it gradually 
progresses and fibrosis develops that can affect mouth 
opening[37]. Haider et al[49] proposed clinical and functional 
staging of  OMSF, shown in Table 3.

Isaac et al[50] investigated histopathologic features of  
OSMF and observed some mucosal and submucosal 
changes. Mucosal changes such as atrophic changes, pig-
ment incontinence, ulceration with granulation tissue, 
hyperplastic changes, dysplasia, and carcinoma were seen 
74.3%, 62.8%, 40%, 25.7%, 8.6% and 0%, respectively. 
Submucosal changes such as fibrosis, diffuse chronic in-
flammatory infiltrate, atrophy of  minor salivary glands, 
skeletal muscle atrophy, bandlike infiltrate, edema and 

congestion, and vesicle formation were observed 100%, 
100%, 85.7%, 57.1%, 45.7%, 22.8%, and 2.8%, respec-
tively[50].

Three current treatment modalities including surgical, 
physical, and medical are available for the management 
of  OSMF. Surgical treatments may be used to improve 
mouth opening and movements. Physical treatment in-
cluding physical exercise regimen, splints or other mouth 
opening devices, and microwave diathermy may be useful 
in some patients with OSMF. There are numerous medical 
therapy alternatives such as steroids, interferon gamma, 
placental extracts, immunized milk, pentoxifylline, bu-
flomedil hydrochloride, nylidrin, isoxsuprine, β-carotene, 
lycopene, vitamins, micronutriens, collagenase, hyaluroni-
dase, chymotrypsin, and aloe vera[37,51-57].

ACTINIC CHEILITIS
Actinic cheilitis is a potentially malignant disease of  the lip 
caused by exposure solar radiation. It is commonly seen 
the surface area of  the lower lip due to the anatomic prox-
imity. In addition to solar rays, tobacco use, lip irritation, 
poor oral hygiene, and ill-fitting dentures may play a role in 
the development of  actinic cheilitis. The disease predomi-
nantly occurs in men compared to the women[58]. Martins-
Filho et al[59] reported that the prevalence of  actinic cheilitis 
in farmers in a semi-arid area of  Brasil was 16.7%.

While actinic cheilitis shows erythema and edema in 
the early stages of  the disease, diffuse scaling, thickened 
epithelium with small greyish-white plaques (known as 
leukoplakia), inflammatory areas (known as erythroleukopla-
kia), and linear fissures may present in the late stages of  
the disease[58]. Malignant transformation rate has been es-
timated ranging from 1.4% to 36% at an interval of  1 to 
30 years[60]. Diagnosis should be confirmed by biopsy to 
evaluate the degree of  dysplasia. Histopathologically, hy-
perplasia, acanthosis or atrophy of  the epithelium, thick-
ening of  the keratin layer, and/or dysplasia, which may 
range from mild to severe, may be shown. In addition to 
these epithelial changes, in connective tissue, basophilic 
degeneration of  collagen fibers, known as solar elastosis, 
is usually detected[61].

In treatment, 5-fluorouracil, scalpel vermillionectomy, 
chemical peel, electrosurgery, cryosurgery, CO2 laser, im-
iquimod, photodynamic treatment, diclofenac 0.3% gel 
can be preferred[58,60,62].

SOME INHERITED CANCER SYNDROMES
In patients with xeroderma pigmentosum and Fanconi’s 
anemia, incidence of  oral cancer has increased[1].
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  Topical treatments Systemic treatments Surgery

  Corticosteroids 
  (triamcinolone, 
  fluocinolone acetonide, 
  fluocinonide, clobetasol, 
  fluticasone propionate,   
  betamethasone sodium 
  phosphate, mometasone 
  furoate)
  Cyclosporin
  Tacrolimus
  Pimekrolimus
  Rapamycin (sirolimus)
  Retinoids (tretinoin, 
  isotretinoin)
  Aloe vera
  Hyaluronic acid 0.2% gel

Corticosteroids
Acitretin

Azathioprine
Basiliximab
Cyclosporin

Dapsone
Eiconol

Enoxaparin
Glycyrrhizin

Hydroxychloroquine
Interferon alpha

Levamisole
Mycophenolate mofetil

Thalidomide
Tetracycline
Mesalazine
Phenytoin

Griseofulvin 

Resection
Cryotherapy

Lasers 
(CO2, excimer laser)

Table 2  Miscellaneous treatment regimens for oral lichen 
planus

  Clinical stage Functional stage

  Faucial bands only Mouth opening ≥ 20 mm
  Faucial and buccal bands Mouth opening 11-19 mm
  Faucial, buccal, and labial bands Mouth opening ≤ 10 mm

Table 3  Clinical and functional staging
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IMMUNODEFICIENCY
In patients with prolonged use of  immunosuppressive 
drugs after solid organ transplants, human immunodefi-
ciency virus-patients, and chronic graft versus host dis-
ease after stem cell transplantation are the patients in risk 
group for oral cancer development[1]. 
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Abstract
Chronic rhinosinusitis (CRS) is a common disease world-
wide, with a prevalence rate of 5%-15% in the general 
population. CRS is currently classified into two types: 
CRS with and without nasal polyps. CRS may also be 
divided into eosinophilic CRS (ECRS) and non-ECRS 
subtypes based on the presence of tissue eosinophilic 
infiltration or not. There are significant geographic and 
ethnic differences in the tissue eosinophilic infiltra-
tion, which is predominant in Western white patients 
and less common in East Asians, despite an increas-
ing tendency for its prevalence in East Asia countries. 
ECRS differs significantly from non-ECRS in clinical 
characteristics, treatment outcomes and strategies, 
and underlying pathogenic mechanisms. ECRS com-
monly demonstrates more severe symptoms, polyp 
diseases with a higher incidence of bilateral polyps and 
sinonasal diseases on computed tomography, and the 
increase in blood eosinophils. ECRS is considered a 
special and recalcitrant subtype of CRS, commonly with 
poor treatment outcomes compared to non-ECRS. The 
differentiation of specific subtypes and clinical features 
of CRS will be important for developing novel treatment 
strategies and improving treatment outcomes for indi-
vidual phenotypes of CRS. This review discusses clinical 
features, diagnosis, treatment and prognosis of ECRS in 
East Asians.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic rhinosinusitis; Eosinophilic chronic 
rhinosinusitis; Eosinophils; Chronic rhinosinusitis with 
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Core tip: Chronic rhinosinusitis (CRS) is a common dis-
ease and currently classified into two types based on 
presence or absence of nasal polyps. CRS may also be 
subtyped into eosinophilic CRS (ECRS) and non-ECRS 
according to the presence of predominant tissue eosin-
ophilic infiltration or not. ECRS differs significantly from 
non-ECRS in clinical characteristics, treatment outcomes 
and strategies, and underlying pathogenic mechanisms. 
ECRS is considered a special and recalcitrant subtype 
of CRS. The identification of ECRS is helpful to develop 
treatment strategies for this CRS subtype. Herein we 
review the clinical features, diagnosis, treatment and 
prognosis of ECRS in East Asians.

Wang ET, Zheng Y, Liu PF, Guo LJ. Eosinophilic chronic rhino-
sinusitis in East Asians. World J Clin Cases 2014; 2(12): 873-882  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i12/873.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i12.873

INTRODUCTION
Chronic rhinosinusitis (CRS) is one of  the most com-
mon chronic diseases worldwide, with a prevalence rate 
of  5%-15% in the general population in Europe and the 
United States[1] and 7% in South Korea[2]. CRS remains a 
significant public health problem with a considerable so-
cioeconomic burden[3]. In the current practice guidelines 
of  Europe, the United States and China, CRS is classified 
into two types based on the presence or absence of  nasal 
polyps: CRS with nasal polyps (CRSwNP) and CRS with-
out nasal polyps (CRSsNP)[1,4,5]. Eosinophilic inflamma-
tion is considered a major pathologic hallmark of  CRS. 
Histological studies demonstrate the predominant tissue 
eosinophilic infiltration with a high proportion of  CRS 
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cases, most prominently with CRSwNP cases[1]. Thus, 
CRS may be classified into two subtypes: eosinophilic 
CRS (ECRS) and non-eosinophilic CRS (NECRS). Simi-
larly, CRSwNP may also be subclassified into ECRSwNP 
and NECRSwNP[6-19]. However, the tissue eosinophilic 
infiltration in CRS shows significant geographic and eth-
nic differences. Eosinophilic infiltration is predominantly 
observed in Western white patients with CRS, accounting 
for more than 80% of  CRS cases[1,4,18], while the eosino-
philic phenotype is less than 50% of  CRS cases in East 
Asia countries including Japan[13-15,20], South Korea[17,21,22] 
and China[11,16,23,24]. However, recent studies indicate an 
increasing tendency for the prevalence of  ECRS in these 
Asia countries[12,13,15,20,21,25]. Studies show that ECRS dif-
fers significantly from NECRS in clinical characteristics, 
underlying pathogenic mechanisms, treatment outcomes 
and strategies[1,6,10,11,13,15,16,20,26-28]. ECRS is considered a 
special subtype of  CRS[10,13,15] and also a subtype of  recal-
citrant CRS, which commonly has worse disease severi-
ty[8,18,19,29] and poorer treatment outcomes[19,28,30] compared 
to NECRS. For example, ECRSwNP is refractory to the 
combined treatments of  endoscopic sinus surgery (ESS) 
and macrolide therapy and shows a strong tendency for 
recurrence after surgery but responds to systemic steroid 
therapy[13-15]. Thus, identifying specific subtypes of  CRS 
and underlying pathogenic mechanisms will be important 
for developing novel treatment strategies and improv-
ing treatment outcomes for individual phenotypes of  
CRS[10,29].

ROLES OF EOSINOPHILS IN ECRS
CRS is a heterogeneous disease to which numerous etiol-
ogies contributed. Although intensive investigations have 
been performed, the etiology, pathogenesis and underly-
ing mechanisms of  CRS are not fully understood[1,15,31,32]. 
The dominant eosinophilic inflammation for CRS indi-
cates that eosinophils play a key role in the pathogenesis 
of  CRS, especially in CRSwNP[1], although many kinds 
of  other inflammatory cells including neutrophils, mass 
cells, lymphocytes and plasma cells also have important 
roles in the pathogenesis of  CRS[27,33] (Figure 1). 

Eosinophils develop from CD34+ progenitors in the 

bone marrow and migrate into the bloodstream, and they 
are recruited to disease sites by chemokines or cytokines, 
where eosinophils can perform and participate in a vari-
ety of  functions, including antigen presentation, cytokine 
or chemokine production, and secretion of  granule medi-
ators[34-36]. The ability of  eosinophils to process and pres-
ent antigens has been generally underestimated and this 
function can be added to the growing list of  mechanisms 
by which eosinophils regulate the immune system[34]. Eo-
sinophils store preformed cytokines in granules that can 
be released rapidly upon antigenic provocation[36]. These 
eosinophil-derived cytokines can be T helper 2 (Th2) 
cytokines such as interleukin (IL)-13 that act directly on 
T cells, as well as other inflammatory cytokines that can 
prime antigen presenting cells and the vascular endothe-
lium to secrete chemokines and cytokines that recruit and 
activate T cells[34].

Studies indicate significant roles of  T cell regula-
tion in CRS. CRS appears to be a disease mediated by 
CD4+ T cells that can be functionally divided into Th1 
or Th2 phenotype based on their patterns of  cytokine 
secretion. It is found that among West white patients 
with CRS, CRSsNP is characterized by Th1 polariza-
tion, whereas CRSwNP by predominant Th2, with high 
levels of  Th2-type cytokines including IL-4, IL-5 and 
IL-13[37]. CRSwNP also is characterized by a Th2-driven 
eosinophilic inflammation in tissue[37,38]. However, stud-
ies suggest that East Asians with CRSwNP present dif-
ferent immunopathologic features compared with West 
white patients[17,24,39]. For example, CRSwNP in Chinese 
demonstrates a Th1/Th17 cell pattern with minor eo-
sinophilic inflammation[24]. Th2-dominated reactions can 
only be found in ECRSwNP instead of  all CRSwNP 
cases, suggesting that Th cell responses may exert dif-
ferent impacts on the pathogenesis of  ECRSwNP and 
NECRSwNP[16,17,24]. There are interactions between T 
cells and eosinophils. It is conventionally viewed that the 
T cell–eosinophil interactions are primarily based on the 
activation of  eosinophils by T cells via cytokines, but it 
is suggested that eosinophils also have the capacity to 
activate T cells to produce cytokines[40,41]. Eosinophils by 
secreting specific cytokines or chemokines have a more 
central role in Th2 responses in CRS[34].
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Figure 1  Hematoxylin and eosin staining for nasal polyp tissues. Predominant eosinophil infiltration is showed in the subtype of eosinophilic chronic rhinosinusitis 
with nasal polyps (A), but other forms of inflammatory cell infiltration in the subtype of non-eosinophilic chronic rhinosinusitis with nasal polyps (B) (× 400).



CLINICAL FEATURES OF ECRS
Many studies have shown that ECRS differs from 
NECRS in clinical features[ 13,14,15]: (1) ECRS often shows 
the symptom of  olfactory dysfunction in its early stage; 
(2) ECRS commonly demonstrates multiple and bilateral 
nasal polyps, with highly viscous mucus secretion, while 
NECRS mostly with mucopurulent discharge; (3) ECRS 
tends to have bilateral sinus diseases on sinonasal com-
puted tomography (CT), with a predominant disease in the 
ethmoid sinus especially in early stage, while NECRS in the 
maxillary sinus; (4) Co-existence of  asthma is more com-
mon in ECRS; (5) Most of  ECRS cases show the increase 
of  peripheral blood eosinophils; (6) ECRS demonstrates 
dominant tissue eosinophilic infiltration; (7) In medical 
treatments, local or systemic steroid therapy is more effec-
tive for ECRS compared to macrolide therapy, while mac-
rolide is effective for NECRS; and (8) ECRS shows strong 
tendency for nasal polyp recurrence after surgery, but sys-
temic steroid is effective for the recurrent nasal polyps. 

Symptoms of ECRS
Many studies indicate that ECRS commonly has more 
severe disease and higher symptom score compared to 
NECRS[8,18,19,29]. A recent study shows the mean severity 
score of  symptoms including olfactory dysfunction, nasal 
obstruction, and nasal discharge in ECRS is significantly 
higher than that in NECRS[42]. Previous studies have 
shown that there is a close correlation between symptoms 
and tissue eosinophil infiltration in CRS[18,43]. However, a 
recent study shows no significant differences in the symp-
tom severities of  nasal obstruction, nasal discharge, and 
facial pain aside from smell dysfunction between ECRS 
and NECRS cases[10]. Another study also shows no dif-
ference in visual analogue scale (VAS) score or duration 
of  symptoms between ECRSwNP and NECRSwNP 

patients[11], suggesting that the two subtypes may have an 
equivalent severity of  symptoms. Similarly, ECRSwNP 
and NECRSwNP patients may present with comparable 
symptom scores[44]. In our recent study, a significant dif-
ference in the mean VAS score of  symptoms between 
the ECRSwNP and NECRSwNP patients was also not 
found (Table 1). 

CRS is one of  the most frequent causes of  olfactory 
dysfunction (reduction or loss of  smell) and accounts 
for 21%-25% of  cases with smell loss[45-48]. Meanwhile, 
olfactory dysfunction affects about 60% of  CRS pa-
tients[4]. Olfactory dysfunction is related to the severity 
of  CRS, especially when with nasal polyps[49]. A study 
shows that 38% of  CRS patients present with olfactory 
dysfunction, which is affected by nasal polyps, and the 
prevalence of  olfactory dysfunction is 57% in CRSwNP 
and 13.7% in CRSsNP, respectively[20]. A recent report 
indicates that smell dysfunction is a very common symp-
tom in CRSwNP, even accounting for 96.5% of  cases[41]. 
Olfactory dysfunction is a more predominant and char-
acteristic symptom of  ECRS and tends to occur in the 
early stage of  ECRS[10,13-15,20,50]. This symptom is more 
severe and common in ECRS compared to NECRS[42]. 
A study shows that there is a high prevalence of  olfac-
tory dysfunction in ECRS (78.9%) compared to NECRS 
(25.9%)[20]. Olfactory dysfunction is reported to be asso-
ciated with olfactory cleft opacification on CT images[51]. 
Nasal polyps occur more commonly in the olfactory cleft 
in ECRS compared to NECRS[42]. Edematous swelling 
or polyposis of  the middle turbinate, which is often ob-
served in ECRS patients, increases the opacification of  
the olfactory cleft and causes olfactory impairments[13]. 
Studies indicate that olfaction score is influenced by mu-
cosal eosinophilic infiltration, with lower olfaction score 
in ECRSwNP as compared to NECRSwNP[29,52]. A study 
shows that there are no statistically significant differences 
in the VAS scores of  nasal obstruction, nasal discharge, 
headache or overall symptoms, but a statistically signifi-
cant difference is found in relation to problems of  smell 
between the patients with high and low infiltration of  eo-
sinophils in the ethmoidal sinus mucosa[50]. But in our re-
cent study, no statistically significant difference in olfacto-
ry dysfunction scores was found between ECRSwNP and 
NECRSwNP (Table 1). The patients with ECRSwNP 
seemed to have a shorter duration of  symptoms than 
NECRSwNP patients although this difference was not 
significant statistically (Table 1). 

Polyps in ECRS
ECRS commonly exhibits multiple and bilateral nasal 
polyps compared to NECRS[13-15], and the polyps com-
monly exist in the olfactory cleft[42]. Although a previous 
study shows that there is not a significant difference in 
endoscopic scores of  nasal polyps between ECRSwNP 
and NECRSwNP subtypes[29], many studies demonstrate 
that ECRSwNP often present with a higher endoscopic 
score of  nasal polyps compared with NECRSwNP[10,18]. 
Our recent study showed that ECRSwNP presented with 
a higher score of  nasal polyps and a higher incidence of  
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 ECRSwNP NECRSwNP

  n (%) 27 (45%) 33 (55%)
  Age (yr), mean ± SD 46.93 ± 12.35 40.27 ± 13.47
  M/F 20/7 24/9
  With AR (%) 74.10% 48.5%
  With asthma (%) 18.50% 12.1%
  Duration of symptom (yr) 5.50 ± 3.92 8.55 ± 6.93
  VAS 4.04 ± 1.01 3.99 ± 1.09
  Score of olfactory dysfunction 5.59 ± 2.54 5.21 ± 2.66
  Score of polyps 3.59 ± 1.11b 2.06 ± 0.82
  Incidence of bilateral polyps 92.6%b 39.9%
  Score of disease on CT 14.42 ± 3.84b 9.64 ± 3.37
  Serum IgE (kU/L) 236.72 ± 157.77 167.97 ± 176.77
  Blood eosinophil count (× 109/L) 0.44 ± 0.24b 0.21 ± 0.11
  Blood eosinophil percentage (%) 6.49 ± 3.27b 3.42 ± 1.87
  Tissue eosinophil count/HPF 31.56 ± 21.37b 0.91 ± 0.80

Table 1  Demographic and clinical characteristics of eosinophilic 
chronic rhinosinusitis with nasal polyps and non-eosinophilic 
chronic rhinosinusitis with nasal polyps

bP < 0.01 vs NECRSwNP. ECRSwNP: Eosinophilic chronic rhinosinusitis 
with nasal polyps; NECRSwNP: Non-eosinophilic chronic rhinosinusitis 
with nasal polyps; M/F: Male/female; AR: Allergic rhinitis; VAS: Visual 
analogue scale; HPF: High power field; CT: Computed tomography.
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bilateral nasal polyps when compared with NECRSwNP 
(Table 1 and Figure 2). 

In addition, endoscopic examination indicates that most 
of  patients with ECRS demonstrate sinonasal mucus secre-
tion with high viscosity, while NECRS is common with mu-
copurulent discharge[13-15]. It was found in our recent study 
that more than half  (55.6%) of  27 ECRSwNP patients 
showed highly viscous mucus secretion, but less than a third 
(30.3%) of  33 NECRSwNP patients presented with this 
condition.

CT findings in ECRS
The Lund-Mackay scoring system is widely used to evalu-
ate the disease severity of  CRS on sinonasal CT[1,4,53,54]. 
CRSwNP tends to have a higher score of  disease on CT 
compared with CRSsNP[41]. CT imaging also is a powerful 
tool to differentiate ECRS from NECRS[13]. Studies show 

that there are significant differences in the disease scores 
of  most sinuses aside from maxillary sinus between 
ECRS and NECRS[13,15]. ECRSwNP presents with higher 
disease scores on CT compared to NECRSwNP[18,27], 
although an obvious difference in CT scores between 
ECRSwNP and NECRSwNP subtypes is not found in 
some studies[11,29]. In addition, CT studies show that sinus 
diseases commonly occur bilaterally in ECRS compared 
to NECRS[13-15]. Our recent study showed significant dif-
ferences in the mean score of  total diseases in all sinuses, 
the mean number of  involved sinuses, the percentage 
of  cases with involvement of  all sinuses, and the inci-
dence of  bilateral diseases in individual sinuses between 
ECRSwNP and NECRSwNP (Table 2 and Figure 3). 

In terms of  individual sinuses, ECRS patients espe-
cially in their early stages often have predominant dis-
eases in the ethmoid sinuses[13-15,20,42]. A previous study 
shows that there is a significant correlation between the 
severity of  eosinophilic infiltration in the ethmoidal mu-
cosa and the disease on CT[55]. Ethmoidal sinus lesions 
are readily detected by CT in patients with CRS accompa-
nied by severe eosinophil infiltration[50]. Involvement of  
the posterior ethmoid sinus is one of  the most apparent 
differences in CT images between ECRS and NECRS. In 
the early stage of  ECRS, CT images can demonstrate the 
opacification of  the posterior ethmoid sinus[15]. A study 
shows that the posterior ethmoid sinus is more com-
monly involved in ECRSwNP compared to NECRSwNP, 
whereas both the anterior and posterior ethmoid sinuses 
are similarly involved in NECRSwNP, and CT score of  
the posterior ethmoid has a good accuracy as a predictor 
of  ECRSwNP in a Japanese population[13]. Our recent 
study showed that ECRSwNP had a higher incidence of  
bilateral diseases and a higher disease score in the ante-
rior or posterior ethmoid sinus compared to NECRS, but 
ECRSwNP had similar disease scores in its anterior and 
posterior ethmoid sinuses, while NECRS showed a high-
er disease score in the anterior ethmoid sinus compared 
with the posterior ethmoid sinus (Table 2). 

The maxillary sinus is most often involved in CRS. 
The middle meatus or ostiomeatal complex (OMC) has 
a fundamental role in the pathogenesis of  CRS[1]. As the 
drainage from the sinus to the middle meatus or OMC 
is impaired, the sinus becomes secondarily involved. Ac-
cording to this pathogenesis, sinuses that are most likely 
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Figure 2  Nasal endoscopic findings. Polyps in eosinophilic 
chronic rhinosinusitis with nasal polyps (A) and in non-eosinophilic 
chronic rhinosinusitis with nasal polyps (B).

A B

ECRSwNP
(n  = 27)

NECRSwNP
(n  = 33)

  Total disease score of sinuses 14.42 ± 3.84b 9.64 ± 3.37
  Number of involved sinuses  7.88 ± 1.22b 5.64 ± 1.49
  Percentage of involvement in all sinuses 23.1%a 3.0%
  Incidence of bilateral diseases in individual sinuses
     Frontal   53.8%b 12.1%
     Sphenoid   38.5%a   9.1%
     Anterior ethmoid   53.8%a 12.1%
     Posterior ethmoid 100.0%b 75.8%
     Maxillary   96.2%a 69.7%
     OMC   69.2%a 36.4%
  Score of diseases in individual sinuses
     Frontal  1.81 ± 1.51a 0.88 ± 0.91
     Sphenoid  1.23 ± 1.28a 0.55 ± 0.76
     Anterior ethmoid  3.27 ± 0.90b 2.27 ± 0.87
     Posterior ethmoid  3.04 ± 1.04b 1.52 ± 0.95
     Maxillary 2.23 ± 0.43 2.15 ± 0.69
     OMC 2.85 ± 1.60 2.27 ± 1.20

Table 2  Computed tomography features of eosinophilic 
chronic rhinosinusitis with nasal polyps and non-eosinophilic 
chronic rhinosinusitis with nasal polyps

aP < 0.05, bP < 0.01 vs NECRSwNP. Scoring for sinus diseases on computed 
tomography (CT): 0 = normal, 1 = partial opacification, and 2 = total opaci-
fication; these points are applied to individual sinuses on each side; OMC 
is graded as 0 = not occluded, or 2 = occluded; deriving a maximum score 
of 12 per side. ECRSwNP: Eosinophilic chronic rhinosinusitis with nasal 
polyps; NECRSwNP: Non-eosinophilic chronic rhinosinusitis with nasal 
polyps; OMC: Ostiomeatal complex. 
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to be affected are the maxillary sinus and anterior eth-
moid sinus that connect to the middle meatus or OMC 
through the small ostia. However, ECRS has predomi-
nant disease in the ethmoid sinus, while NECRS in the 
maxillary sinus[13-15,20], and the posterior ethmoid sinus 
that does not directly connect with the middle meatus 
is involved in similar to the anterior ethmoid sinus even 
in the early stage for ECRS patients. This suggests that 
pathological changes in the middle meatus or OMC may 
be of  less importance for the pathogenesis of  ECRS, 
namely, the pathogenesis of  ECRS is different from that 
of  NECRS[15]. A recent study reveals that OMC obstruc-
tion is correlated with sinus disease only for patients with 
CRSsNP but not CRSwNP[56]. It is thought that ECRS 
may not be associated with OMC occlusion[8]. 

In contrast to NECRS patients who have often a 
predominant disease in the maxillary sinus, patients with 
ECRS have commonly a predominant disease in the eth-
moid sinus especially in the early stage[9,13-15,20]. Our recent 
study showed that ECRSwNP had higher disease scores 
in frontal, sphenoid, anterior and posterior ethmoid si-
nuses than NECRSwNP, but there was not a significant 
difference in maxillary or OMC disease score between 
ECRSwNP and NECRSwNP (Table 2), which indicated 
that ECRSwNP had predominant disease in the eth-
moid sinus including the anterior and posterior ethmoid 
sinuses, while NECRSwNP had similar involvement of  
the anterior ethmoid and maxillary sinuses but with less 
involvement in the posterior ethmoid sinus.

Co-morbid allergic rhinitis or asthma in ECRS
Inflammation in the upper respiratory tract affects the 
lower respiratory tract and vice versa. The concept of  the 
unified airway is proposed based on evidence from epi-
demiological, pathophysiological, and treatment outcome 
studies, indicating the existence of  similar inflammatory 
responses and the shared pathophysiological mechanisms 
between allergic rhinitis (AR), asthma and CRS[20,57,58].

Some studies demonstrate that 25%-58% of  individuals 
with CRS have AR[59,60]. A recent study shows that 67.2% of  
418 patients with CRS have AR, and 76.8% of  190 patients 
with ECRS and 59.2% of  228 patients with NECRS have 
AR[42]. However, some studies show that there is not a sta-
tistically significant difference in the coexistent rate of  AR 
between ECRSwNP and NECRSwNP[11,22], and a similar 
finding was also found in our case cohort (Table 1). 

The clinical relationship between CRS and asthma 
has been known for many years. CRS and asthma coex-
ist often clinically and they share some histopathologic 
features such as chronic eosinophilic inflammation, epi-
thelial damage, and basement membrane thickening of  
the airway mucosa[61]. It is reported that the prevalence 
of  asthma in CRS patients is 20%-50%[13,18,20,41,42,62,63] 
and even more than 50%[61]. However, there is a lower 
prevalence of  asthma (2%-3%) in CRS patients in China 
compared with the Western population[64]. This difference 
may result from distinct immunopathologic characteris-
tics of  CRS in Chinese patients, specifically from lower 
levels of  eosinophilic inflammation[16,24,64-66]. CRS espe-
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Figure 3  Computed tomography findings. Axial and frontal sections in the subtypes of eosinophilic chronic rhinosinusitis with nasal polyps (ECRSwNP) (A and C) 
and non-eosinophilic chronic rhinosinusitis with nasal polyps (NECRSwNP) (B and D). Predominant diseases in bilateral anterior and posterior ethmoid sinuses are 
showed in ECRSwNP, while predominant diseases in anterior ethmoid sinuses in NECRSwNP. 
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cially CRSwNP is commonly associated with asthma[31]. 
The association of  CRSwNP and asthma is well estab-
lished, and CRSwNP in white population of  Europe and 
the United States represents often a form of  severe and 
difficult-to-treat eosinophilic airway inflammation, which 
frequently is linked to co-morbid asthma[1]. Eosinophilic 
inflammation is considered a common mechanism in 
both CRSwNP and asthma[67]. It is reported that among 
2176 cases with CRSwNP, 37.5% present with asthma[68]. 
A recent study shows that among 182 patients with 
CRSwNP, the percentage of  patients with asthma is as 
high as 94%[69]. Asthma is known to be often concur-
rent with ECRS[14,42,70]. A study shows that 34.7% of  190 
patients with ECRS, but only 9.6% of  228 patients with 
NECRS, present the coexistence with asthma[42]. Co-
morbid asthma is one of  typical features for ECRS[13]. 
Association of  ECRSwNP with asthma is widely ac-
cepted[12]. Some authors believe that ECRS and asthma 
share similar histopathologic features and are the same 
inflammatory process demonstrating in different sites of  
the respiratory tract[61,67]. 

A study shows that in Chinese patients with CRSwNP, 
the incidence of  asthma (15.9%) in ECRSwNP is higher 
than that (3.6%) in NECRSwNP[9]. Another study shows 
that the prevalence of  asthma in ECRSwNP is higher 
than that in NECRSwNP, but the difference does not 
reach statistical significance[11]. And also, there are the 
studies showing no significant difference in the preva-
lence of  asthma between ECRSwNP and NCRSwNP 
patients[11,22], which may be due to the low prevalence 
of  asthma among CRS patients in China[64]. A statisti-
cally significant difference in the incidence of  asthma 
between ECRSwNP and NECRSwNP patients was also 
not found in our recent study (Table 1). Although asthma 
is often seen in patients with ECRS, co-morbidity with 
asthma may not be a diagnostic criterion for ECRS be-
cause about half  of  ECRS cases are not associated with 
asthma[15].

IgE and ECRS
CRS is a form of  eosinophil-dominated inflammation. 
Some factors result in local production of  IgE, which 
may contribute to severe eosinophilic inflammation. 

There is a significant correlation between the concen-
tration of  IgE and the number of  eosinophils in nasal 
polyp tissue[38]. Some ECRS patients show the elevation 
of  total or specific IgE level[6,15,44]. ECRSwNP patients 
demonstrate increased blood IgE levels compared with 
NECRSwNP[11,27]. A study shows that the amount of  tis-
sue eosinophils in CRSwNP is related to eosinophilia of  
the peripheral blood, but no significant correlation exists 
between elevated serum IgE and the increase of  tissue 
or blood eosinophils, indicating that atopic conditions 
may play a minor role in the pathogenesis of  CRSwNP in 
Koreans[17]. It is showed that only less than half  of  CRS 
patients present with the increased blood IgE and thus 
eosinophilic inflammation is not likely driven by an IgE 
mechanism[61]. A study shows the absence of  a significant 
difference in total serum IgE levels between ECRS and 
NECRS patients, suggesting that systemic IgE does not 
greatly contribute to the pathophysiology of  ECRS[13]. 
Also, a recent study shows that although total serum IgE 
in ECRS is higher than that in NECRS (120.3 vs 48.0 
kU/L), the difference is not statistically significant[10]. 
Similarly, a significant difference in serum IgE levels be-
tween ECRSwNP and NECRSwNP was not found in 
our recent study (Table 1). 

DEFINITION OR DIAGNOSIS OF ECRS
Currently ECRS is determined primarily based on tis-
sue eosinophilic infiltration, but there is not a well-
defined criterion of  the tissue eosinophilic infiltration 
for diagnosis of  ECRS. In some studies, ECRS including 
ECRSwNP is defined as tissue eosinophil count per high 
power field (HPF) more than 5 eosinophils[18,21,29,64], 10 
eosinophils[8,30], or 20 eosinophils[9], even more than 100 
eosinophils[27,42], as well as the percentage of  eosinophils 
in tissue-infiltrated inflammatory cells exceeding 5%[17], 
10%[16,66,71] or 15%[20]. In our recent study tissue eosino-
phil count more than 5 eosinophils/HPF was used as a 
criterion for ECRSwNP based on the frequency of  cases 
with individual eosinophil counts in nasal polyp tissues 
(Figure 4). 

Tissue eosinophilic infiltration, based on which ECRS 
is determined, is commonly identified after surgery by 
histopathological examination. Therefore, this approach 
may be quite unpractical because it is difficult to obtain 
the diagnostic information before surgery or from the 
patients treated only with medicines. While peripheral 
blood eosinophilia has a certain diagnostic value for 
ECRS[15], because the close correlation between the num-
ber of  peripheral blood and tissue-infiltrated eosinophils 
has been shown in several studies[9-11,15,17,18,27,42]. It is easy 
to understand the close association of  blood eosinophils 
with ECRS because the tissue-infiltrated eosinophils are 
recruited via bloodstream to disease sites of  ECRS. Many 
studies have shown that ECRSwNP presents with a sig-
nificant increase in the peripheral blood eosinophil count 
or percentage compared to NECRSwNP[9,11,13,52]. Our 
recent study also showed the existence of  a close correla-
tion between tissue eosinophil count and blood eosino-
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Figure 4  Frequency distribution and range of tissue eosinophil count per 
high power field for 60 patients with chronic rhinosinusitis with nasal polyps.
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phil count or percentage in ECRSwNP patients, but not 
in NECRSwNP patients. Thus, the increased peripheral 
blood eosinophil count or percentage is considered a 
good marker or predictor of  ECRSwNP[9,11,13,52]. Some 
studies show that blood eosinophil count or percent-
age in ECRS subtype is significantly higher than that in 
NECRS subtype[9,11,13,52]. It is found by receiver operating 
characteristic curve analysis that blood eosinophil count 
or percentage has high sensitivity and specificity for the 
diagnosis of  ECRS[9,11,13,52] (Table 3). 

Our recent study also showed that there was a statistical-
ly significant difference in mean blood eosinophil count or 
percentage between ECRSwNP and NECRSwNP patients 
(Table 1). However, it was notable that neither all patients 
with ECRSwNP had the increased circulating eosinophils 
nor all patients with NECRSwNP showed a normal level 
of  blood eosinophil count. For example, only 10 of  
27 patients with ECRSwNP showed blood eosinophil 
counts more than normal range and 2 of  33 patients 
with NECRSwNP had the increase of  eosinophil count. 
Therefore, ECRS or NRECR can not be determined only 
based on if  blood eosinophils increase. 

The definition or diagnostic criterion for ECRS is 
very important since ECRS differs from NECRS in treat-
ment strategy. However, there is not yet a clear definition 
or diagnostic criterion to differentiate ECRS and NECRS 
subtypes. Recently, new diagnostic criteria for ECRS have 
been proposed[13], in which the diagnosis of  ECRS is 
finally determined by the clinical symptoms, nasal endos-
copy, sinonasal CT imaging, peripheral blood test, and 
histological examination[13,15].

TREATMENT AND PROGNOSIS FOR 
ECRS 
ESS has been used widely for the treatment of  CRS. Out-
standing short- and long-term results of  ESS in CRS have 
previously been reported in the literature[41,68,72-75]. The im-
pact of  ESS on the improvement in CRS-related symp-
toms postoperatively is remarkable. However, some of  
CRS patients are inadequately controlled despite receiving 
combination of  maximal medical therapy and ESS[1]. A 
wide variety of  factors contribute to poor disease con-
trol, including patient-related factors such as ECRS[76]. It 
is believed that NECRS can be relatively well controlled 
with a combination of  ESS and macrolide therapy, 
whereas ECRS is unresponsive to macrolide therapy[13]. 
Many studies indicate that ECRS commonly has poorer 

treatment outcomes compared to NECR[14,19,28,30,76,77]. For 
example, ECRSwNP is refractory to the combined treat-
ment of  ESS and macrolide therapy and shows a strong 
tendency for recurrence after surgery[13-15,27]. 

However, a recent study suggests that eosinophilic in-
flammation in CRS may not be related to the surgical out-
come in South Koreans[22]. Another study also shows that 
the presence or absence of  tissue eosinophilic infiltration 
does not impact significantly on the time interval to revi-
sion surgery[78]. Our recent study showed that in terms 
of  the short-term efficacy of  ESS in CRSwNP, both 
ECRSwNP and NECRSwNP patients had significant 
improvement in symptoms aside from smell dysfunction 
at one-week follow-up after ESS, but there was no sig-
nificant difference in symptom improvement between the 
two subgroups.

CONCLUSION
In conclusion, CRS can be subclassified into two sub-
types: ECRS and NECRS. The prevalence of  ECRS 
is increasing in East Asians in the recent years. ECRS 
differs from NECRS in clinical features and treatment 
outcomes; however, there is not yet a universally accepted 
definition or diagnostic criterion for ECRS, and also the 
underlying pathogenic mechanisms of  ECRS are not 
well-understood. Identification of  ECRS subtypes and 
underlying pathogenic mechanisms is key to developing 
treatment strategies for the phenotypes of  CRS. 
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Abstract
AIM: To investigate whether congenital lumbar spinal 
stenosis (CLSS) is associated with a specific degenera-
tive changes of the lumbar spine. 

METHODS: The lumbar spine magnetic resonance 
imaging studies of 52 subjects with CLSS and 48 con-
trol subjects were retrospectively evaluated. In each 
examination, the five lumbar levels were assessed for 
the presence or absence of circumferential or shallow 
annular bulges, annular tears, anterior or posterior 
disc herniations, epidural lipomatosis, Schmorl’s nodes, 
spondylolisthesis, pars defects, and stress reactions of 
the posterior vertebral elements. 

RESULTS: Compared to control individuals, subjects 
with CLSS exhibited increased incidence of circumfer-
ential and shallow annular bulges, annular tears, disc 

herniations and spondylolisthesis (P  < 0.05). 

CONCLUSION: CLSS is associated with increased inci-
dence of degenerative changes in specific osseous and 
soft-tissue elements of the lumbar spine.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Congenital lumbar spinal stenosis; Magnetic 
resonance imaging; Imaging findings; Degenerative 
changes; Low back pain

Core tip: Congenital lumbar spinal stenosis is associated 
with increased incidence of degenerative changes in 
specific osseous and soft-tissue elements of the lumbar 
spine. Describing the spectrum of the respective imag-
ing findings, this article can assist radiologists in provid-
ing more detailed magnetic resonance imaging reports.

Soldatos T, Chalian M, Thawait S, Belzberg AJ, Eng J, Car-
rino JA, Chhabra A. Spectrum of magnetic resonance imag-
ing findings in congenital lumbar spinal stenosis. World J Clin 
Cases 2014; 2(12): 883-887  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i12/883.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.883

INTRODUCTION
Since the first reports describing congenital (or devel-
opmental) lumbar spinal stenosis (CLSS), the clinical 
implications of  this entity have been the subject of  
several scientific studies[1-3]. Based on the original etio-
logical classification described by Arnoldi et al[4], CLSS 
is a developmental narrowing of  the spinal canal, which 
is secondary to a bone dysplasia. Radiographically, the 
respective subjects have a shorter pedicular length and 
as a result a smaller cross-sectional spinal canal area[5]. In 
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usual practice, the above subjects tend to present clini-
cally in the fourth or fifth decade of  life with various 
neurogenic complications and relatively few radiographi-
cally evident degenerative spondylotic changes[5]. Except 
for scattered articles reporting radiographic and cross-
sectional measurements to define CLSS, there have been 
no studies evaluating whether the entity is associated 
with degenerative changes in specific osseous and soft-
tissue elements of  the lumbar spine. In our practice with 
magnetic resonance imaging (MRI) studies of  the lumbar 
spine, we have experienced that individuals with CLSS 
tend to exhibit an increased incidence of  specific imaging 
features, including foraminal disc protrusions, as well as a 
particular type of  annular disc bulge, in which the poste-
rior concavity of  the intervertebral discs is preserved. To 
validate our observations and potentially extend our un-
derstanding of  CLSS from an imaging point of  view, we 
investigated the association between CLSS and degenera-
tive changes in various osseous and soft-tissue elements 
of  the lumbar spine.

MATERIALS AND METHODS
Study population
Institutional review board approval was granted and in-
formed consent was waived for this HIPAA-compliant 
study. The MRI database of  our institution was searched 
for examinations of  the lumbar spine performed in 
adults of  less than or equal than 50 years of  age, an age 
limit arbitrarily employed to limit the inclusion of  sub-
jects with age-related degenerative spine changes. Two 
radiologists with 16 (A.C.) and 6 (T.S.) years of  radiology 
experience, respectively, who were blinded to the original 
reports of  the MRI studies, evaluated the examinations 
in consensus on a picture archiving and communication 
system workstation (Ultravisual, Emageon, AL, United 
States). All examinations were performed on 1.5T or 3.0T 
MR scanners and included axial and sagittal T1- and T2-
weighted images, as well as sagittal STIR images of  the 
lumbar spine.

In each study, the T2-weighted images were used to 
calculate the mid-sagittal spinal canal diameter and mid-
sagittal thecal sac diameter at the mid-vertebral levels of  
all five lumbar vertebrae. Subjects with mid-sagittal spinal 
canal diameter of  less than 14 mm on at least one level 
were considered as having CLSS and were included in 
the study group, whereas subjects with mid-sagittal spinal 
canal diameter of  equal or greater than 14 mm at all five 
levels were included in the control group. Examinations 
were consecutively evaluated until a study group of  52 
subjects and a control group of  48 subjects were formed. 
Patients with achondroplasia or a known history of  spinal 
surgery, trauma, infection and/or tumor were excluded.

Image analysis
In each study, the average value of  mid-sagittal thecal sac 
diameter was calculated, and thereafter, the intervertebral 
levels from L1-L2 to L5-S1 were evaluated for the pres-
ence or absence of  (1) circumferential annular bulge, 

defined as generalized extension of  greater than 50% 
of  the outer boundary of  the intervertebral disc beyond 
the border of  the adjacent bone, with loss of  posterior 
disc concavity; (2) shallow annular bulge, defined as the 
extension of  the intervertebral disc by greater than 50% 
from the outer boundary of  the adjacent bone, with 
preservation of  the posterior disc concavity; (3) annular 
tear(s), defined as focal area(s) of  increased signal inten-
sity within the outer layer of  the intervertebral disc on 
fluid-sensitive images; (4) uni- or bilateral foraminal disc 
herniation(s), defined as extension(s) of  less than 50% of  
the outer boundary of  the intervertebral disc beyond the 
border of  the adjacent bone, centered on one or both fo-
ramina; (5) central or paracentral disc herniation, defined 
as extension of  less than 50% of  the outer boundary of  
the intervertebral disc beyond the border of  the adjacent 
bone, protruding centrally or subarticularly within the spi-
nal canal, respectively; (6) epidural lipomatosis, registered 
when the epidural adipose tissue assumed an anteriorly 
convex border and a thickness of  greater than 7 mm[6]; (7) 
Schmorl’s node(s); (8) spondylolisthesis (antero- or ret-
rolisthesis), registered when the vertebral body exhibited 
anterior or posterior displacement of  equal or greater 
than 1 mm over the vertebral body below; (9) uni- or 
bilateral pars defect(s); (10) anterior disc herniation; and 
(11) stress reaction (increased signal intensity on fluid-
sensitive images) of  the posterior vertebral elements. For 
each of  the above features, the total incidence observed 
throughout the five intervertebral levels was documented 
for each subject.

Statistical analysis
For all evaluated quantitative parameters, the difference 
between the study and control groups was assessed using 
Student’s t test, whereas sex distribution was evaluated 
using χ 2 test. A probability level of  0.05 was accepted as 
statistically significant. All data were stored on a spread-
sheet (Excel 2010, Microsoft, Seattle, WA, United States) 
and analysis was performed using a commercially available 
statistical package (MedCalc 8.0, Mariakerke, Belgium).

RESULTS
Table 1 summarizes the demographics of  the study popu-
lation, the incidences of  the features evaluated, as well as 
the results of  the various statistical comparisons between 
the study and control groups. The two groups were simi-
lar in terms of  age and sex distribution. Subjects with 
CLSS exhibited increased incidence of  circumferential 
and shallow annular bulges, foraminal and anterior disc 
herniations, annular tears, and spondylolisthesis. There 
was no difference between the two groups regarding the 
incidences of  central and paracentral disc herniations, 
epidural lipomatosis, Schmorl’s nodes, pars defects, and 
stress reaction of  the posterior vertebral elements.

DISCUSSION
CLSS has been attributed to an abnormal anatomic de-
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velopment of  the spinal canal. The etiology of  the entity 
is unknown, except from some cases which are induced 
by achondroplasia[5,7]. CLSS differs from degenerative 
lumbar spinal stenosis in that the spinal canal stenosis is 
not limited to one or two intervertebral levels, but is uni-
formly distributed throughout the lumbar spine (Figure 
1). As a result, the surgical treatment of  CLSS commonly 
necessitates multi-level intervention, as opposed to de-
generative lumbar spinal stenosis, which requires more 
focal procedures[5]. Subjects with CLSS are vulnerable 
to even minimal degenerative changes that compromise 
the already narrowed spinal canal, and tend to experience 
symptoms in the fourth and fifth decades of  life, as op-
posed to patients with degenerative lumbar spinal steno-
sis, who demonstrate symptoms primarily after the sixth 
decade of  life[5,7].

Although the incidence of  CLSS in the general popu-

lation is unknown and probably varies among different 
races and ethnic groups, MRI readers commonly en-
counter this entity in studies of  the lumbar spine. CLSS 
has been described as early as the 1950s[3], however the 
imaging evaluation of  this entity has been limited to de-
lineating radiographic and cross-sectional criteria for its 
definition, and reporting limited degenerative spondylotic 
changes as a typical radiographic feature of  the respective 
subjects. The definition of  CLSS is not uniform across 
authors, with studies suggesting cut-off  values of  mid-
sagittal spinal canal diameter varying between 10 and 17 
mm, and not clarifying whether spinal canal narrowing 
needs to be documented on at least one or more spinal 
levels[4,7-10]. Some authors consider the cross-sectional 
area of  the spinal canal as the criterion to define CLSS, 
a measurement, probably more accurate, but also time-
consuming and impractical for everyday use. In addi-
tion, all previous studies have been limited in the vague 
description of  osseous degenerative changes, and mostly 
using radiographs[1-3,5,7]. This study focused on specific 
osseous and soft tissue elements of  the lumbar spine and 
employed a mid-sagittal spinal canal diameter of  less than 
14 mm on at least one mid-vertebral level to define CLSS. 
The latter value “summates” previous reports, has been 
illustrated in a large previous study by Singh et al[5] and is 
the one used by radiologists and orthopaedic surgeons in 
our institution. A recent study which compared subjects 
with and without CLSS by means of  MRI and antero-
posterior radiographs of  the lumbar spine, reported that, 
in the CLSS cohort, global pathology and multilevel in-
volvement with L3, L4, and L5 segments were involved 
more commonly and severely, whereas severe stenosis, at 
L1, L2, and S1 occurred infrequently. The authors also 
described three spinal canal morphologies in the CLSS 
group: (1) “flattened” canal with predominantly reduced 
spinal canal AP diameter; (2) spinal canal with predomi-
nantly reduced interlaminar angle; and (3) global reduc-
tion of  all canal parameters[11].
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  Parameter Subjects with CLSS Control subjects P

  Subjects  52 48 -
  Age       38 ± 10    38 ± 8 0.4930
  Sex (males/females)       28/24      22/26 0.2742
  Average mid-sagittal thecal sac diameter      1.31 ± 0.13      1.51 ± 0.18 –
  Circumferential annular bulges 59 (1.13 ± 0.95) 35 (0.73 ± 0.79)  0.01161

  Shallow annular bulges 80 (1.54 ± 1.06) 47 (0.98 ± 0.93)  0.00311

  Foraminal disc herniations 31 (0.60 ± 0.82) 13 (0.27 ± 0.54)  0.01111

  Central/paracental disc herniations 22 (0.42 ± 0.70) 15 (0.31 ± 0.55) 0.1917
  Epidural lipomatosis 33 (0.63 ± 1.09) 17 (0.35 ± 0.76) 0.0701
  Schmorl’s nodes 24 (0.46 ± 1.00) 13 (0.27 ± 0.68) 0.1352
  Spondylolisthesis 53 (1.02 ± 0.96) 29 (0.60 ± 0.71)  0.00811

  Pars defects   0 (0.00 ± 0.00)   2 (0.04 ± 0.20) 0.0699
  Annular tears 56 (1.08 ± 1.01) 25 (0.52 ± 0.80) 0.00041

  Anterior disc herniation 63 (1.21 ± 1.16) 25 (1.51 ± 0.18)              < 0.00011

  Posterior elements stress reaction   4 (0.08 ± 0.33)   2 (0.04 ± 0.20) 0.2644

Table 1  Demographics of the 100 patients of the study along with the imaging features which were evaluated on the respective 
magnetic resonance imaging studies

Subjects and sex are expressed are number of cases, age as yr ± SD, and spinal and thecal sac diameters as average value in cm ± SD. All imaging param-
eters are presented as total incidence (average incidence ± SD). Features marked with an asterisk (1) indicate significant difference between the two groups. 
CLSS: Congenital lumbar spinal stenosis.

Figure 1  Mid-sagittal T2-weighted (3230, 120) image of the lumbar spine 
in a 50-year-old male with congenital lumbar spinal stenosis. The lumbar 
spine shows loss of the lordotic curve, multilevel spondylolisthesis, and de-
generative disc disease manifested as loss of disc height, circumferential disc 
bugles, anterior disc herniations, Schmorl’s modes and a central disc protru-
sion. In this subject, the mid-sagittal spinal canal diameter ranged from 1.45 cm 
at the L1 level to 1.03 cm at L4 level. The average mid-spinal canal diameter 
was 1.26 cm.
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We found that young and middle-aged individuals 
with CLSS demonstrate increased incidence of  degenera-
tive changes in the specific osseous and soft-tissue ele-
ments of  the lumbar spine. In particular, these subjects 
exhibit increased incidence of  “shallow annular bulges”, 
a term which has not been previously established, but has 
been used in our practice to describe a particular type of  
disc bulge, which involves greater than 50% of  the disc 
boundary, but does not meet the strict definition of  cir-
cumferential bulge, in which a loss of  the posterior disc 
concavity is also present (Figure 2). Shallow annular bulg-
es preferentially narrow the neural foramina, similar to 
foraminal herniations. It may be speculated that, in CLSS, 
the thecal sac becomes less pliable due to the uniformly 
narrowed spinal canal, as well as less compressible due to 
the opposing intrinsic pressure of  the cerebrospinal fluid. 
As a result, the thecal sac demonstrates increased resis-
tance against posterior disc bulges or herniations in the 
initial stages of  degenerative disc disease. In the above 
setting, a degenerated disc, acquiring the path of  least 
resistance, tends to project into the foramina rather than 
the spinal canal. Consequently, the disc potentially main-
tains its posterior concavity and a shallow annular bulge 
is established. The above hypothesis could also explain 
the increased incidence of  foraminal protrusions and an-
terior disc herniations in CLSS. The spectrum of  findings  
is completed with increased incidence of  circumferential 
annular bulges and spondylolisthesis (Figure 3).

Knowledge of  the spectrum of  MRI findings in 
CLSS could not only extend our understanding of  the 
latter entity, but also assist radiologists in providing more 
detailed lumbar spine MRI reports. In most situations, 
radiologists begin the assessment of  lumbar spine MRI 
studies from a quick evaluation of  the mid-sagittal image, 
therefore establishing CLSS could alert readers for the 
presence of  the aforementioned features.

This study has certain limitations. First, all studied 
subjects reported back pain, therefore the incidence of  
degenerative disc disease was probably high in this bi-
ased group, and may have affected the results. Second, 
all MRI examinations were evaluated in consensus by the 
two readers, therefore the inter-observer variability could 

not be estimated. Third, due to the absence of  a widely 
accepted cut-off  value of  mid-sagittal canal diameter to 
define CLSS, we used a cut-off  value that “summates” 
previous reports, and probably provides a good trade-
off  between specificity and sensitivity for detecting CLSS. 
However, the use of  an absolute dividing line between 
subjects with and without CLSS is probably arbitrary, and a 
continuous zone between the two groups most likely exits.

In conclusion, CLSS is associated with early develop-
ment of  degenerative changes in specific osseous and 
soft-tissue elements of  the lumbar spine, which could 
reflect altered spinal biomechanics. The spectrum of  
imaging findings includes the shallow annular bulge, in 
which the posterior concavity of  the intervertebral disc is 
preserved. Knowledge of  the above spectrum could ex-
tend our understanding of  CLSS, and assist radiologists 
in providing more detailed lumbar spine MRI reports.
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Figure 2  Axial T2-weighted (5000, 102) images of the lumbar spine in a 
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Abstract
AIM: To determine the incidence of appendiceal Crohn’s 
disease (CD) and to summarize the characteristic histo-
logic features of appendiceal CD.

METHODS: We reviewed the pathology files of 2179 
appendectomy specimens from January 2007 to May 
2013. The computer-assisted retrieval search facility 
was utilized to collect specimens. We selected those 
cases that were diagnosed as CD or chronic granulo-
matous inflammation and defined the final diagnosis 
according to the histologic findings of CD, including 
transmural lymphocytic inflammation, non-caseating 
epithelioid granulomas, thickening of the appendiceal 
wall secondary to hypertrophy of muscularis mucosa, 
mucosal ulceration with crypt abscesses, mucosal fis-
sures, and fistula formation. 

RESULTS: We found 12 cases (7 male and 5 female 
patients, with an average age of 29.8 years) of appen-
diceal CD. The incidence of appendiceal CD was 0.55%. 
The chief complaints were right lower quadrant pain, 
abdominal pain, lower abdominal pain, and diarrhea. 
The duration of symptom varied from 2 d to 5 mo. 

The histologic review revealed appendiceal wall thicken-
ing in 11 cases (92%), transmural inflammation in all 
cases (100%), lymphoid aggregates in all cases (100%), 
epithelioid granulomas in all cases (100%), mucosal ul-
ceration in 11 cases (92%), crypt abscesses in 5 cases 
(42%), perforation in 2 cases (17%), muscular hypertro-
phy in 1 case (8%), neural hyperplasia in 5 cases (42%), 
and perpendicular serosal fibrosis in 8 cases (67%).

CONCLUSION: A typical and protracted clinical course, 
unusual gross features of the appendix and the charac-
teristic histologic features are a clue in the diagnosis of 
appendiceal CD.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Appendix; Appendectomy; Acute appendici-
tis; Crohn’s disease; Prognosis

Core tip: Appendiceal Crohn’s disease (CD) is relatively 
rare and is indistinguishable from acute appendicitis. 
Appendiceal CD shows a favorable clinical outcome 
with a low recurrence rate. The differential diagnosis 
includes intestinal tuberculosis, foreign body reaction, 
diverticulitis of the appendix, sarcoidosis, actinomyco-
sis, and Yersinia  infection. Atypical and protracted clini-
cal course, unusual gross features of the appendix and 
the characteristic histologic features are a clue in the 
diagnosis of appendiceal CD.
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disorder characterized by a transmural inflammatory reac-
tion and non-caseating small granulomas and may involve 
all parts of  the gastrointestinal (GI) tract from the mouth 
to the anus[1-7]. The most common sites of  involvement 
are the ileum and colon[8]. Appendiceal CD is a rare 
disease but has been well summarized in the various re-
ports[9-14]. The incidence of  appendicitis with granuloma-
tous reaction varies from 0.1% to 2.0%[15]. Since Meyerd-
ing et al[16] had reported an interesting case of  appendiceal 
CD without demonstrable involvement of  the adjacent 
GI tract in 1953, many additional cases of  appendiceal 
CD have been demonstrated in the literature to date .

The purpose of  this retrospective review study was to 
determine the exact incidence of  appendiceal CD in pa-
tients who underwent appendectomy and to summarize 
the common characteristic histologic findings along with 
a review of  the literature.

MATERIALS AND METHODS
Ethics 
The materials used in our study are human appendix tis-
sue samples, which are products of  surgical procedures. 
Our study contains no private information relating to the 
patients, and so ensures their anonymity. Therefore, our 
study has no problems in causing any ethical issue or en-
croachment of  human rights.

Patient tissue
A retrospective review of  2179 appendectomy specimens 
from January 2007 to May 2013 was conducted. All pa-
tients underwent appendectomy at the Hanyang Universi-
ty Hospital (Seoul, South Korea). The computer-assisted 
retrieval search facility was utilized to collect appendecto-
my specimens. Appendices resected for acute appendicitis 
and those removed as a part of  right hemicolectomy and 
gynecology procedures were collected and reviewed. We 
selected those cases that were diagnosed as CD or chron-
ic granulomatous inflammation and defined the final 
diagnosis according to the common histologic findings 
of  CD, including transmural lymphocytic inflammation, 
non-caseating small epithelioid granulomas, thickening of  
the appendiceal wall secondary to hypertrophy of  mus-
cularis mucosa, mucosal ulceration with crypt abscesses, 
mucosal fissures, and fistula formation. No evidence of  
parasitic, fungal and mycobacterial disease, foreign body, 
or systemic sarcoidosis was found in any patient. The 
clinical information including age, gender, clinical data, 
and data about the surgical procedure for each case as 
well as follow-up data including colonoscopic evalua-
tion was collected. The special staining technique such as 
Ziehl-Neelsen staining and special molecular technique 
such as tuberculosis polymerase chain reaction (Tb-PCR) 
were performed to rule out Mycobacterium tuberculosis.

RESULTS
Out of  these 2179 appendectomy specimens, 12 cases 

(0.55%) were classified as appendiceal CD. The clinico-
pathologic characteristics of  the appendiceal CD patients 
are summarized in Tables 1 and 2. Out of  these 12 pa-
tients, there were 7 male and 5 female patients. The age of  
patients ranged from 11 to 51 years (average age of  29.8 
years). The chief  complaints of  patients were right lower 
quadrant (RLQ) pain, abdominal pain, lower abdominal 
pain, and diarrhea. The duration of  symptom with which 
patients presented varied from 2 d to 5 mo. There was 
no systemic clinical manifestation such as arthralgia, uve-
itis, or arthritis. No history of  tuberculosis of  any organ 
was found in these patients. There was also no clinical 
evidence of  systemic sarcoidosis. The initial clinical im-
pression was acute appendicitis in all of  these 12 patients 
along with perforation in 2 among these 12 patients. All 
patients underwent appendectomy. The final pathologic 
report was CD in all of  these 12 cases. All cases showed 
a negative result for Mycobacterium tuberculosis in Ziehl-
Neelsen staining and Tb-PCR. The histologic review of  
these 12 cases revealed appendiceal wall thickening in 11 
cases (92%), transmural inflammation in all cases (100%), 
lymphoid aggregates in all cases (100%), epithelioid 
granulomas in all cases (100%), mucosal ulceration in 11 
cases (92%), crypt abscesses in 5 cases (42%), perforation 
with abscess formation in 2 cases (17%), muscular hyper-
trophy in 1 case (8%), neural hyperplasia in 5 cases (42%), 
and perpendicular serosal fibrosis in 8 cases (67%). The 
representative microphotographs are shown in Figure 1. 
There is no evidence of  disease recurrence in these 12 
patients to date.

DISCUSSION
Crohn first described that CD stops at the ileocecal valve 
with sparing of  the colon and appendix. However, this 
theory was disproved as patients with CD often have in-
volvement of  the colon and appendix[5]. The first isolated 
appendiceal CD was reported by Meyerding et al[16] in 1953. 
Since Meyerding et al[16] had reported a case of  CD arising 
in the appendix, many case reports and some collective 
reviews have been reported in the literature. The incidence 
of  appendiceal CD is variable[17-21]. Prieto-Nieto et al[4] de-
scribed that approximately 0.2% of  patients (10 out of  
4468 appendectomies performed during 20 years) had 
appendiceal CD. In our review, 12 cases (0.55%) out of  
2179 appendectomy specimens were revealed as appendi-
ceal CD. 

Appendiceal CD is usually found among young pa-
tients, however, it can occur at any age[3,12]. Yang et al[14] 
described the age with onset of  disease in 14 patients 
with appendiceal CD, ranged from 10 to 45 years (aver-
age age of  21.1 years). Prieto-Nieto et al[4] reported the 
disease onset-age in 10 patients with appendiceal CD, 
ranged from 10 to 33 years (average age of  29 years). The 
difference in incidence of  disease in males and females 
has been reported, with male predominance[4,14]. In our 
study, the age ranged from 11 to 51 years, with an aver-
age age of  29.8 years. Among 12 patients, 7 were male, 
reflecting more male patients with the disease described 
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previously.
The clinical presentation of  appendiceal CD is vari-

able. The most common presenting symptom is acute 
lower abdominal pain especially in the RLQ, which is 
very similar to the lower abdominal pain presented in 
patients with acute appendicitis[4,13,22]. Approximately 25% 
of  appendiceal CD patients show chronic abdominal 
pain in the right lower abdomen[13]. The symptoms may 
be more protracted or recurrent than in the usual case of  
acute suppurative appendicitis. Appendiceal CD should 
be suspected when the patients show atypical or protract-
ed unusual clinical course[2,13]. In our study, most patients 
presented with the pain in the RLQ. The initial clinical 

impression was acute appendicitis in all 12 patients. Most 
patients had symptoms for two or more days, and 8 pa-
tients (67%) presented with these symptoms for over a 
week.  

Appendiceal CD usually shows an enlarged appen-
dix with marked thickening of  the appendiceal wall and 
fibrous adhesion to the periappendiceal soft tissue[2,22,23]. 

Microscopically, the histologic features are characterized 
by transmural chronic inflammation with marked fibrous 
thickening of  the wall, lymphoid aggregates, small non-
caseating granulomas, ulcerative mucosal change, crypt 
abscesses, muscular hypertrophy, and neural hyperpla-
sia[13,24-26]. In our study, the features were similar to the 
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Figure 1  Appendiceal Crohn’s disease. A: The appendix with Crohn’s disease shows transmural inflammation with markedly thickened wall; B: There is a prominent 
lymphoid hyperplasia in the mucosa and serosa; C: The mucosa shows many small non-caseating granulomas; D: The serosa shows creeping fat with perpendicular 
thick fibrous bands.

  Case No. Sex Age (yr) c/c SD Clinical impressions AFB Tb-PCR

  1 F 30 RLQ pain None Acute appendicitis Negative Negative
  2 M 38 RLQ pain 14 d Acute appendicitis Negative Negative
  3 M 26 RLQ pain None Acute appendicitis Negative Negative
  4 M 28 RLQ pain 7 d Acute appendicitis Negative Negative
  5 F 25 RLQ pain 14 d Acute appendicitis Negative Negative
  6 F 29 RLQ pain 7 d Acute appendicitis Negative Negative
  7 M 51 RLQ pain 5 mo Acute appendicitis, perforation Negative Negative
  8 F 49 RLQ pain 8 d Acute appendicitis Negative Negative
  9 M 30 Abdominal pain 10 d Acute appendicitis, perforation Negative Negative
  10 M 23 Lower abdominal pain 2 d Acute appendicitis Negative Negative
  11 M 18 Lower abdominal pain, diarrhea 3 d Acute appendicitis Negative Negative
  12 F 11 RLQ pain 7 d Acute appendicitis Negative Negative

Table 1  Summary of the patients with appendiceal Crohn’s disease

F: Female; M: Male; c/c: Chief complaint; RLQ: Right lower quadrant; SD: Symptom duration; AFB: Acid-fast bacillus; Tb-PCR: Tuberculosis polymerase 
chain reaction.
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previously described histologic characteristics. Interest-
ingly, we found that appendiceal CD had the characteris-
tic perpendicular serosal fibrous band formation in 8 out 
of  12 cases. 

The differential diagnosis includes intestinal tubercu-
losis, foreign body reaction, diverticulitis of  the appendix, 
sarcoidosis, actinomycosis, and Yersinia infection[10,13,22,24,25]. 
Appendiceal tuberculosis results in the formation of  epi-
thelioid granulomas, however, the granulomas in tuber-
culosis are larger with a central caseous necrosis and less 
discrete than those in Crohn’s disease[10,27-29]. If  a foreign 
body is present, histologic examination should reveal 
the offending material and diverticular disease may be 
excluded via careful examination[14,27]. Intestinal sarcoid-
osis is extremely rare and does not occur as an isolated 
finding[13,30]. Actinomycosis also results in a vague granu-
lomatous tissue reaction, however, actinomycosis shows 
neutrophilic abscess formation with floating bacterial 
colonies (sulphur granules)[31-34]. Yersinia infection results 
in necrotizing granulomatous reaction in the appendiceal 
mucosa or submucosa and shows microabscess forma-
tion[35,36].

The treatment of  choice for appendiceal CD is ap-
pendectomy[30]. Appendiceal CD shows lower recurrence 
rate compared with CD arising in other parts of  the in-
testine[25]. The prognosis of  appendiceal CD seems to be 
much better than that of  CD arising in the small or large 
bowel[14]. 

In conclusion, we described the incidence of  appen-
diceal CD in patients who underwent appendectomy and 
summarized the common characteristic histologic find-
ings along with a review of  the literature. Atypical and 
protracted clinical course, unusual gross features of  the 
appendix and the characteristic features are a clue in the 
diagnosis of  appendiceal CD.

COMMENTS
Background
Appendiceal Crohn’s disease (CD) is a rare disease. Since Meyerding et al had 
reported an interesting case of appendiceal CD without demonstrable involve-
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pendiceal CD have been demonstrated in the literature to date.
Research frontiers
The incidence of appendicitis with granulomatous reaction varies from 0.1% to 

2.0%. The incidence of appendiceal CD is variable. The purpose of this study 
was to determine the exact incidence of appendiceal CD in patients who un-
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Terminology
CD is a chronic inflammatory bowel disorder characterized by a transmural 
inflammatory reaction and non-caseating small granulomas and may involve all 
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Peer review
The authors described appendiceal CD clinically presenting as acute appendici-
tis. This is an interesting review and CD in appendix is a rare condition. When-
ever it is encountered, the surgeon must know what to do and be aware of its 
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Abstract
AIM: To conduct a detailed systematic review of the 
current evidence on the administration and efficacy of 
tranexamic acid in patients with menorrhagia due to 
uterine fibroids. 

METHODS: We conducted an electronic search on the 
following databases PubMed and Medline (1950-2013); 
(1980-2013); Cochrane library (1993-2013). 

RESULTS: A total of 36 articles were retrieved after 
the initial electronic search. Careful assessment of the 
retrieved studies led to the final selection of 5 articles 
for inclusion in the review. 

CONCLUSION: Tranexamic acid may reduce blood 
loss perioperatively in myomectomies. It may reduce 
the menorrhagia in patients with fibroids, however a 
stratification of fibroids by size and location is required 
to define the responses. It is safe in general, with mild 
adverse effects observed in some cases. More stud-
ies with a double-blind randomized design and larger 
numbers of participants are necessary to reach more 
precise and safe conclusions.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tranexamic acid; Uterine fibroids; Fibrinoly-
sis; Menorrhagia; Myomectomy

Core tip: Uterine fibroid tumors are the most common 
gynecologic causes for menorrhagia. Tranexamic acid 
is a safe non-hormonal medication that significantly 
reduces abnormal menstrual bleeding. We conducted 
a systematic review of the contemporary evidence 
on the administration and efficacy of tranexamic acid 
in patients with menorrhagia associated with fibroid 
tumors of the uterus. Antifibrinolytic treatment may 
reduce blood loss perioperatively in myomectomies, 
and reduce menorrhagia in patients with fibroids. More 
double randomized studies with larger numbers of par-
ticipants are necessary to reach more precise and safe 
conclusions.

Peitsidis P, Koukoulomati A. Tranexamic acid for the manage-
ment of uterine fibroid tumors: A systematic review of the current 
evidence. World J Clin Cases 2014; 2(12): 893-898  Available 
from: URL: http://www.wjgnet.com/2307-8960/full/v2/i12/893.
htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i12.893

INTRODUCTION
Worldwide, approximately 235 million women are af-
fected by uterine fibroids and about 20%-40% of  women 
will be diagnosed with leiomyomas at some point in their 
life, though only a fraction of  those will cause problems 
or require treatment[1]. Uterine fibroid tumors or leiomyo-
mas very often lead to abnormal menstrual bleeding or 
menorrhagia[2]. Menorrhagia is abnormal extensive men-
strual bleeding in cases where the quantity of  the overall 
blood loss exceeds 80 mL in every menses[3].

The treatment of  uterine leiomyoma may be surgical 
or conservative. Surgical management consists of  total 
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or subtotal hysterectomy and myomectomy, but in some 
cases less invasive procedures, such as uterine artery em-
bolization are successful[3].

Data show the presence of  extensive fibrinolysis in 
the menstrual blood of  women suffering from menor-
rhagia, and this has triggered the use of  antifibrinolytic 
drugs as a therapeutic option[4]. Tranexamic acid (cyk-
lokapron) is a non-hormonal medication that decreases 
menstrual hemorrhage and it is an excellent therapeutic 
option in patients with menorrhagia who opt for nonhor-
monal management[5]. Tranexamic acid achieves hemosta-
sis and elicits its antifibrinolytic action by reversible block 
of  the locus that connects with lysine on plasminogen 
molecules. It inactivates the plasminogen activator of  the 
endometrium and thus stops fibrinolysis and degradation 
of  the clotting complexes[6]. Tranexamic acid has been 
administered on a daily basis to reduce excessive hemor-
rhaging and the need for transfusion during and after 
major cardiac or orthopedic surgeries[7].

In the international literature, several randomized 
clinical trials have been published which have evalu-
ated and reviewed the efficacy of  tranexamic acid in the 
management of  abnormal gynecological hemorrhagic 
conditions. It is not certain how efficient tranexamic acid 
is in treating women with normal reproductive function 
and diagnosed with abnormal bleeding caused be uterine 
fibroids[8].

Aim 
The aim of  the study was to conduct a systematic review 
of  the current evidence on the administration and efficacy 
of  tranexamic acid in patients with menorrhagia caused 
by uterine myomas. The administration of  tranexamic 
acid during the preoperative and postoperative period as a 
method of  reducing blood loss is also reviewed. No pre-
vious systematic review of  the use of  tranexamic acid in 
women with fibroids has been reported.

MATERIALS AND METHODS
Search strategy
We conducted an electronic search on the following da-
tabases PubMed and Medline (1950-2014); EMBASE 
(1980-2013); Cochrane library (1993-2014). The Medi-
cal Subject Headings which were utilized were as follows: 
“tranexamic acid” and “fibroids” and “myomas” and 
“leiomyomas” and “myomectomy”. 

Manuscripts written in English or French languages 
were selected for inclusion in the study. The retrieved stud-
ies were scrutinized and their references were examined 
carefully in order to reveal any relevant studies not identi-
fied initially by the electronic search. The included studies 
were reviewed independently by two authors (PP and AK). 
In cases of  discrepancy and lack of  evidence, the corre-
sponding authors of  the studies were contacted to provide 
further information and clarification. Studies from confer-
ences and scientific meetings were also searched.

From each study, we gathered the following clinical 
data: author and year of  publication; country of  origin of  

study; type of  study; number of  participants in the study; 
aim of  the study; dosage, type and length of  administra-
tion of  tranexamic acid; data about adverse effects and 
the conclusion of  study results. The clinical data were col-
lected and presented in a table according to chronological 
order of  publication.  

Inclusion criteria
All the studies reported the administration of  tranexamic 
acid for treatment of  hemorrhage in women of  repro-
ductive age with symptomatic fibroids. In addition, stud-
ies that reported the administration of  tranexamic acid 
preoperatively or postoperatively to myomectomy proce-
dures were selected for inclusion.

Exclusion criteria
Studies that reported the use of  tranexamic acid in preg-
nant women and in women diagnosed with malignant gy-
necological disease were excluded. Also studies in women 
with non-symptomatic fibroids, postmenopausal women 
and women with hemorrhage related to reasons other 
than fibroids (dysfunctional uterine bleeding; hematologi-
cal disorders) were not included in the review. 

Quality assessment of studies
The quality assessment of  studies was performed accord-
ing to the guidelines reported from The Scottish Intercol-
legiate Guidelines Network (SIGN)[9].

RESULTS
A total of  36 articles were retrieved after the initial elec-
tronic search. These 36 articles were scrutinized for dupli-
cate results. The flowchart diagram of  the selection pro-
cess is shown in Figure 1. Eleven articles were excluded 
because they were not concerned with management of  
menorrhagia in women with fibroid tumors. Careful as-
sessment of  the retrieved studies led to the final selec-
tion of  5 articles to be included in the study. A summary 
of  the selected articles is presented in Table 1[10-14]. The 
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Total number of articles
n  = 36
From

Cochrane n  = 1
PubMed n  = 28

EMBASE = 7

n  = 20 excluded on 
basis of duplication

16 articles scrutinized and 
references hand searched

11 excluded on basis of 
irrelevance

In total 5 articles were selected 
for inclusion in the review

Figure 1  Flowchart of the selection of studies.
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  Ref. Country Type of study Mean 
age

Symptom-
atology

Participants Aim of the
study

Regimen
administration

Results Adverse effects Comment

  Lakhani et al[10]

  
United 

Kingdom
Longitudinal
Prospective

42.8 Menorrhagia
Pelvic pain

n = 12 Ultrasound 
assesment

of PI and RI of 
UA

in women with 
TA

administration

Tranexamic 
acid

 P.O. 1 g x 3 
for 2 cycles

No 
significant
changes in 

blood
loss or PI and 

RI

Not reported No changes 
in UA-PI

resistance in 
women 

with fibroids 

  Caglar et al[11]

  
Turkey Prospective

randomized
double-blind

placebo

34.2 Menorrhagia
Pelvic pain

n = 50 (TA)
n = 50 

(Placebo)

To compare the 
perioperative 

blood loss
in patients 

undergoing
myomectomy 
and taking TA
with patients 
not taking TA

Tranexamic 
acid

10 mg/kg iv
(max 1 g) 15 

min
before incision

Significant 
statistical 

differences
in two 
groups

postoperative, 
total blood
loss and 

duration of 
surgery

 (P < 0.01) in 
favor of TA

Not reported TA does not 
reduce 

perioperative 
blood loss

nor Hb levels. 
It reduces

postoperative 
and total

blood loss and 
surgery
time in 

correlation 
with

myoma size. 
However 

further 
investigations 

required
  Ip et al[12]

  
Hong 
Kong 

Observational 43.8 ± 25 Menorrhagia
Pelvic pain

n = 22 Pathology 
assesment
of fibroid 
specimen
in women 

receiving TA

Tranexamic 
acid

Per os
dosage not 
reported

Necrosis and 
infarcts in 
resected
fibroids. 
Larger 

daimeter 
fibroids

more prone 
to necrosis 
changes.
Size is an 

independent 
factor

Not reported Authors 
emphasize
the necrosis 

and 
thrombosis in 

fibroids
but suggest 
precaution

for 
complications

  Lukes et al[14]

  
United 
States

Randomized 
double-blind

placebo

36.5 Menorrhagia
Pelvic pain

n = 42 (TA)
n = 26 

(Placebo)

To assess the 
efficacy

and safety of 
TA for heavy

menstrual 
bleeding 

Tranexamic 
acid

Per os
1.3 g daily

for 5 d up to
6 cycles

Reduction 
in menstrual 

blood
loss in women 
receiving TA 
compared to
placebo. No  
statistically 
significant 
changes  in

blood loss in 
patients with 

fibroids

Mild adverse 
effects

Menstrual 
cramps

Gastrointestinal
allergies

TA was 
effective in 

the
treatment of 

heavy
menstrual 
bleeding

regardless of 
the presence
or absence of 

fibroids

  Eder et al[13]

  
United 
States

Randomized
double-blind

placebo

38 Menorrhagia
Pelvic pain

n = 96 (TA)
n = 51 

(Placebo)

To compare the
menstrual 
blood loss

in women with 
fibroids

and TA and 
women with
fibroids not 
taking TA.
consisting 

placebo group

Tranexamic 
acid

Per os
3.9 g/d for
5 d up to

 6 menstrual
cycles

Menstrual 
blood loss 
reduced

in women 
receiving TA

(P < 0.001)

3 patients in
TA group and 

3 in
placebo group

reported 
headache

TA was well 
tolerated

and reduced 
menstrual
blood loss

Table 1  Summary of the selected studies

TA: Tranexamic acid; UA: Umbillical artery; UA-PI: Umbillical artery pulsatility index.
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reviewed studies originated from Europe[10,11]; Аsia[12] 
and America[13,14]. All articles were written in English. 
The studies were published between 1998 and 2013. 
The total study population from the 5 studies was 349 
women; 206 patients were treated with tranexamic acid 
and 101 patients were allocated to the placebo groups. 
All patients were premenopausal with a mean age of  
37.65 ± 3.2 years. All patients in the study groups pre-
sented with menorrhagia and pelvic pain due to uterine 
fibroids. Three studies had a double-blind randomized 
design[11,13,14], one had an observational design[12] and one 
had a prospective longitudinal design[10]. Tranexamic 
acid was administered orally in four studies[10,12-14], and 
intravenously in one study[11]. Tranexamic acid reduced 
the blood loss perioperatively in women undergoing 
myomectomy in comparison to women not receiving 
tranexamic acid according to the authors[11]. Management 
of  excessive bleeding during the menstrual cycle with 
tranexamic acid decreased hemorrhage despite the exis-
tence of  myomas[13]. 

Furthermore, tranexamic acid reduced the quantity 
of  bleeding in patients with menorrhagia in a pivotal 
phase Ⅲ randomized double blind study[14]. The authors 
reported that they estimated the quantity of  blood via a 
validated alkaline hematin method in patients with sono-
graphically confirmed fibroids[14]. Tranexamic acid did not 
alter the pulsatility index during ultrasound assessment 
of  women with fibroids[10]. Significant pathologic changes 
were noted in specimens from women who received 
tranexamic acid and underwent myomectomy. Very mild 
complications of  treatment were seen in 2 studies[13,14], 
and 3 women in a single study reported headache[14].

Quality of the studies
The quality assessment of  the selected studies according 
to SIGN criteria is shown in Table 2. Three studies were 
graded 2++ (high quality studies)[11,13,14] and 2 studies 
were graded 2+ (well conducted studies)[10,12]. All studies 
were conducted in University teaching hospitals[10-14], 3 
were conducted in a single setting[10-12], and 2 were con-
ducted in multicenter settings[13,14]. Three studies received 
financial support from pharmaceutical companies[10,13,14].

DISCUSSION
In practice, tranexamic acid has been administered in 
many clinical situations in which the inhibition of  fibri-
nolysis has shown beneficial effects in managing hem-
orrhage. The use of  tranexamic acid in Obstetrics and 
Gynecology as a conservative method for reducing blood 
loss has been extensive[15]. TA provides a non-hormonal, 
treatment for patients with excessive hemorrhage during 
the menstrual period[13]. How tranexamic acid manages 
menorrhagia provoked by leiomyoma is still unclear and 
unknown due to the limited data.

In the current review, according to the reported stud-
ies, tranexamic acid is a safe treatment and may reduce 
menorrhagia in women with fibroids. It reduces the blood 
loss perioperatively with no adverse effects in women un-

dergoing laparotomy and myomectomy. Tranexamic acid 
causes necrosis in myomas but does not alter pulsatility 
indices in ultrasound assessment. However, the current 
review has some limitations because of  the quantity and 
quality of  studies published in the literature and the pres-
ence of  bias related to the size and location of  fibroids. 

Despite the fact that tranexamic acid administration 
has shown a risk for complications like thrombosis and 
embolism due to its antifibrinolytic effect, thrombo-
embolic events were not been reported in the selected 
studies. Only mild headaches, allergies and discomfort 
were reported in a small population of  patients[13,14]. In 
the study by Lukes et al[14], the authors did not specify the 
exact type and number of  adverse effects in patients with 
fibroids, and stated that the most common adverse effect 
was menstrual discomfort.

Tranexamic acid has been administered widely in 
Scandinavian and European countries in general as a 
first-line management option for menorrhagia since the 
1970s, and data have shown no increase in the frequency 
of  adverse clotting disorders[16,17]. However, the optimal 
dose and duration of  treatment with tranexamic acid has 
not been established[18]. 

The efficacy and safety of  tranexamic acid when given 
intravenously for peri- and postoperative hemorrhage has 
been investigated more in orthopedic and cardiovascular 
surgical interventions[19]. In the study by Caglar et al[11], 

the authors reported that tranexamic acid succeeded in 
decreasing perioperative blood loss during excision of  
myomas; however, they emphasized the importance of  
various parameters such as type of  surgery, surgical skills, 
and duration of  surgery for perioperative blood loss. In 
the same study, the location and type of  myoma (subse-
rous, intramural, submucous) were highlighted and also 
the number and size of  fibroid tumors. Multiple fibroid 
tumors may increase the duration of  surgery in contrast 
to a single large myoma > 6 cm[12]. 

Ip et al[12] concluded that tranexamic acid induced 
necrosis of  fibroids. Larger fibroids were more prone 
to necrosis. The authors emphasized the significance of  
tranexamic acid in conservative management of  fibroids, 
thus sparing unnecessary surgical interventions. However 
possible complications such as pelvic pain and low grade 
fever maybe present in these patients[12].

It has been reported in clinical studies that the levels 
of  plasminogen activator are elevated 30 min after the ini-
tiation of  surgery, and this mechanism may elicit a reduc-
tion in bleeding in surgical patients[11,19].

One randomized study investigated whether tranexam-
ic acid  was effective in comparison with placebo for the 
management of  menorrhagia in patients with no patho-
logical findings in the pelvis[13]. The factual limitations of  
this study were that in women diagnosed with fibroid tu-
mors, myomas were not found in large numbers and their 
size was not significant to justify surgical removal. Al-
though the goal of  this trial was not to assess the effect of  
tranexamic acid on abnormal vaginal bleeding caused by 
myomas, outcomes showed that tranexamic acid was effec-
tive in treating heavy menorrhagia, and this was not related 
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to the presence of  absence of  myomas. However, based on 
the design of  the study, it is hard to postulate that treatment 
with tranexamic acid is influenced by the size and type of  
the fibroids[18]. In the study by Lakhani et al[10], women with 
fibroids were found to have no significant changes in vari-
ous sonographic parameters. However, these findings may 
exhibit bias and limitations because the women were not 
divided into different groups with different sizes and types 
of  myomas[18].

The Food and Drug Administration approved tranexam-
ic acid 650 mg (Lysteda-Ferring) in November 2009. Treat-
ment with tranexamic acid while using hormonal contracep-
tives may increase the risk of  developing thrombosis, cardiac 
complications, and stroke[20].

Tranexamic acid has been used extensively in pa-
tients with heavy menstrual bleeding with good results, 
and enough evidence is available to support its use. 
Tranexamic acid may reduce blood loss perioperatively in 
myomectomies, and may reduce menorrhagia in patients 
with fibroids, but stratification of  fibroids by size and 
location is required to define the responses to tranexamic 
acid. Physicians should be aware that tranexamic acid 
may cause drug-induced necrosis of  fibroids and surgical 
management can be avoided, but complications such as 
pelvic pain and low grade fever can be present in these 
patients. It is safe in general, and mild adverse effects are 
observed in some cases. More studies of  a double-blind 
randomized design and larger numbers of  participants 
are required to reach clearer conclusions about the use of  
tranexamic acid in patients with fibroids.
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Menorrhagia due to fibroid tumors of the uterus is one the leading causes of 
abnormal menstrual bleeding. Tranexamic acid is non-hormonal and has been 
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tranexamic acid in the treatment of abnormal menstrual bleeding due to uterine 
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may reduce the amount of bleeding in patients with menorrhagia caused by 
uterine fibroids.
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Tranexamic acid is a hemostatic agent that elicits its antifibrinolytic action by 
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and degradation of the clotting complexes. A number of studies have reported 
the use of tranexamic in reducing blood loss in cardiac and orthopedic opera-
tions. Tranexamic acid has been used to decrease blood loss in patients with 
menorrhagia. Menorrhagia is abnormal extensive menstrual bleeding where the 
quantity of overall blood loss exceeds 80 mL in every menses.
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Abstract
Non-salvageable extremities have been utilized for har-
vesting fillet flaps as part of the “spare parts” concept 
in traumatic and oncologic settings. Here we report on 
the use of a pedicled fillet flap of the upper arm for 
chest wall reconstruction after excision of a malignant 
peripheral nerve sheath tumor in a patient with neuro-
fibromatosis. Pedicled flaps as part of the “spare parts” 
concept provide the advantage of reduced donor-site 
morbidity, immediate closure, intact vasculature, and 
adequate soft tissue coverage of large defects. Malig-
nant peripheral nerve sheath tumor is a rare aggressive 
tumor with a poor prognosis that may result in large 
defects post resection. Limited data describes the use 
of pedicled fillet flaps of the upper extremity. We report 
the use of a pedicled fillet flap of the upper arm as a 
viable option that can be successfully used for coverage 
of soft tissue defects of the shoulder and chest wall 
post complex resections in an oncologic setting.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Reconstruction; Flaps; Neurofibromatosis; 
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Core tip: Here we present a rare case on the use of a 
pedicled fillet flap of the upper arm for chest wall re-
construction after excision of a malignant peripheral 
nerve sheath tumor in a patient with neurofibromatosis. 
This case report describes a reconstructive procedure 
that is rarely described in the literature as a viable op-
tion for soft tissue coverage of shoulder and chest wall 
defects after an oncologic resection.

Singla P, Kachare SD, Fitzgerld TL, Zeri RS, Haque E. Recon-
struction using a pedicled upper arm fillet flap after excision of 
a malignant peripheral nerve sheath tumor: A case report. World 
J Clin Cases 2014; 2(12): 899-902  Available from: URL: http://
www.wjgnet.com/2307-8960/full/v2/i12/899.htm  DOI: http://
dx.doi.org/10.12998/wjcc.v2.i12.899

INTRODUCTION
The use of  non-salvageable extremities for harvesting 
fillet flaps has been utilized for reconstruction as part 
of  the “spare parts” concept in traumatic and oncologic 
settings. Fillet flaps have been extensively characterized 
based on their clinical value and can be used as pedicled 
or free flaps[1], however there is limited data describing 
the use of  fillet flaps of  the upper extremity[2]. Here we 
report a rare case of  harvesting a pedicled fillet flap of  
the upper arm for chest wall reconstruction after excision 
of  a malignant peripheral nerve sheath tumor (MPNST) 
in a patient with neurofibromatosis.

CASE REPORT
A 42-year-old female with a history of  neurofibroma-
tosis presented to plastic surgery clinic with complaints 
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of  a left shoulder mass growing for the past two years 
that caused significant pain with movement (Figure 1). 
Magnetic resonance imaging (MRI) revealed 18.4 cm × 
15.9 cm × 20 cm mass concerning for possible malignant 
degeneration of  a neurofibroma based on size and clini-
cal history (Figure 2). Neoadjuvant chemoradiation per 
National Comprehensive Cancer Network guidelines for 
resectable soft tissue sarcomas with potential for adverse 
functional outcomes[3] was discussed. Patient was lost to 
follow up after initial planning and when she returned, 
she was unable to lay supine secondary to pain from the 
tumor, which had obvious necrosis with bleeding. Chest 
computerized tomography (CT) revealed a left large axil-
lary mass with scapular erosion as well as small pulmo-
nary nodules suggestive but not diagnostic of  metastatic 
disease. A decision was made to abandon neoadjuvant 
therapy and surgically resect the axillary mass followed by 
adjuvant therapy with close observation of  pulmonary le-
sions.  

After the scapula was disarticulated and the tumor 
excised, it became clear that the arm would be of  limited 
functional use and a modified forequarter amputation 
with vascular preservation of  the upper extremity was 
performed. A regional flap could not be done due to the 
wide defect and need for post-operative radiotherapy. Use 
of  a pedicled latissimus dorsi was contraindicated due to 
tumor invasion, therefore in order to provide immediate 
closure, without the added time and risk of  performing 

a free flap, a musculocutaneous pedicled fillet flap of  the 
left upper arm was chosen for reconstruction. 

An incision was made on the posterior aspect of  the 
left upper extremity starting at the shoulder joint and ex-
tending below the elbow. Skin and triceps muscles were 
dissected in the midline and then a subperiosteal dissec-
tion was performed (Figure 3). Next, the humerus was re-
moved and the arm transected just below the elbow after 
identifying and ligating the neural and vascular structures. 
The flap was rotated into the defect without any tension 
(Figure 4).

Post-operative pathology report demonstrated a 
T2bN0 grade 2 or stage Ⅱb[3] MPNST. The tumor was 
24 cm × 24 cm × 19 cm in size with focally positive mar-
gins. After meeting with radiation and medical oncology, 
the patient agreed to undergo adjuvant chemoradiation. 
The patient was initiated on a chemotherapy regimen 
consisting of  doxorubicin and ifosfamide and sched-
uled for radiation therapy. However, three months after 
surgery, patient had local recurrence of  a mass at her 
left shoulder. Patient was referred to an outside facility 
closer to home for adjuvant therapy and this was delayed 
secondary to patient compliance. CT of  the chest and 
shoulder revealed large recurrent solid and cystic mass in 
the left shoulder region and left upper anterolateral chest 
wall. The patient died 5 mo postoperatively from hemor-
rhagic conversion of  metastatic lesions in the brain.

DISCUSSION
The use of  fillet flaps from non-salvageable or amputated 
extremities has been successfully used for reconstruction 
as part of  the “spare parts” concept[1]. Pedicled musculo-
cutaneous flaps are commonly used for reconstruction; 
however, the use of  a pedicled fillet flap of  the upper 
arm has not been well reported in the literature[2]. 

Forequarter amputations may be necessary for locally 
aggressive bone and soft tissue tumors invading the axilla, 
shoulder or scapula[4]. However, multiple variables, such 
as size and location of  the defect, exposure of  nerves, 
tendons, vessels and bones, as well as need for post-op-
erative radiation, must be taken into consideration when 
deciding on type of  reconstruction. Skin grafts do not 
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Figure 1  Left shoulder mass at initial presentation. Figure 3  Fillet flap of the upper arm post subperiosteal dissection and 
removal of the humerus.

Figure 2  Magnetic resonance imaging of left shoulder, Mass: 18.4 cm × 
15.9 cm × 20 cm.



provide adequate coverage for large, deep wounds, and 
are not durable in patients needing post-operative radia-
tion. Therefore, flap coverage with either a pedicled or 
free flaps are the appropriate choice to provide adequate, 
immediate coverage post-resection in order to initiate 
adjuvant radiation therapy[5]. In patients undergoing an 
amputation, the use of  fillet flaps as part of  the “spare 
parts” concept provides these similar advantages with the 
added benefit of  reduced donor-site morbidity[1,5]. 

Previous studies describe the use of  free forearm fil-
let flaps in patients who underwent an upper extremity 
amputation for cancer, however the use of  an upper arm 
pedicled fillet flap has not been well reported[2,6]. The use 
of  an upper arm flap may have been contraindicated due 
to local invasion of  the tumor[2]. However, in our patient, 
the lack of  tumor invasion into the upper arm or into 
the vascular inflow in the axilla allowed the opportunity 
to perform a pedicled fillet flap. Not only did the upper 
extremity flap allow for adequate, tension free coverage, 
it reduced the risks associated with a free flap. Chao and 
colleagues demonstrated that patients who received adju-
vant radiotherapy after free fillet flaps were significantly 
more likely to have graft loss as compared to those who 
received neo-adjuvant radiation[7]. Since our patient was 
not appropriate for neo-adjuvant radiation, perform-
ing an upper-extremity pedicled fillet flap allowed us to 
reduce the risk of  post-operative wound complications 
associated with adjuvant radiation therapy. Pedicled la-
tissimus dorsi flaps for reconstruction after forequarter 
amputations have also been described[8], but due to tumor 
invasion in our patient as well as added donor site mor-
bidity, an upper arm fillet flap was decided to be the most 
appropriate choice for reconstruction.

MPNST is a rare primary chest wall tumor with an 
incidence of  0.001% in the general population. It com-
monly presents as an enlarging painful mass and arises 
from Schwann cells or neural crest cells in a peripheral 

nerve or its sheath. Patients with NF-1 are at increased 
risk of  developing MPNST through malignant degen-
eration of  plexiform neurofibromas[9]. MPNSTs are 
considered highly malignant, associated with a poor 
prognosis, have a high risk of  local recurrence, and are 
associated with distant metastasis, most commonly to the 
lungs[9,10]. MRI remains the gold standard for diagnosis 
after which the treatment of  choice is surgical resec-
tion[9]. Definite wide excision, negative surgical margins, 
with neo-adjuvant or adjuvant radiotherapy is currently 
recommended for treatment of  resectable tumors in 
patients with MPNSTs[3,9]. Poor prognostic indicators 
include tumor size greater than 5 cm, local recurrence, 
high tumor grade, positive surgical margins, association 
with neurofibromatosis type Ⅰ (NF-1), and truncal loca-
tion[9]. Patients with NF-1 should be educated about the 
increased risk for developing MPNST and be advised to 
contact their physician should rapidly enlarging masses, 
pain, or neurologic changes occur. Given the poor prog-
nosis for MPNST, early initiation of  treatment provides 
the best chance for survival[9].

Overall, this case represents a rare description of  the 
use of  a pedicled musculocutaneous flap from the upper 
arm for reconstruction after resection of  MPNST. Given 
that MPNST is an aggressive tumor that may present 
with large defects post resection, the use of  a pedicled 
fillet flap of  the upper arm is a viable option that can be 
successfully used for coverage of  soft tissue defects of  
the shoulder and chest wall[9]. The advantage of  immedi-
ate wound closure, avoidance of  donor-site morbidity, 
and reduced operative time over a free flap makes this 
procedure a reliable method for complex reconstructions 
in an oncologic setting[1].

COMMENTS
Case characteristics 
A 42-year-old female with a history of neurofibromatosis presented to plastic 
surgery clinic with complaints of a left shoulder mass growing for the past two 
years that caused significant pain with movement.
Clinical diagnosis
Patient has a tense, large, protruding mass over her left scapula that is excru-
ciatingly tender with intact flexor and extensor function of the hand and elbow 
and gross sensation but limited shoulder function secondary to significant pain. 
Differential diagnosis
Malignant peripheral nerve sheath tumor, cellular schwannoma, fibrosarcoma, 
synovial sarcoma.
Laboratory diagnosis
White blood cell: 9.80 k/μL; hemoglobin:  9.9 g/dL. 
Imaging diagnosis
Magnetic resonance imaging revealed 18.4 cm × 15.9 cm × 20 cm mass con-
cerning for possible malignant degeneration of a neurofibroma based on size 
and clinical history and chest computerized tomography revealed a left large 
axillary mass with scapular erosion.
Pathological diagnosis
Post-operative pathology report demonstrated a T2bN0 grade 2 or stage IIb 
malignant peripheral nerve sheath tumor and the tumor was 24 cm × 24 cm ×
19 cm in size with focally positive margins.
Treatment
Surgical resection of the mass using a pedicled upper arm fillet flap was 
performed and post operatively, the patient was initiated on a chemotherapy 
regimen consisting of doxorubicin and ifosfamide and scheduled for radiation 
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Figure 4  Fillet flap with drains, prior to closure.
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therapy.
Related reports
Pedicled musculocutaneous flaps are commonly used for reconstruction; how-
ever, the use of a pedicled fillet flap of the upper arm has not been well reported 
in the literature.
Term explanation
A pedicled flap contains tissue that remains attached to the original donor site 
with intact vasculature and is transposed to a new location which is in contrast 
to a free flap where tissue is detached from its original donor site and trans-
ferred to another location.
Experiences and lessons
The advantage of immediate wound closure, avoidance of donor-site morbidity, 
and reduced operative time over a free flap makes the use of a pedicled fillet 
flap of the upper arm a viable option that can be successfully used for coverage 
of soft tissue defects of the shoulder and chest wall for complex reconstructions 
in an oncologic setting.
Peer review
This case report describes a novel reconstructive procedure that can be used 
to cover the amputated upper arm with a pedicled fillet flap.  
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Abstract
Cecal bascule is a rare cause of bowel obstruction in 
which a mobile cecum folds anteriorly and superiorly 
over the ascending colon. Herein, we present the first 
case of internal herniation of a cecal bascule into the 
lesser sac through the foramen of winslow, aiming at 
discussing radiological findings, differential diagnosis, 
and surgical management of this uncommon condition. 
A 75-year-old female presented to the emergency room 
with an 18-h history of sudden onset sharp, progres-
sively worsening abdominal pain associated with vomit-
ing. Physical exam revealed abdominal distention and 
epigastric tenderness while initial laboratory tests were 
unremarkable. Computed tomography of her abdomen 
and pelvis showed a loop of distended colon within 
lesser sac without signs of bowel ischemia or perfora-
tion. On exploratory laparotomy, a cecal bascule was 
found herniating into lesser sac via  foramen of winslow. 
Upon reduction, the cecum appeared viable therefore 
a cecopexy was performed without bowel resection. 
Unlike cecal volvulus, cecal bascule consists of no axial 
rotation of the bowel with no mesenteric vascular com-
promise and therefore ischemia would only occur from 
intraluminal tension or extraluminal compression from 
the borders of foramen of winslow. The management 
of internal herniation of a cecal bascule is always surgi-
cal including anatomic resection or cecopexy. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Cecal bascule is a rare and overlooked cause 
of large bowel obstruction in which a mobile cecum 
folds anteriorly and superiorly leading to obstruction of 
ascending colon. Although cecal bascule has been de-
scribed in association with mechanical bowel obstruc-
tion in the literature, its association with this type of 
internal hernia has never been described before. The 
management of internal herniation of a cecal bascule 
is always surgical even in the absence of peritonitis, 
either cecopexy or right hemicolectomy depending on 
the viability of the bowel segment involved.

Makarawo T, Macedo FI, Jacobs MJ. Cecal bascule herniation 
into the lesser sac. World J Clin Cases 2014; 2(12): 903-906  
Available from: URL: http://www.wjgnet.com/2307-8960/full/
v2/i12/903.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i12.903

INTRODUCTION
Cecal bascule is an extremely rare condition in which the 
bowel folds anteriorly and superiorly over the ascend-
ing colon[1]. Its similarity with cecal volvulus has led to 
misdiagnosis, although the absence of  axial rotation of  
the bowel in cecal bascule is an importance difference 
that influences presentation. In cecal bascule, patients 
usually present with less critical illness than those with 
cecal volvulus as there is no torsion of  the mesenteric 
vasculature[2]. Symptoms are therefore mostly related to 
bowel obstruction, particularly in the presence of  a func-
tional ileocecal valve causing a closed-loop obstruction. 
Diagnosis is often challenging because of  equivocal im-
age findings in addition to its rare occurrence. We, herein, 
present a rare case of  cecal bascule herniating into the 
lesser sac in a patient with obstructive signs, and discuss 
the diagnosis, and operative management of  this rare 
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condition.

CASE REPORT
A 75-year-old female presented to the emergency room 
with an 18-h history of  sudden onset, progressively wors-
ening abdominal pain associated with vomiting. The pa-
tient had a previous history of  hiatal hernia with gastro-
esophageal reflux symptoms and previous hysterectomy 
and tonsillectomy. The patient presented with abdominal 
distention and epigastric tenderness without diffuse peri-
toneal signs. Laboratory tests were unremarkable, with 
no leukocytosis but computed tomography (CT) of  the 
abdomen and pelvis showed a loop of  distended colon 
within lesser sac with no signs of  bowel ischemia or per-
foration (Figure 1).

The patient underwent exploratory laparotomy dur-
ing which the cecum was noted to be folded anteriorly 
over the ascending colon and herniating into lesser sac via 
the foramen of  winslow (Figure 2A) resulting in colonic 
obstruction. To reduce the internal hernia, the lesser 
omentum was incised revealing the absence of  underly-
ing adhesive bands tethering the cecum in place, hence al-
lowing the gentle withdrawal of  the bowel back through 
foramen of  winslow. Upon reduction, the cecum and 
terminal ileum appeared viable (Figure 2B). Therefore, 

lysis of  a single adhesive band to the terminal ileum was 
performed prior to cecopexy with fixation of  the cecum 
inferolaterally to the right lateral abdominal wall, negating 
the need for bowel resection. 

The patient made an uneventful post-operative recov-
ery, tolerating full oral intake within 48 h of  the surgery 
and being discharged on post-operative day four. The pa-
tient has had no further episodes of  bowel obstruction, 
remaining symptom-free after almost a year of  follow-up.

DISCUSSION
Cecal bascule is a rare and overlooked cause of  large 
bowel obstruction in which a mobile cecum folds ante-
riorly and superiorly leading to obstruction of  ascending 
colon. It has been estimated that approximately 10% 
to 15% of  labeled “cecal volvulus” episodes were actu-
ally cecal bascules[3]. The formation of  a cecal bascule is 
secondary to hypermobility of  the cecum and intestinal 
distention[4,5]. This excessive mobility can occur as a result 
of  defective retroperitoneal fixation of  the cecum due to 
incomplete intestinal rotation during embryogenesis, or 
the persistence of  ascending mesocolon. It may also oc-
cur postoperatively after dissection of  peritoneal attach-
ments[6]. The formation of  adhesions may also play a role 
by creating a point of  fixation, allowing the formation of  
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December 16, 2014|Volume 2|Issue 12|WJCC|www.wjgnet.com 904

Figure 1  Computed tomography of abdomen and pelvis showing a loop of distended colon within lesser sac without bowel ischemia or perforation. Ra-
diological features include: (1) the cecum herniated (C) into the lesser sac behind the stomach (S) (A and B); (2) the presence of mesentery (white arrow) between the 
portal vein and inferior vena cava (A); and (3) the presence of gas or fluid in the lesser sac with its ‘beak’ directed toward the foramen of winslow (B).

Figure 2  Intraoperatively, a cecal bascule was found herniating into lesser sac via foramen of winslow (A). Upon reduction, the cecum appeared viable (B).
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the bascule.
The clinical presentation of  cecal bascule is usually 

similar to postoperative ileus including nausea, vomit-
ing and abdominal distention and pain. However, unlike 
in cecal volvulus, the patients are not as critically ill be-
cause there is no axial torsion of  the mesenteric vascu-
lature, which leads to bowel ischemia. However, it must 
be noted that delay in diagnosis with unrelieved bowel 
obstruction causing increased intraluminal tension or 
extraluminal compression from an internal hernia would 
ultimately result in bowel ischemia and eventual perfora-
tion. Diagnosis is often challenging due to its rare nature. 
Plain abdominal X-rays may show a dilated cecum in the 
right upper quadrant with or without small bowel obstruc-
tion. CT scan of  the abdomen, which is more helpful, 
may demonstrate a dilated cecum anterior to the ascend-
ing colon and an ileocecal valve located in the right upper 
quadrant[4]. In our case, the CT scan did show an internal 
hernia containing a loop of  distended colon within lesser 
sac, although it was unclear whether it was transverse 
colon or ascending colon that had herniated through the 
foramen of  winslow.

Herniation of  abdominal viscera through the foramen 
of  winslow into the lesser sac occurs rarely, accounting for 
8% of  all internal hernias[7]. Hernias through this foramen 
have been described as containing small bowel, right colon, 
and rarely, gallbladder or transverse colon. Potential pre-
disposing factors include hypermobile mesentery, enlarge-
ment of  the foramen of  winslow, or absence of  fusion of  
the ascending colon to the posterior abdominal wall[7,8]. 
Although cecal bascule has been described in association 
with mechanical bowel obstruction in literature, its as-
sociation with this type of  internal hernia has never been 
described before[8-14]. Indeed, it is possible that the term 
‘bascule’ which is derived from a French word meaning “a 
bridge with a movable section hinged about a horizontal 
axis”, is not widely applied, and therefore underdiagnosed 
as a cause for cecal herniation.

The management of  bowel obstruction secondary to 
cecal bascule should be surgical. In this case, simple reduc-
tion and cecopexy was technically feasible, safe, and had 
a satisfactory outcome. Although right hemicolectomy 
has also been advocated even with the cecum being viable 
to prevent recurrence[9], there are no reported cases of  
recurrence of  cecal bascule following cecopexy only[10-12]. 
Therefore, we would recommend that segmental resection 
be reserved for cases with associated ischemia or perfora-
tion. Closure of  the foramen has also not been advocated 
due increased risk of  portal vein thrombosis or hepatic 
artery and/or bile ducts injury[13,14].

In conclusion, we presented a rare case of  an inter-
nal hernia containing a cecal bascule into the lesser sac 
through the foramen of  winslow. Despite its rare occur-
rence, cecal bascule should be in the differential diagnosis 
armamentarium of  bowel obstruction, especially in pa-
tients with a markedly distended cecum in the absence of  
peritoneal signs. The management of  internal herniation 
of  a cecal bascule is always surgical even in the absence 

of  peritonitis, and includes either cecopexy if  the cecum 
is viable or right hemicolectomy if  it appears ischemic or 
non-viable.

COMMENTS
Case characteristics
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colon within lesser sac without bowel ischemia or perforation.
Treatment
The patient underwent exploratory laparotomy, reduction of cecal herniation into 
the lesser omentum and cecopexy. 
Term explanation
Cecal bascule occurs when a mobile cecum folds anteriorly and superiorly 
leading to obstruction of ascending colon. The term “bascule” is derived from a 
French word meaning “a bridge with a movable section hinged about a horizon-
tal axis”, is not widely applied, and therefore may be underdiagnosed.
Experience and lessons
This is the first case in the literature describing a hernia into the lesser sac from 
a cecal bascule. The management of bowel obstruction secondary to cecal 
bascule should be surgical.
Peer review
This manuscript highlights the clinical presentation of a rare cause of large 
bowel obstruction and provides insights into the management of cecal bascule.
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Abstract
Dural arteriovenous fistula (DAVF) is a rare type of ce-
rebral arteriovenous malformation. Common presenting 
symptoms are related to hemorrhage. However, rarely 
these patients may present with myelopathy. We pres-
ent two cases of DAVF presenting as rapidly progressive 
myelopathy. Two treatment options are available: mi-
crosurgical interruption of the fistula and endovascular 
embolization. These treatment options of DAVFs have 
improved significantly in the last decade. The optimal 
treatment of DAVFs remains controversial, and there is 
an ongoing debate as to whether primary endovascular 
or primary microsurgical treatment is the optimal man-
agement for these lesions. However, despite treatment 
a high percentage of patients are still left with severe 

disability. The potential for functional ambulation in 
patients with DAVF is related to the time of interven-
tion. This emphasizes the important of early diagnosis 
and early intervention in DAVF. The eventual outcome 
may depend on several factors, such as the duration of 
symptoms, the degree of disability before treatment, 
and the success of the initial procedure to close the 
fistula. The usage of magnetic resonance imaging and 
selective angiography has significantly improved the 
ability to characterize DAVFs, however, these lesions re-
main inefficiently diagnosed. If intervention is delayed 
even prolonged time in rehabilitation does not change 
the grave prognosis. This review outlines the presenta-
tion, classication and management of DAVF as well as 
discussing patient outcomes.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dural arteriovenous fistula; Myelopathy; 
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Core tip: Tentorial dural arteriovenous fistulas (DAVF) 
are an uncommon entity, and myelopathy as a result of 
these AV fistulas is even more uncommon. We present 
two cases of myelopathy as a result of dural AV fistu-
las. This review highlights the classification of dural AV 
fistulas, the various diagnostic modalities available for 
diagnosis and management strategies employed for the 
treatment of DAVF. We also stress the importance of 
a timely diagnosis and its impact on patient outcomes 
and recovery. 
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INTRODUCTION
Dural arteriovenous fistulas (DAVF) constitute 10% to 
15% of  all intracranial vascular malformations[1,2]. Tento-
rial DAVFs account for 8.4% of  intracranial DAVFs[3]. 
Cranial dural arteriovenous fistulas may give rise to my-
elopathy due to spinal perimedullary venous drainage 
causing intramedullary venous hypertension[4]. However, 
this is very uncommon, with only 38 cases reported in 
the literature[5]. We describe two cases of  tentorial dural 
AV fistulas causing significant myelopathy.

CASE REPORT
Case 1
A 69-year-old male presented to our institution with 3 d of  
progressively worsening bilateral lower extremity weak-
ness and urinary retention. These symptoms had been 
preceded by bilateral hand and forearm pain that lasted 
for 2 d. The patient was presumptively diagnosed with 
Guillian-Barre Syndrome and treatment started. Magnetic 
resonance imaging of  the brain and of  the cervical, tho-
racic, and lumbar spine showed increased T2/STIR signal 
intensity in the pons, medulla, and upper cervical spine 
and multiple small flow voids in the dorsal cervicotho-
racic spine suggestive of  dural arteriovenous malforma-
tion (Figure 1). Neurological exam revealed significant 
weakness in bilateral lower extremities, most pronounced 
in bilateral hamstrings and in the left tibialis anterior. The 
upper extremity strength testing was normal. There were 
no sensory abnormalities. Deep tendon reflexes were 
increased in the lower extremities. This presentation was 
thought to be consistent with myelopathy from venous 
congestion related to a dAVF. He underwent angiography, 
which confirmed a Cognard V tentorial dAVF fed by the 
left middle meningeal, tentorial branch of  the left ICA, 
and dural branches of  the occipital and posterior auricu-
lar arteries, with drainage into cervical spinal veins (Figure 
2). The AVF was successfully embolized with Onyx (Co-
vidien Inc., Mansfield, MA) without any residual filling 
seen following embolization (Figure 3). The patient was 
discharged to rehab on hospital day 5. He was seen in 
follow-up 10 wk later, at which point he was noted to be 
walking independently, without urinary symptoms and 
only mild proximal lower extremity weakness bilaterally 
with manual muscle testing grade of  4 out of  5 in bilat-
eral iliopsoas and hamstrings. The Aminoff-logue scale 
changed from 6 preintervention, to 1 after embolization 
of  dural AV fistula. 

Case 2
A 34-year old woman presented with progressively wors-
ening bilateral upper and lower extremity weakness over 1 
wk. Past medical history was significant for temporal pilo-
cytic astrocytoma resection with subsequent whole brain 
radiation at age 12. Examination revealed quadriparesis 
and hyperreflexia in all 4 extremities. Initial presumptive 
diagnosis made was transverse myelitis with high cervical 
cord involvement, and the patient was started on steroid 

therapy. MRI Brain revealed dilated tortuous vessels pos-
terior to the spinal cord between the foramen magnum 
and the upper thoracic spine. It also showed asymmetric 
expansion and T2/FLAIR signal abnormality of  the left 
side of  the brainstem at the cervicomedullary junction, 
as well as diffuse expansion and mild diffuse T2 signal 
abnormality within the cervical and upper thoracic spinal 
cord (Figure 4).

Cerebral angiogram showed a left transverse sigmoid 
junction dAVF fed by the left occipital artery (Figure 5). 
This fistula drained into the superior petrosal sinus, going 
to the tributaries of  the petrosal vein and to the anterior 
medullary vein. From the anterior medullary vein it then 
drained down to the anterior spinal and cervicomedullary 
veins. This venous drainage was thought to be respon-
sible for venous hypertension and the subsequent quadri-
paresis that the patient was experiencing. This DAVF was 
successfully embolized with Onyx (Covidien Inc., Man-
sfield, MA). Three month follow-up angiogram revealed 
no opacification of  the fistula with left occipital artery 
injection (Figure 6). Clinically the patient had regained 
complete strength in all 4 extremities and was back at 
work performing manual labor. The Aminoff-logue scale 
changed from 7 preintervention, to 0 after embolization 
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Figure 1  Magnetic resonance imaging of the cervical spine showing in-
creased T2/STIR signal intensity in the pons, medulla, and upper cervical 
spine and multiple small flow voids in the dorsal cervicothoracic spine 
suggestive of dural arteriovenous malformation.

Figure 2  Angiogram showing a Cognard V tentorial dural arteriovenous 
fistula fed by the left middle meningeal, tentorial branch of the left ICA, 
and dural branches of the occipital and posterior auricular arteries, with 
drainage into cervical spinal veins.



of  dural AV fistula.

DISCUSSION
dAVFs are rare vascular lesions that can come to clinical 
attention as either intracranial hemorrhage (intraparen-
chymal, subarachnoid, subdural) or as a consequence of  
venous hypertension. In the latter situation, presenting 
symptoms are varied and can include pulsatile tinnitus, 
dementia, seizures, encephalopathy, parkinsonism, intra-
cranial hypertension, and myelopathy[4]. Here we have 
presented two cases of  rapidly progressive myelopathy 
related to dAVFs. All fistulas have one or more feeding 
arteries, derived from the dural arteries or meningeal 
branches of  cerebral arteries, with venous drainage into a 
venous sinus, leptomeningeal, or spinal veins.

The classification of  intracranial DAVFs has evolved 
over time, based on venous drainage, natural history, and 
arterial feeders. Cognard classification divides DAVFs in 
5 types (Ⅰ-Ⅴ). This classification is based on the direc-
tion of  dural sinus drainage (antegrade or retrograde), 
the presence or absence of  cortical venous drainage, and 
venous outflow architecture (nonectactic cortical vein, 
ectactic cortical vein, or spinal perimedullary vein)[6,7]. 

The higher the type, the more likely the DAVF is to be 
symptomatic as a result of  increased venous congestion. 
Both our cases were classified as Cognard Type Ⅴ le-
sions. Type Ⅴ DAVF usually have aggressive symptoms 
with progressive myelopathy due to spinal cord venous 
hypertension. The perimedullary venous drainage can ex-
tend down to the thoracic or lumbar levels.

The etiology of  DAVFs is not entirely clear. It is 
generally accepted that DAVFs in adults are acquired. 
Trauma, prior surgery, sinus thrombosis, and stenosis 
have been proposed as possible etiologies[3,4,8,9]. An atypi-
cal presentation can lead to delays in accurate diagnosis, 
as clinicians may first think of  other causes of  rapidly 
progressive weakness, such as Guillian Barre syndrome 
and transverse myelitis. Both the cases we have presented 
were suspected to be suffering from similar neurologi-
cal ailments. Only after failure to improve with standard 
therapy were further investigations conducted and the 
dAVF discovered on MRI imaging. This goes to under-
score the importance of  an accurate and timely diagnosis 
and the value of  MRI in the acute setting since delayed 
diagnosis leads to grave neurologic and functional prog-
nosis[10].

MRI findings can be subtle and difficult to interpret. 
These include prominent perimedullary flow voids as well 
as T2 signal intensity in the brainstem and spinal cord 

December 16, 2014|Volume 2|Issue 12|WJCC|www.wjgnet.com 909

Figure 3  Arteriovenous fistula shown in Figure 2 now successfully emboli-
zed with Onyx without any residual filling seen following embolization.

Figure 4  Magnetic resonance imaging brain and cervical spine showing 
asymmetric expansion and T2/FLAIR signal abnormality of the left side of 
the brainstem at the cervicomedullary junction, as well as diffuse expan-
sion and mild diffuse T2 signal abnormality within the cervical and upper 
thoracic spinal cord.

Figure 5  Cerebral angiogram showed a left transverse sigmoid junction 
dural arteriovenous fistula fed by the left occipital artery.

Figure 6  Post onyx embolization angiogram shows no persistent opacifi-
cation of the fistula with left occipital artery injection.
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indicating the presence of  venous congestion and edema. 
Diffuse signal change in the brainstem and spinal cord, 
with dilated perimedullary veins combined with a pre-
sentation of  progressive myelopathy should always raise 
the suspicion of  a DAVF[8]. Cerebral angiography is the 
gold standard for diagnosis. Arterial feeders to DAVFs 
can originate from branches of  the external carotid artery 
such as the occipital artery, posterior meningeal artery, 
middle meningeal artery, as well as meningeal branches 
of  pial arteries[9,11,12]. When the arterial phase of  spinal 
angiography is negative, an extended observation of  the 
venous phase should be performed looking for venous 
stagnation which is a sign of  venous hypertension.

The optimal management strategy for DAVF is still 
controversial. It is recommended that DAVF be managed 
at a center with multidisciplinary experience in endovas-
cular therapy, microsurgery and radiosurgery. Although 
both of  our patients were successfully treated endovascu-
larly, there is still a major role of  conventional microsur-
gery in selected patients. Surgical therapy involves ligation 
and disruption of  the arterio-venous fistulous connection, 
with success rates of  87.5% to 100% reported in litera-
ture[1-3,12]. Embolization with Onyx can be used as a first 
line therapy in many patients, with reportedly high rates 
of  durable cure and low rates of  complications[13,14]. There 
is some evidence to suggest that surgical ligation may of-
fer permanent cure without any recurrence compared to 
endovascular therapy where recurrence may occur[15].

Endovascular and surgical therapies are associated 
with significantly improved symptoms once the defini-
tive diagnosis of  SDAVF is made, with studies showing 
significant improvement in patient outcomes measured 
on the Aminoff-Logue scale. The Aminoff-Logue scale is 
a disability scale comprising of  three subcategories which 
score the patient on their gait, micturition and bowel 
control. Literature supports post-treatment improvement 
particularly in the subcategories of  micturition and gait[16]. 

In conclusion, DAVFs are rare but aggressive and po-
tentially fatal vascular malformations. Atypical presenta-
tion can mimic other more common neurologic disorders 
delaying diagnosis. Early diagnosis is important in these 
cases as a prompt intervention can result in great func-
tional outcomes as evidenced by our cases.

COMMENTS
Case characteristics
The authors present two cases of dural arteriovenous fistula presenting as rap-
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resolution of the dural AV fistula. 
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Term explanation
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presenting as progressive myelopathy and discusses treatment options available. 
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Abstract
Relapsing polychondritis (RP) is a rare autoimmune 
disease with chronic inflammatory/destructive lesions 
of the cartilaginous tissues. In one third of the cases it 
is associated with other autoimmune disorders, mostly 
with anti-neutrophil cytoplasmic antibody (ANCA) as-
sociated vasculitis (AAV). We report three cases of RP 
with p-ANCA positive AAV. In the first patient RP devel-
oped 1.5 years after the onset of AAV. In the others the 
signs of RP were present before the onset of severe 
crescent glomerulonephritis. Patients responded well 
on steroid and cyclophosphamide. In dialysis depend-
ent cases plasmapheresis was also used successfully. 
During the 2 and 1.5 years of follow up, they were 
symptom-free, and had stable glomerular filtration rate. 
The first patient died after four years of follow-up due 
to the complications of sudden unset pancytopenia, 

which raises the possibility of associated hemophago-
cytic syndrome. In the setting of RP or AAV physicians 
should always be aware of the possibility of sudden or 
insidious appearance of the other disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Relapsing polychondritis; Anti-neutrophil 
cytoplasmic antibody; Anti-neutrophil cytoplasmic anti-
body-associated vasculitis; Rapidly progressive glomer-
ulonephritis; Immunosuppressive treatment

Core tip: Relapsing polychondritis (RP) is a rare disease 
usually diagnosed late when serious symptoms occur. 
Appearance of renal symptoms significantly increases 
the possibility of associated associated vasculitis (AAV). 
We present three cases of RP in whom AAV occurred 
at different times during the illness. AAV caused rapidly 
progressive glomerulonephritis (RPGN) in the second 
and third patient. Aggressive immunosuppression re-
sulted in remission of both RP and AAV. In the RPGN 
cases dialysis could be discontinued.

File I, Trinn C, Mátyus Z, Ujhelyi L, Balla J, Mátyus J. Relaps-
ing polychondritis with p-ANCA associated vasculitis: Which 
triggers the other? World J Clin Cases 2014; 2(12): 912-917  
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v2/i12/912.htm  DOI: http://dx.doi.org/10.12998/wjcc.v2.i12.912

INTRODUCTION
Relapsing polychondritis (RP) is a rare disease character-
ized by recurrent inflammatory flares of  cartilaginous 
structures of  ear, nose, joints, larynx and tracheobron-
chial tree[1-4]. The aetiology of  RP is not clearly defined, 
but the pathogenesis should involve an autoimmune 
response to cartilage[5]. About one third of  RP cases can 
be associated with other multi-system diseases, of  which 
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primary systemic vasculitides are the most common. anti-
neutrophil cytoplasmic antibody (ANCA) may be pres-
ent in up to 25% of  patients with RP[6]. Some of  these 
patients show a classical clinical picture of  one of  the 
ANCA associated vasculitides (AAV) and polychondritis 
is usually thought to be a secondary phenomenon[7-9]. 
However many RP patients with ANCA positivity do not 
have any, or only limited, vasculitic symptoms[6] and the 
occurrence of  RP may precede AAV[10-12]. It is possible 
that the development of  ANCA could be provoked by 
RP, as it was seen by us in rheumatoid arthritis patients[13].

Whatever is the sequence of  disease manifestations, 
the occurrence of  renal symptoms significantly raise the 
possibility of  (underlying or secondary) AAV, the need 
for more aggressive treatment, and indicates worse prog-
nosis[14-17]. We present three cases of  RP in whom AAV 
occurred at different times during the illness. Two pa-
tients developed rapidly progressive glomerulonephritis 
(RPGN). The aggressive treatment resulted in dialysis 
independence in both cases.

CASE REPORT
Case report 1
In March 1998 microscopic polyangiitis was diagnosed 
in a 58 years old male, based on four weeks’ history of  
fever, anaemia, purpura, arthralgia, episcleritis, axonal 
neuropathia, and p-ANCA positivity of  38 U/mL (normal 
< 3 U/mL). Glomerular haematuria, granular casts and 
mild proteinuria were also present. The serum creatinine 
was normal, therefore a kidney biopsy was not per-
formed. Renal angiography did not find any aneurysms. 
Skin biopsy verified small vessel vasculitis. Per os treatment 
with 1 mg/kg steroid and 2 mg/kg cyclophosphamide 
resulted in quick resolution of  symptoms and p-ANCA 
negativity, but 2 mo later severe leucopenia and herpes in-

fection of  the skin developed, therefore cyclophosphamide 
was withdrawn. The patient was well on a low dose steroid, 
but after tapering the dose to 4 mg/d in November 1999 
episcleritis reoccurred. Painful swelling and redness of  
both auricles with sparing of  the ear lobe had also devel-
oped (Figure 1). Auricular polychondritis spontaneously 
diminished, but in the next months it relapsed twice. Less 
severe inflammation of  the nose bridge was also present. 
Based on these clinical symptoms the diagnosis of  re-
lapsing polychondritis was established. ANCA remained 
negative and no other signs of  systemic vasculitis reoc-
curred. Increased steroid dose and azathioprine resulted 
in remission of  polychondritis, therefore six month later 
azathioprine was withdrawn and only 4-8 mg of  methyl-
prednisolone was applied. In June of  2002 fever, weak-
ness and purpura reoccurred. Severe thrombocytopenia 
(24 G/L), leucopenia (1,2 G/L) and anaemia (Hb 78 g/L) 
were also present. Bone marrow biopsy showed hyper-
regenerative cell lines but also a delay in cell maturation 
thus leading to pancytopenia. Occasionally macrophages 
containing red blood cell fragments within their cyto-
plasm were also present. No primary haematological 
disease was seen and ANCA was negative. Pulse steroid 
treatment was given resulting in quick improvement of  
pancytopenia. In August 2002 pancytopenia suddenly re-
occurred and the patient died within 24 h after admission 
into another institution. No autopsy was performed.

Case report 2
A 63-year old woman was admitted to our Department in 
July 2012 with two months’ history of  6 kg weight loss, 
fatigue, subfebrility, elevated C-reactive protein and nor-
mocytic anaemia. She had renal failure as well and needed 
urgent haemodialysis (serum creatinine 1040 μmol/L). 
Urinalysis disclosed proteinuria and glomerular haema-
turia, ultrasound showed normal size kidneys. Rapidly 
progressive glomerulonephritis was suspected. The renal 
biopsy demonstrated pauci-immune necrotizing glomeru-
lonephritis with fibrocellular crescents being present in 
70% of  glomeruli (Figure 2). She had elevated anti-MPO 
titer: 21 U/mL (normal < 5 U/mL). The diagnosis of  
ANCA associated systemic vasculitis was established. 
Typical signs of  auricular chondritis were also present, 
her ears were tender and had cauliflower appearance. She 
complained of  dizziness, hearing loss, and compromised 
smell. Her bilateral mixed hearing loss was diagnosed 8 
years earlier. In the recent years she had migrating tran-
sient polyarthralgia, recurrent nasal obstruction and red 
eyes, but medical consultation was not sought except due 
to hypertension in 2010. These signs and symptoms led 
to the diagnosis of  relapsing polychondritis. Pulse steroid 
of  3 × 1 g was given and five sessions of  plasmapheresis 
were performed. Treatment resulted in immediate resolu-
tion of  the inflammatory symptoms. Maintenance immu-
nosuppression was continued in a dose of  0.5 mg/kg per 
day prednisolone and 1.5 mg/kg per day cyclophospha-
mide per os. Renal function improved, in February 2013 
dialysis could be discontinued, cyclophosphamide was 
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Figure 1  Red and swollen ear of patient 1. The inflammation spares the 
lobule.   



withdrawn. Prednisolone was stopped in June 2014 (estimate 
GFR 20 mL/min per 1.73 m2, proteinuria 0.5 g/L). Dur-
ing the 2 years of  follow-up, no relapse of  vasculitis or 
polychondritis was observed. Anti-MPO level remained 
negative, her hearing and the shape of  her ears returned 
to normal.

Case report 3  

A 56-year-old woman - with a ten year history of  hyper-
tension - was referred to our Department in October 
2012 due to RPGN requiring dialysis. ANCA associated 
glomerulonephritis was established based on > 100 U/
mL anti-MPO (normal < 5 U/mL) and pauci-immune 
glomerulonephritis (fibrocellular crescents in 10 of  32 
of  glomeruli) seen in the kidney biopsy. In recent years 
she repeatedly experienced hoarseness, sore throat, laryn-
gotracheal pain, swollen, tender, painful ears and low 
grade fever. Symptoms sometimes disappeared sponta-
neously, sometimes she was treated with antibiotics and 
analgesics. She also had migrating arthralgia. Based on 
these signs preceding polychondritis was also diagnosed.  
Before the start of  her complaints she punctured her 
finger while vaccinating rabbits against myxomatosis. At 
that time (September 2011) laboratory tests revealed nor-
mal renal function without proteinuria and haematuria. In 
September 2012 her throat and ear complaints reoccurred 
accompanied by fever, fatigue, weight loss, macroscopic 
haematuria and oliguria. Considering this acute episode 
she was started on the following therapy: pulse pred-
nisolone (4 × 0.5 g), plasmapheresis (5 session), and 1.5 
mg/kg oral cyclophosphamide. The treatment resulted in 
resolution of  the inflammatory symptoms, renal function 
improved, and dialysis could be discontinued. Anti-MPO 
level decreased to 16 U/mL.  The patient was discharged 
in good condition with 0.8 mg/kg per day methylpred-
nisolone and 1.5 mg/kg per day cyclophosphamide. After 
three weeks she needed admission to our intensive care 
unit due to high fever, repeated convulsions, agitation 
and unconsciousness. ANCA titer was normal, renal 
function has not deteriorated, and her ears and throat 
did not show signs of  inflammation. Therefore cerebral 
symptoms were suspected not caused by a vasculitic 

episode but rather by an immunosuppression-related 
cerebral infection. Herpes encephalitis was diagnosed 
by liquor herpes simplex virus polymerase chain reaction  
positivity. Intravenous acyclovir and immunoglobulin was 
administered, the steroid dose increased and cyclophos-
phamide discontinued. This therapy resulted in a slow but 
full recovery regarding cerebral symptoms. The steroid was 
gradually tapered and stopped after 1 year. There was no 
relapse of  polychondritis or vasculitis during the 18 mo 
follow-up, eGFR stabilized about 20 mL/min per 1.73 m2, 
there was no proteinuria, and ANCA tests were negative.

The most important laboratory findings are presented 
in the Table 1.

DISCUSSION
We present three cases of  ANCA associated vasculitis, 
who also merit the diagnostic criteria for RP. They are 
not exceptional cases, because vasculitis can be seen in 
14% of  RP patients[1], ANCA positivity in up to 25% 
of  RP patients[6]. The annual incidence of  AAV and RP 
(which is about 10-30/million and 3.5/million population 
respectively) makes it unlikely that these cases represent 
simple coincidence. 

About one third of  RP cases can be associated with 
other autoimmune diseases, of  which vasculitis is the 
most common[1-4]. All types of  vasculitis were already 
reported with RP, including microscopic polyangiitis[10,14], 
polyangiitis with granulomatosis[18], eosinophil granulo-
matosis with polyangiitis[19], among them most frequently 
AAV. In our three cases microscopic polyangiitis was di-
agnosed based on the general and renal signs of  systemic 
vasculitis, the absence of  eosinophilia, allergic rhinitis/
asthma or sinusitis/otitis. The p-ANCA, anti-MPO posi-
tivity is also characteristic for MPA. 

There are no specific clinically applicable tests to con-
firm the diagnosis of  RP. Antibodies against type Ⅱ col-
lagen and matrilin-1 (cartilage matrix protein prominent 
in tracheal, auricular, and nasal cartilages) can be detected 
in sera of  patients with RP, however their sensitivity and 
specificity is very low[5]. Therefore the diagnosis of  RP 
is based on clinical signs[20]. Currently the diagnosis of  
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Figure 2  Renal biopsy of the second patient: extensive fibrocellular crescents in the glomeruli. A: Haematoxilin-eosin × 40; B: Periodic acid-Schiff × 40. 
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RP requires the presence of  a proven inflammation in 
at least 2 of  3 of  the auricular, nasal, or laryngotracheal 
cartilages, alternatively, a proven inflammation in one of  
the above cartilages and two other signs including ocular 
inflammation, hearing loss, vestibular dysfunction, or se-
ronegative arthritis[21]. 

In our cases the auricular chondritis was the diagno-
sis-raising sign, but there were other signs in every case 
to meet the diagnostic criteria of  RP. In the first patient 
recurrent polychondritis developed 1.5 years after the on-
set of  typical vasculitis (neuropathy, purpura, haematuria) 
when the steroid dose was tapered off. This supports the 
concept, that RP is a secondary phenomenon of  underly-
ing AAV. However, at that time vasculitis was not active, 
furthermore ANCA was negative. This observation is 
counter to the findings outlined in a recent case report[9].  

In Case 3 the ear and throat symptoms preceded the 
vasculitis by one year. Her symptoms started after an ac-
cidental needle-puncture while vaccinating rabbits against 
myxomatosis. It is possible that the attenuated Myxoma 
virus was the trigger activating the immune system by mo-
lecular mimicry. In Case 2 AAV and auricular chondritis 
occurred at the same time, but her hearing loss preceded 
them by eight years. From that time she had recurrent 
auricular, nasal and ophthalmological symptoms, which 
raises the possibility of  RP. The diagnosis of  RP is dif-
ficult in the early stage because the incidence of  each 
symptom is less than 50% at the onset[1]. The diagnosis 
is usually delayed by 3 years[22] but the delay can be as 
long as 10 years[23]. Extremely precise case history and 
clinical evaluation is needed. In this case the biopsy of  
an involved cartilage could help. Biopsies, however, often 
show only nonspecific granulation tissue, so the pathog-
nomonic findings for RP may be not be easy to obtain[24]. 

In spite of  the fact that glomeruli do not contain type 
II collagen, renal involvement was reported in 29/129 
cases in the Mayo Clinic study[17]. Haematuria was the 
most frequent abnormality occurring in 26% of  337 pa-
tients[1]. It was observed in all our cases, indicating a pro-
liferative glomerulonephritis. Rapid decline in glomerular 
filtration rate (GFR) was seen in two cases raising the sus-

picion of  pauci-immune crescentic glomerulonephritis, 
which was verified by a kidney biopsy. This type of  glo-
merular lesion is diagnostic for AAV-s, even if  ANCA is 
not present. In the early phase of  kidney damage only fo-
cal segmental glomerular necrosis can be present. These 
lesions were the most frequently observed pathological 
finding in RP and rose the suspition of  vasculitis even de-
cades earlier when ANCA was not yet available[14-17]. Less 
frequently other types of  glomerulonephritides, such as 
IgA nephropathy[25], membranous nephropathy[26] had 
also been reported. We think that these lesions could not 
to be linked to RP. When renal signs appear it is very im-
portant to differentiate renal vasculitis from other causes:  
e.g., membranous nephropathy could be caused by non-
steroid anti-inflammatory drugs, used for the treatment 
of  arthralgia in RP.

Renal vasculitis indicates a worse prognosis and the 
need for more aggressive immunosuppressive treatment. 
Due to the poor response of  AAV to steroids alone, 
first-line regimes used in patients with RP/AAV overlap 
should include additional cyclophosphamide or other 
immunosuppression. Our patients responded well on 
steroid and cyclophosphamide treatment. In dialysis-
dependent cases we combined it with plasmapheresis. 
This regime resulted in dialysis independence in spite of  
the advanced histological picture. The patients became 
symptom-free both regarding RP and AAV. They have se-
verely decreased GFR, which could have been prevented 
had they been referred to us earlier. The first patient died 
after four years of  follow-up due to the complications of  
sudden unset pancytopenia. No primary haematological 
disease was seen on bone marrow biopsy. Therefore it 
was thought to be a result of  a flare of  the underlying au-
toimmune disease, which was supported by the fact that 
pulse steroid treatment had been effective. The presence 
of  hemophagocytosis and the recurrence of  pancytope-
nia with sudden respiratory failure raise the possibility of  
hemophagocytic syndrome. Its association with adult on-
set autoimmune disease has recently gained attention[27,28]. 
The association of  RP and AAV can lead to critical con-
ditions and treatment needs to be initiated promptly and 
undertaken by an experienced team. RP patients need a 
regular and prolonged follow up for renal symptoms and 
ANCA-s as well. 

Recommendation
In any case of  RP or AAV physicians should be aware of  
sudden or insidious appearance of  the other disease.

COMMENTS
Cases characteristics
A 58-year-old male diagnosed with microscopic polyangiitis experienced painful 
swelling and redness of both auricles, a 63-year-old woman had renal failure, 
tender and cauliflower-like ears, a 56-year-old woman -with a history of relaps-
ing polychondritis-presented with rapidly progressive glomerulonephritis. 
Clinical diagnosis
Swelling and redness of both ears, arthralgia, red eyes, hearing loss, tracheo-
bronchial pain pointed to relapsing polychondritis, while purpura, general (fever, 
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Case 1, male 
58 yr

03, 1998

Case 2 female 
56 yr 

7, 2012

Case 3, female 
63 yr 

10, 2012

  Proteinuria (g/d)        0.2           1.03       4.7
  Haematuria (vvt/hpf)   15   516 107
  Hb (g/L)   95     63   69
  CRP (mg/L) 209   101 103
  UN (mmol/L)        6.3     41   28
  Creatinine (μmol/L) 105 1040 534
  GFR (mL/min 
  per 1.73 m2)

> 60       3     7

  Anti-MPO ab (U/mL) 38 
(normal < 3)

21.8 
(normal < 5)

> 100 
(normal < 5)

Table 1  Laboratory findings in relapsing polychondritis 
patients with systemic vasculitis

CRP: C-reactive protein; GFR: Glomerular filtration rate.

 COMMENTS
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fatigue, weight loss), and renal (haematuria, oliguria) symptoms to vasculitis.
Differential diagnosis
Microscopic polyangiitis, polyangiitis with granulomatosis, eosinophil granuloma-
tosis with polyangiitis, other vasculitides, systemic lupus erythematodes, other 
causes of rapidly progressive glomerulonephritis (RPGN) can be considered.
Laboratory diagnosis
High C-reactive protein, anaemia, p-anti-neutrophil cytoplasmic antibody/anti-
MPO positivity, haematuria, proteinuria, elevated serum creatinine, decreased 
glomerular filtration rate (Table).
Imaging diagnosis
Chest X-ray was unremarkable, abdominal ultrasound showed normal size kid-
neys.
Pathological diagnosis
Skin biopsy of the first patient showed small vessel vasculitis, renal biopsy of 
the other two patients was consistent with pauci-immune crescentic glomeru-
lonephritis.  
Treatment
Immunosuppressive treatment with steroid, cyclophosphamide, azathioprine; in 
the RPGN cases plasmapheresis was the specific medication.
Related reports
There are only scattered case reports about the association of relapsing poly-
chondritis (RP) and associated vasculitides (AAV).
Term explanation 
Pauci-immune glomerulonephritis is diagnosed based on extensive extracapil-
lary proliferation (leading to crescent formation) and necrotic lesions in the 
capillary tuft with negative immunofluorescent and electron microscopic finding.
Experiences and lessons
In any case of RP or AAV physicians should be aware of sudden or insidious 
appearance of the other disease.
Peer review
It is properly writen article on case series of relapsing polychondritis and vascu-
litis. 
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Abstract
Bezoars are accumulations of human or plant fiber 
located in the gastrointestinal tract of both humans 
and animals. Patients remain asymptomatic for several 
years, and the symptoms develop as these accumula-
tions increase in size to the point of obstruction or per-
foration. We report the case of a 21-year-old patient at 
10 d postpartum, who presented with acute abdomen 
associated with sepsis. Given the urgency of the clinical 

picture, at no point was the presence of a giant bezoar 
at gastric level suspected, specifically a trichobezoar. 
The emergency abdominal and pelvic ultrasound re-
vealed only unspecific signs of perforated hollow viscus. 
Diagnosis was therefore made intraoperatively. A com-
plete gastric trichobezoar was found with gastric per-
foration and secondary peritonitis. The peritoneal fluid 
culture revealed Candida glabrata .

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bezoar; Postpartum period; Acute abdomen 

Core tip: This case report describes the presentation 
of a gastric trichobezoar as an acute abdomen in pu-
erperal woman with a detailed clinical description and 
images. The discussion provides an extensive analysis 
on the various types of treatments that exist today and 
their results, as well as evaluating its association with 
specific psychiatric diseases, and the finding of Candida 
infection in the patient evolution.

Losada Morales H, Huenchullán Catalán C, Arriagada Deme-
trio R, Espinoza Rivas M, Castagnoli Parraguez N, Alanis 
Alvarez M. Gastric trichobezoar associated with perforated 
peptic ulcer and Candida glabrata infection. World J Clin 
Cases 2014; 2(12): 918-923  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i12/918.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.918

INTRODUCTION
The trichobezoar is a rare medical condition composed 
of  a mass of  hair in the proximal gastrointestinal tract, 
which can cause obstruction, and almost exclusively af-
fects young women[1,2]. Its prevalence ranges from 0.06% 
to 4% in the general population[3]. It is considered a re-
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sult of  trichotillomania, a psychiatric disorder linked to 
compulsively removing hair from the head and body in 
general[4]. When hair is ingested, it resists digestion and 
peristalsis, which is why it accumulates in the folds of  the 
gastric mucosa. Mostly it remains confined to this level; 
but on some occasions it passes the pylorus, reaching the 
jejunum, ileum and even the colon. This condition was 
described for the first time by Vaughan et al[5] in 1968, 
and was called Rapunzel syndrome. The aim of  this work 
is to report the clinical case of  a patient with acute abdo-
men involving perforated hollow viscus associated with 
sepsis during the post-Cesarean period, who presented 
with a giant trichobezoar intraoperatively, and to review 
the clinical presentation, study through imaging, risk fac-
tors, complications and treatment.

CASE REPORT
Patient, 21 years of  age, female, with a history of  insulin 
resistance with no current pharmacological treatment. 
She came to the emergency room of  the Clínica Alemana 
Temuco, Chile ten days after an uneventful Cesarean sec-
tion, referred from the hospital in Angol due to acute 
pain in her left side with 24 h of  evolution, colicky in 
nature and with an intensity of  10/10 on the pain scale, 
without radiation, associated with sweating and involve-
ment of  her general state. In the initial evaluation, she 
was described as endomorph (BMI: 26), with altered vital 
signs in the range of  systemic inflammatory response 
syndrome: blood pressure 124/80 mmHg; mean blood 
pressure 87 mmHg; heart rate 150 beats per minute in 
sinus rhythm; temperature 36 ℃; respiratory rate 21 
breaths per minute; oxygen saturation 98% with 3 L/min 
of  oxygen via nasal prongs. On physical examination 
she was alert, focused and responsive (Glasgow Scale: 
15 points), pale in skin and mucosa, vesicular murmur 
reduced in both lung fields, and abdomen distended with 
no sounds, yielding to the touch with diffuse tender-
ness with signs of  peritoneal irritation. The laboratory 
examinations on admittance were as follows: hematocrit 
34.7%; leukocyte count: 16100 K/uL; platelets: 984000 

K/uL; erythrosedimentation rate: 41 mm/h; C-reactive 
protein: 502 mg/L; creatinine: 1.52 mg/dL; uremia: 64 
mg/dL; prothrombin percentage/thromboplastin time: 
55.7%/42.1 s; INR: 1.3; sodium: 134 mmol/L; potassi-
um: 5.5 mmol/L; chlorine: 105 mmol/L. The abdominal-
pelvic ultrasound taken in the emergency room revealed a 
moderate amount of  free fluid and pneumoperitoneum; 
the uterus was enlarged due to purulent fluid at the bot-
tom of  the Pouch of  Douglas (Figures 1 and 2). The 
patient was admitted to the ICU with diagnoses of: (1) 
Acute abdomen; (2) Systemic inflammatory response 
syndrome (SIRS); (3) Early postpartum 10th day Cesarean 
section; and (4) Acute renal dysfunction.

Support began with conservative therapy: zero 
regimen, oxygen therapy and resuscitation with fluids. 
Follow-up tests 3 h later: hematocrit: 23.5; leukocytes: 
10500; platelets: 735000. The patient received antibiotic 
prophylaxis (2 g ceftriaxone and 500 mg metronidazole) 
and a transfusion of  2 UI of  deep frozen fresh plasma. 
Through imaging, the patient was considered to be in 
post-Cesarean period with acute abdomen, abdominal 
sepsis and possible perforated hollow viscus. An explor-
atory laparotomy was performed, which found purulent 
fluid in 4 quadrants, a left subphrenic abscess, cecal ap-
pendix with the end phlegmonous and ulcerated, two 
perforated gastric ulcers, one in the anterior wall and 
another in the posterior wall, with a collection of  gastric 
fluid in the omental bursa, and complete gastric tricho-
bezoar involving the stomach and duodenum (weight: 
1090 g) (Figure 3). The technique used was an anterior 
gastrotomy and bezoar extraction (Figures 4-6), closing 
the wound, including the ulcer, with a running stitch of  
3-0 polydioxanone, single-layer suture and running stitch 
with 2-0 silk. Closing the ulcer in the posterior wall was 
done with 3-0 polydioxanone and an omental patch, fix-
ing it with 3-0 silk.

The patient evolved favorably in the early postop-
erative phase, but at 3 d she began with a fever up to 
38.9 ℃, for which empirical antibiotic treatment was in-
troduced. She remained hospitalized 25 d and in total and 
four days in intensive care unit. Peritoneal fluid culture 
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Figure 1  Abdominal ultrasound at epigastric level shows moderate amount 
of free fluid (yellow arrow) and reverberation artifact immediately under the 
abdominal wall compatible with intraperitoneal free air (red arrow).

Figure 2  At pelvic level, enlarged uterus is observed associated with free 
fluid, which presents echogenic material within suggestive of pus (white 
arrow).



was positive for Candida Glabrata; therefore, infectology 
assessed the case and decided to initiate anti-fungal drugs 
due to the presentation in the case of  a hollow viscus 
rupture in conjunction with a bezoar. During hospitaliza-
tion a psychiatric evaluation, during an interview of  the 
patient and her mother, revealed that she had exhibited 
trichotillomania and trichophagia daily since the age of  
12. The behavior decreased during pregnancy, and she 
was therefore diagnosed with moderate anxiety disor-
der with trichotillomania and inactive trichophagia. The 
methylene blue test was negative on the seventh postop-
erative day. Antibiotic therapy with ertapenem in addition 
to caspofungin was completed after two weeks. Evolution 
was good, with a good response, so discharge was given, 
completing oral anti-fungal treatment with voriconazole 
for three weeks.

DISCUSSION
A bezoar is defined as a mass of  ingested foreign mate-
rial accumulated in the digestive tract. It means “protec-
tion against poison” or antidote, given its use for curative 
purposes and even superstitions associated with good 
luck[6,7]. The first recorded case was in 1779, when Bau-
damant described the presentation in a woman[8]. Bezoars 
are classified into 5 groups according to the substance 
that comprises it: phytobezoar, pharmaco-bezoar, tricho-
bezoar, lactobezoar and foreign body bezoar[9]. 

Bezoars are described as occurring in 1% of  the 
population, associated mainly with gastric disorders such 
as hypomotility, hyposecretion with hypochlorhydria, and 
a history of  resection[10]. In one retrospective study, 87 
cases of  intestinal bezoars were presented, in which diag-
nosis was made using the clinical history plus an endos-
copy. The results included the presence of  a prior surgery 
in 76 of  the cases. In 3% of  the cases, the most widely 
used technique was the bilateral truncal vagotomy with 
a pyloroplasty (75.8%). Other factors to consider would 
be an excess of  plant fiber ingestion in 39.5%, and altera-
tions in teething and chewing in 24%[11].

In our case it was more important specifically to 
investigate the presence of  trichotillomania, a disorder 
listed in the fifth edition of  the Diagnostic and Statisti-
cal Manual of  Mental Disorders, in the section on Ob-
sessive-Compulsive and Related Disorders[12]. Although 
its prevalence and comorbidity have not been clearly 
determined, different series of  cases describe from 5% 
to 30% of  patients with trichotillomania as having associ-
ated trichophagia[13-15], while 1% to 37.5% of  these will 
develop a trichobezoar[13,15-17].

The clinical presentation generally occurs with symp-
toms and signs of  acute abdomen and intestinal obstruc-
tion. This includes abdominal pain, nausea, bilious vomit-
ing, hematemesis, anorexia, early satiety, weakness, weight 
loss and an abdominal mass[18-20]. Associated systemic 

December 16, 2014|Volume 2|Issue 12|WJCC|www.wjgnet.com 920

Figure 3  Trichobezoar extracted weighing 1.09 kg. 

Figure 4  Finding of hair through perforated ulcer.

Figure 5  Gastric opening for extraction of trichobezoar.

Figure 6  Trichobezoar mass taking the shape of the stomach and part of 
the duodenum.

Losada Morales H et al . Gastric trichobezoar in puerperal woman



complications include anemia, due either to nutritional 
deficit or gastrointestinal bleeding, and gastric ulcers have 
been documented in cases of  gastric bezoars[21]. Imag-
ing, such as ultrasound, can be useful in the detection of  
an abdominal mass, although computed tomography is 
more precise in assessing the characteristics of  a bezoar 
and will allow the additional identification of  bezoars in 
other places in the gastrointestinal tract. The diagnosis is 
established by endoscopy[2,18,22], and sometimes this can 
be effective as a treatment as we will analyze later.

In terms of  surgical approach, this is where most of  
the debate lies with respect to management. Laparotomy, 
laparoscopy, endoscopic removal and even chemical dis-
solution in the case of  phytobezoars have all been pro-
posed. The choice is made on the basis of  the size and 
composition of  the bezoar[6,23].

The endoscopic removal of  a trichobezoar has not 
been standardized, and a variety of  techniques have been 
described in the literature, among which the following 
have been emphasized: fragmentation and removal with 
forceps, polypectomy snare, hydrolysis, neodymium-
doped yttrium aluminum garnet laser, mechanical litho-
tripsy, electrohydraulic lithotripsy or extracorporeal shock 
wave lithotripsy[9,24-27]. The first report of  the successful 
endoscopic removal of  a trichobezoar was for one that 
weighed 55 g[28]. An analysis of  case reports where endos-
copy was used as a first approach revealed a success rate 
of  only 5%[29]. The difficulties of  this technique are due 
to an unsuccessful fragmentation that might be explained 
by the size trichobezoars can reach, as well as by the den-
sity and hardness of  the formed mass[30,31]. The repeated 
introduction of  the endoscopy to achieve removal of  all 
the fragments can cause esophagitis, pressure ulcers and 
even esophageal perforation[32]. Even in cases like ours 
of  large trichobezoars, the attempt at fragmentation may 
allow the bezoars to migrate beyond they pylorus and 
cause an intestinal obstruction. The search for satellites 
in the intestine is not optimal with endoscopy, and their 
removal is impossible. Thus the role of  endoscopy has 
advanced more towards diagnostic management than 
treatment. It allows us to differentiate, in the context of  
a gastric mass of  an unknown nature, between a tricho-
bezoar and foreign bodies that can be extracted or frag-
mented via endoscopy[33].

As far as surgical removal is concerned, it is impor-
tant to differentiate between the classic and the lapa-
roscopic approaches. The first report of  a successful 
result of  laparoscopy for a trichobezoar was published 
in 1998 regarding a 7-year-old girl[21]. To date the case 
reports endorsing this technique have been few, mainly 
in the pediatric population, limited mainly by the size and 
the presence of  satellites in the intestine[29,30,32,34-37]. The 
combination of  techniques has been used, implementing 
fragmentation laparoscopically and removal endoscopi-
cally[38]. The advantages of  laparoscopy as it relates to a 
trichobezoar are a lower rate of  postoperative complica-
tions, a reduced hospital stay, and a better cosmetic result. 
The disadvantages are a longer operating time, greater 

complexity in the review of  the intestine in search of  
satellites, and the risk of  contaminating the abdominal 
cavity with hair fragments[39].

The laparotomy has been successful in most cases: 
over 100 cases of  successful results with this technique 
have been described[40]. Complications with this technique 
are described in 12% of  the cases[40], and these include 
intestinal perforation during removal of  the trichobe-
zoar[41,42], infection of  the surgical wound[43], pneumonia, 
and paralytic ileum[44].

Another interesting point to analyze in our case is the 
Candida Glabrata infection. One study reported on the 
cases presented for one year with a diagnosis of  peritoni-
tis due to a perforated peptic ulcer. There were 62 cases in 
all, of  which 23 (37.09%) had peritoneal fluid cultures that 
tested positive for Candida, ten (16.12%) for isolated bac-
teria and the rest were negative. That analysis concluded 
there were no significant risk factors for developing the 
different species. In addition, they marked an important 
prognostic factor with an up to 21.7% likelihood of  mor-
tality for the case of  Candida peritonitis, compared to the 
results for bacterial peritonitis and negative cultures, which 
were 0% and 3.4% respectively. The specific case of  Can-
dida Glabrata peritonitis was second in frequency (13.04%) 
in this series, surpassed by Candida Albicans peritonitis with 
78.26%[45]. Other reports associate the gastric mycotic 
infection as a factor related to gastric perforation[46]. This 
point emphasizes the importance of  taking a peritoneal 
fluid culture in patients with secondary peritonitis.

After the anti-fungal treatment, the patient in our 
report presented a good clinical evolution and was dis-
charged with no associated morbidity. 

COMMENTS
Case characteristics
Abdominal pain in a puerperal woman associated with systemic inflammatory 
response syndrome.
Clinical diagnosis
Acute abdomen.
Differential diagnosis
The principal differential diagnosis was the complications of previous cesarean 
section , as an uterine rupture or large bowel perforation.
Laboratory diagnosis
Laboratory signs of systemic response.
Imaging diagnosis
Pneumoperitoneum and free fluid suggestive of pus. 
Pathological diagnosis
Tricobezoar.
Treatment
Anterior gastrotomy and bezoar extraction.
Related reports
Psychiatric diseases in relation with tricobezoar.
Term explanation 
Association with Candida Glabrata infection.
Experiences and lessons
The authors need a high level of diagnostic suspicion, and use the anamnesis 
to find trichotillomania in antecedents to supply our diagnosis.
Peer review
The case-report is interesting and so is the complication and super infection.
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Abstract
Ectopic liver tissue (ELT) is a rare condition, which is 
usually not diagnosed preoperatively, but coincidentally 
during abdominal surgery. While the location of ELT can 
vary, it is usually localized on the gallbladder wall or in 
close proximity. ELT is associated with various compli-
cations, a major complication being extrahepatic hepa-
tocellular carcinoma. A 59-year-old female underwent 
elective surgery for chronic cholecystitis with stones. 
During laparoscopic exploration, a 2-cm-diameter ELT 
was detected in the anterior gallbladder wall and a 
laparoscopic cholecystectomy was performed. The case 
is presented due to the rare nature of ELT and as a re-
minder of ELT-related complications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ectopic liver tissue; Laparoscopic cholecys-
tectomy; Hepatocellular carcinoma

Core tip: Ectopic hepatic tissue is a rare condition and 
it has been reported in several sites, such as the gall-

bladder, gastrohepatic ligament, adrenal glands, and 
esophagus. It is usually clinically silent and found inci-
dentally. Ectopic hepatic tissue carries an increased risk 
of malignant degeneration to hepatocellular carcinoma. 
It should be discovered and removed by the surgeon 
to prevent a higher risk of complications and malignant 
transformation.

Arslan Y, Altintoprak F, Serin KR, Kivilcim T, Yalkin O, Oz-
kan OV, Celebi F. Rare entity: Ectopic liver tissue in the wall 
of the gallbladder - A case report. World J Clin Cases 2014; 
2(12): 924-926  Available from: URL: http://www.wjgnet.
com/2307-8960/full/v2/i12/924.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.924

INTRODUCTION
Congenital localization anomalies of  the liver are rare, 
and can be classified into two major subgroups: those 
that are connected to the main liver tissue mechanically, 
and those that are not[1]. Ectopic liver tissue (ELT) is a 
subtype that is not connected to the main liver tissue, 
and it can be present in any intra-abdominal or supradia-
phragmatic location. The most frequent intra-abdominal 
location is the gallbladder, and ELT is generally identified 
by recognizing extra tissue on the gallbladder wall that is 
of  the same color as liver tissue[2]. 

First defined in 1922, ELT can vary in size, from 
microscopic scales to 3 cm in diameter. Despite its small 
size, since it is liver tissue histopathologically, it is prone 
to parenchymal diseases of  the liver, including carcinoma 
development. Due to its small size, ELT is generally not 
noticed during routine radiological examinations; how-
ever, when noticed, it might be necessary to differentiate 
it from various conditions, including gallbladder cancer[3]. 

Here, we present a case of  ELT on the gallbladder 
wall, which was detected during surgery, and review the 
relevant literature.
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CASE REPORT
A 59-year-old female presented to the general surgery 
clinic with occasional epigastric pain and dyspeptic com-
plaints for 2 mo. She had no history of  systemic disease, 
previous abdominal surgery, or regular medication use, 
and her physical examination and laboratory tests were 
normal. Abdominal ultrasonography (USG) revealed a 
large number of  millimeter-size stones in the gallbladder 
lumen, and she was scheduled to undergo an elective cho-
lecystectomy. Laparoscopic exploration revealed a 2 cm 
× 1 cm tissue mass located in the fundus of  the anterior 
gallbladder wall, which had the same color as the liver 
(Figure 1). The patient was diagnosed as having ELT on 
the gallbladder wall, and underwent a laparoscopic chole-
cystectomy (Figure 2). She did not have any postoperative 
problems, and was discharged on the second day. Follow-
ing histopathological examination, the tissue attached to 
the gallbladder wall was confirmed to be ELT. The speci-
men examination showed that it was a truly ectopic liver 
and was not connected to the mother liver. The patient 
has been followed without any problems for 5 mo.

DISCUSSION
Ectopic liver tissue is a rare condition that is usually 
detected coincidentally during a post-mortem examina-
tion or abdominal surgery. According to the literature, 
the incidence of  ELT at laparoscopy or laparotomy is 
0.24%-0.47%[4]. In a 5500-case autopsy series, the inci-
dence of  ELT was 0.05%[5], while its incidence was 0.47% 
in a 1060-case laparoscopic surgery series[6]. During the 
past 5 years, 5000 patients underwent abdominal surgery 
at our clinic for various reasons and ELT was observed 
in a single patient (0.02%), the case presented here.

The most frequent localization of  ELT is the gallblad-
der, although other sites have been reported, including 
the adrenal glands, pancreas, spleen, falciform ligament, 
pylorus, umbilicus, retroperitoneum, thorax (intrapleural/
extrapleural), and pericardium[2]. ELT is generally asymp-
tomatic, but it can present with recurrent abdominal pain 
due to torsion, hemorrhagic necrosis, or rupture, or with 
pressure symptoms due to mass formation as a conse-

quence of  malignant degeneration[7]. We believe that our 
patient’s non-specific complaints were due to cholecys-
topathy, and not associated with the ELT, because there 
was not pathological appearance of  ELT such as torsion, 
necrosis.

Various theories have been presented to explain the 
development of  ELT at different sites, and ELT can be 
seen together with biliary atresia, caudate lobe agenesis, 
omphalocele, and certain congenital cardiac anomalies[8]. 
We did not observe any comorbid anomalies in our case. 
It is a truly ectopic liver and is not connected to the 
mother liver. The ectopic liver tissue presents resulting 
from liver tissue migration to fundus of  gallbladder dur-
ing embryogenesis.

Ectopic liver tissue is not noticed during radiological 
examinations, as it is generally asymptomatic, rare, small 
in size, or the examiner is not aware of  this entity. The di-
agnosis of  ELT should be considered when a soft-tissue 
mass is detected on the gallbladder wall using USG or 
computed tomography. Color Doppler USG and angiog-
raphy can show the blood vessel feeding the liver. How-
ever, the incidence of  radiological detection is low, and 
the number of  reported cases for which a preoperative 
diagnosis has been made is very limited[2,3]. When noted 
radiologically, the exact diagnosis is made by showing the 
presence of  hepatic tissue in a percutaneous biopsy; how-
ever, this is not a suggested method for diagnosis, due to 
the bleeding risk and malignant degeneration[4]. 

The normal progression of  ELT is not known. Since 
it is liver tissue, it is affected by the same risk factors af-
fecting the liver, and lipid infiltration, cirrhotic changes, 
chronic active hepatitis, hemosiderosis, metastatic tumors, 
and hepatocellular carcinoma (HCC) have been reported 
to develop in ELT[8]. The development of  HCC is the 
most important condition, and involves a higher risk of  
neoplastic transformation that is independent of  the main 
liver tissue. The lack of  complete functional structure 
for neoplastic transformation in small ELT, absence of  
vascular and ductal systems, and possible metabolic insuf-
ficiency are believed to contribute to the carcinogenetic 
process[4,9]. 

In conclusion, ELT is a rare condition, and it is dif-
ficult to make a radiological diagnosis. When seen during 
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Figure 1  Laparoscopic exploration: A 2 cm × 1 cm cm tissue mass located 
at the gallbladder wall, which had the same color as the liver.

Figure 2  Laparoscopic cholecystectomy material with ectopic tissue.
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a surgical intervention, it should be excised because of  the 
possibility of  developing a malignancy.

COMMENTS
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Abstract
A 49-year-old female patient consulted us for a cardiac 
evaluation before undergoing colon adenocarcinoma 
surgery. Three years prior, the patient underwent coro-
nary angiography for dyspnea. The coronary angiogra-
phy examination revealed a fistula originating from the 
left anterior descending artery and left main coronary 
artery, which had soft aneurysmal sacs and most likely 
drained into the pulmonary artery. Parasternal short 
axis echocardiography revealed a color flow that could 
be related to the fistula, but the other echocardiograph-
ic findings were normal. The patient did not accept the 
proposed examination and invasive treatment. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Left main coronary artery; Left anterior de-
scending; Fistula; Swinging aneurysmal sacs

Core tip: (1) Acquire technical and surgical skills; (2) 
Learn the coronary anatomy and its variations; and (3) 
Learn the methodology of for treating coronary anoma-
lies.

Emre E, Aktas M, Sahin T, Ural E, Ural D. Rare multiple fistu-

las with large saccular aneurysms originating from left anterior 
descending artery and left main coronary artery. World J Clin 
Cases 2014; 2(12): 927-929  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i12/927.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.927

INTRODUCTION
Coronary artery fistulas are rare anomalies that open into 
the heart chambers, large vessels and other structures by 
bypassing the myocardial capillary network. Coronary ar-
tery fistula is detected in 1.21%-5.60% of  all patients un-
dergoing coronary angiography[1]. Left main coronary ar-
tery fistula is extremely rare[2]. Not all coronary-pulmonary 
artery fistulas are hemodynamically significant, however 
some may cause myocardial ischemia, myocardial infarc-
tion, congestive heart failure, pulmonary arterial hyperten-
sion, aneurysmal fistula rupture and sudden death[3]. Here 
we present a case with an angiographically documented 
coronary artery fistula that originating from the left main 
coronary artery (LMCA) and dividing into two branches. 
In addition, another fistula that originated from the left 
anterior descending artery (LAD) combined with the 
LMCA fistula and created a new line of  fistula, with large 
saccular coronary sacs, that drained into the pulmonary 
artery. This type of  coronary artery fistula is most rares. 

CASE REPORT
A 49-year-old female patient consulted us for a cardiac 
evaluation before undergoing colon adenocarcinoma sur-
gery. Three years prior, the patient underwent coronary 
angiography for dyspnea. The coronary angiography ex-
amination revealed, a fistula originating from the LMCA 
which could be interpreted as draining into the pulmo-
nary artery. Upon examining the coronary angiography 
in detail, in addition to the LMCA fistula, another fistula 
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emerged from the LAD combined with the LMCA fistula 
and there was an aneurysmal sac swinging on fistula line 
(Figure 1). It was thought that the fistula was draining 
into the pulmonary artery (Figure 2A). Parasternal short 
axis echocardiography revealed a flow that was most 
likely caused by the fistula (Figure 2B). There were no re-
gional wall motion abnormalities or systolic dysfunction. 
Because of  excessive fatigue, the stress test was terminat-
ed at the end of  step 3. The target heart rate and blood 
pressure were reached and there were no arrhythmia or 
ST-T wave changes. After further investigations and eval-
uations were performed, the patient was informed about 
the the possibility of  a cardiac operation. The patient did 
not accept the treatment proposals and further investiga-
tion was not planned. The medical risks were explained 
to the patient and outpatient follow-up was scheduled 
with full oral medical treatment. 

DISCUSSION
Coronary artery fistulas are rare anomalies that open into 
the heart chambers, large vessels and other structures by 
by-passing the myocardial capillary network[1]. The first 
case of  coronary arteriovenous fistula was reported by 
Krause[4] in 1865. Coronary artery fistula is detected in 
1.21%-5.60% of  all patients undergoing coronary an-

giography[5]. A fistula from the coronary arteries to the 
pulmonary artery is observed in 0.1%-0.2% of  coronary 
angiographies[6]. Atotal of  92% of  coronary artery fistu-
las drain into the right heart chambers and 8% drains into 
the left heart chambers. The origins of  the fistulae are 
vary, as follows: right coronary artery (50%-60%), left an-
terior descending artery (25%-42%), both coronary arter-
ies (5%), circumflex artery (18%), diagonal artery (1.9%), 
marginal arteries (0.7%). Left main coronary artery fistula 
is extremely rare[2]. Although coronary artery fistulas are 
often congenital, they may occur after chest trauma, angi-
ography and bypass surgery[7]. 

Coronary artery anomalies often affect hemodynamic 
parameters. Not all coronary-pulmonary artery fistulas 
are hemodynamically significant, However some may 
cause myocardial ischemia, myocardial infarction, conges-
tive heart failure, pulmonary arterial hypertension, aneu-
rysmal fistula rupture and sudden death[3].

Although two-dimensional echocardiography 
(transesophageal echocardiography complements two-
dimensional echocardiography) is valuable in revealing 
the fistula, it is operator dependent and because it does 
not have a good acoustic window, determining the fistula 
location may be insufficient[8].

Until recently, using conventional coronary angiogra-
phy to detect coronary anomalies was the preferred diag-
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Figure 1  A: The fistula emerging from the left main coronary artery is divided into two branches after the fold (arrowhead); B: An angiographic view show-
ing the combination of a small fistula emerging from left anterior descending artery, the fistula from left main coronary artery (arrowhead) and large sac-
cular sacs on the fistula line (arrow).

Figure 2  The passage of the contrast agent formed by the fistula (A), parasternal short axis echocardiography revealed the color flow associated with the 
fistula (B).
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nostic method. However invasiveness, acquisition plane 
images, the lack of  angiographic projection angle and 
concerns about the contrast load limit this method[9]. Mul-
tislice computed tomography (MSCT) can better reveal 
aneurysms, occlusion; as well as the direction of  the fis-
tula and its relationship with the cardiovascular structures 
along the fistula compared with coronary angiography[8]. 
MSCT imaging is the recommended technique for the di-
agnosis and follow up of  coronary artery anomalies[10]. 

The treatment of  asymptomatic patients without sig-
nificant shunts is still a matter of  debate[11]. The presence 
of  ischemic symptoms or a positive stress test, aneurysmal 
dilatation with or without mural thrombus and overload 
of  heart chambers due to excessive blood flow are the 
indications for fistula closure[12]. In the literature, similar 
early efficiency, mortality and morbidity rates are observed 
for both the surgical and transcatheter approaches[13]. 

In this case, although the fistula did not affect the he-
modynamic parameters and the exercise test for ischemia 
was negative and because there was a large thrombosed 
aneurysm sac on the fistula line, transcatheter closure of  
the fistula was considered. The patient did not accept 
any attempt at surgical treatment, thus, further examina-
tion and treatment.could not be performed. The patient 
was discharged with with full oral medical treatment and 
recommendations. The patient has the risk of  sudden 
death due to aneurysmal sac rupture and thromboem-
bolic event due to aneurysm sac thrombus. Because of  
progression in the shunt system, a reduction in functional 
capacity and heart failure may develop. Coronary artery 
fistula is a possibility because of  the degree of  shunt or 
the patient’s symptoms; in addition, aneurysmal sacs and 
thrombus in the fistula line are possible[5,12].
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Abstract
Long-term cannabis use may be associated with attacks 
of severe nausea and vomiting, and a characteristic 
learned behavior of compulsive hot bathing, termed 
cannabinoid hyperemesis syndrome (CHS). Long-term 
follow-up and prognosis of CHS have not been reported 
previously. A 44-year-old Caucasian man with a long 
history of addiction to marijuana presented with chronic 
abdominal pain complicated by attacks of uncontrolla-
ble vomiting for 16 years. He had a compulsion to take 
scalding hot showers, as many as 15 times a day, to 
relieve his symptoms. All previous therapies had been 
ineffective. However, abstinence from marijuana led 
to rapid and complete resolution of all symptoms and 
his compulsive hot showering behavior. He has been 
followed for nine years, and is still doing well without 
recurrence of symptoms. Physicians should have a high 
index of suspicion for this under-recognized condi-
tion, as excellent long-term prognosis of CHS can be 
achieved when abstinence is maintained.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cannabinoids; Hyperemesis; Prognosis; Ab-
dominal pain; Adverse drug effect 

Core tip: Cannabinoid hyperemesis syndrome (CHS) 
can be diagnosed with characteristic clinical features, 
including long-term cannabis use, severe cyclical ab-
dominal pain, nausea and vomiting, and temporary 
relief of symptoms with hot showers or baths. Excel-
lent long-term prognosis of CHS can be achieved when 
abstinence from cannabinoid is maintained. Physicians 
should have a high index of suspicion in patients with 
unexplained chronic abdominal pain and vomiting.

Cha JM, Kozarek RA, Lin OS. Case of cannabinoid hypereme-
sis syndrome with long-term follow-up. World J Clin Cases 
2014; 2(12): 930-933  Available from: URL: http://www.wjg-
net.com/2307-8960/full/v2/i12/930.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.930

INTRODUCTION
According to the World Health Organization, drug abuse 
remains prevalent around the globe, and about 27 million 
individuals worldwide are addicts[1]. Although legal recre-
ational drugs, such as tobacco and alcohol, boast higher 
rates of  consumption, cannabis is the most commonly 
used illegal recreational drug in the world[2,3]. In some 
patients, long-term cannabis use is associated with severe 
episodes of  nausea and vomiting, and a characteristic 
learned behavior of  compulsive hot bathing. So-called 
cannabinoid hyperemesis syndrome (CHS) was first 
described in 2004 by Allen et al[4] and its features were 
confirmed by several other subsequent reports[5,6]. This 
condition may be underdiagnosed because of  relatively 
recent recognition and lack of  awareness. Physicians 
should be vigilant for this unique cluster of  symptoms to 
avoid misdiagnosis even after a protracted, invasive and 
costly workup. Long-term follow-up and prognosis of  
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CHS has not been previously reported, therefore we now 
present a case of  CHS with follow-up of  nine years.

CASE REPORT
A 44-year-old Caucasian man with a long history of  mari-
juana use presented to our clinic with chronic episodic 
abdominal pain complicated by attacks of  uncontrollable 
vomiting for the past 16 years. His abdominal pain cen-
tered in the epigastrium or periumbilical region, occurred 
abruptly without provocation, was often aggravated by 
eating in the morning, and lasted anywhere from three 
hours to two days. Because of  his abdominal pain, his 
weight fluctuated between 50-68 kg. In recent years, all 
his symptoms had increased in intensity and frequency. 
He had a compulsion to take scalding hot showers, as 
many as 15 times a day, to relieve his symptoms. When 
he ran out of  hot water at home, he would drive to his 
mother’s house, his sister’s house, or visit his neighbors, 
even in the middle of  night. Four years prior to his pre-
sentation to us, he had been hospitalized with second 
degree burns on his back because of  the showers. In the 
last few years, he had undergone a massive workup from 
five previous gastroenterologists, and had visited the 
emergency room more than 20 times. He denied tobacco, 
alcohol or illegal drug use, with the exception of  regular 
marijuana use for the past 20 years, consuming at least 
4-8 marijuana doses (“joints”) per day. He had no specific 
family history, except for Crohn’s disease in a cousin. 

His previous gastrointestinal workup had been exten-
sive, including numerous abdominal and pelvic comput-
erized tomographs (CTs), at least two small bowel follow-
through studies, multiple abdominal ultrasounds, and a 
barium swallow and head CT. All were negative. Twenty-
four hour urine porphyrin levels were normal and uri-
nalysis did not show occult blood. Three years ago, he 
underwent upper endoscopy and colonoscopy, which 
were also unremarkable. In the past, treatment attempts 
had been made with psychotropic and neuromodulatory 
medications (including amitriptyline, paroxetine hydro-
chloride, sertraline and tegaserod), dietary manipulation, 
and alternative medical therapies. However, all of  these 
efforts had been ineffective. This condition adversely 
affected all aspects of  his life, including his relationship 
with family, friends and peers, making him unemployable. 
His workup was estimated to have cost tens of  thousands 
of  dollars. 

He was thin with a weight of  50 kg, and his physical 
examination was otherwise unremarkable. His laboratory 
and radiological tests were within normal limits. Blood 
tests showed no abnormalities, including a liver func-
tional panel, amylase and lipase. Stool occult blood tests 
were negative. Repeat abdominal ultrasound and abdo-
men and pelvic CT were normal. A repeat small bowel 
follow-through and capsule endoscopy were performed 
to exclude small bowel Crohn’s disease, as he had a his-
tory of  unexplained perirectal fistulae as well as a distant 
relative with Crohn’s disease. The small bowel follow-
through was negative, but multiple small ulcerations 

scattered throughout the small intestine were noted on 
capsule endoscopy. However, the mucosa did not appear 
to be inflamed, and there were no strictures, masses, or 
signs of  bleeding, therefore the small ulcers were consid-
ered an incidental finding. The gastric emptying time for 
the capsule was only three minutes. A urine toxicology 
screen was done to rule out other recreational drugs, and 
was negative.

He was asked to stop marijuana use because of  the 
concern for CHS. Abstinence led to a dramatic improve-
ment within one week, with complete resolution of  all 
symptoms and compulsive hot showering behaviors. 
Since then, he has gained 20 kg, completed a college de-
gree, found employment, gotten married and started a 
family. We have had 9 years of  follow-up so far, and he 
is still doing well without recurrence of  symptoms. He 
speaks at educational events on the impact of  marijuana 
on his life. 

DISCUSSION
Large, population-based surveys suggest that illicit drug 
use is relatively common in the population, with initial 
use typically starting in mid to late adolescence: cannabi-
noids are the most commonly used illegal substances[7,8]. 
Cannabinoids have also been used for the treatment of  
nausea, vomiting, anorexia and anxiety[5]. Its mechanism 
of  action for inhibiting nausea and vomiting is not pre-
cisely known, but is probably related to stimulation of  
cannabinoid receptors in the brain. Given the nationwide 
increase in cannabinoid use for recreational and medical 
reasons, adverse drug effects associated with cannabinoid 
have become more prominent. 

Chronic use of  cannabinoids in some individuals can 
paradoxically cause severe episodic abdominal pain, nau-
sea and vomiting[4]. Recently, Simonetto proposed clinical 
criteria for CHS[6]: Major diagnostic features include long-
term cannabis use, severe cyclical abdominal pain, nausea 
and vomiting, resolution with cannabis cessation, and 
temporary relief  of  symptoms with hot showers or baths. 
The patient in our case report demonstrated all these fea-
tures; in particular, he indulged in compulsive hot bathing 
behavior during acute attacks, a phenomenon promi-
nently seen in almost all prior reports in the literature[9-14]. 
Supportive diagnostic features include age younger than 
50 years, weight loss of  greater than 5 kg, morning pre-
dominance of  symptoms, normal bowel habits and nega-
tive findings on diagnostic testing. Our case also showed 
all the secondary features, with his social and work life se-
verely affected by CHS. In the past, long-term follow-up 
and prognosis for this condition have not been reported 
because CHS has only recently been recognized and the 
recidivism rate is high in patients who are not determined 
to get better. It should be noted that some patients are 
psychologically addicted to marijuana and exhibit consid-
erable denial when confronted with the possibility that 
marijuana, which has purported anti-nausea properties, 
may be the cause of  their chronic nausea and abdominal 
pain symptoms. Patients who are not determined to get 
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better may have difficulty maintaining abstinence from 
marijuana for long periods of  time. Our case demon-
strates that prolonged abstinence leads to sustainable im-
provements in all symptoms over a period as long as nine 
years. 

The mechanism of  CHS is still unknown. Most can-
nabinoids act through two receptors, CB1 and CB2, 
which reduce anterior pituitary hormone and increase 
corticotrophin release[15]. Disturbances of  the hypotha-
lamic-pituitary-adrenal axis and the presence of  autonom-
ic instability have been proposed as possible mechanisms 
of  CHS[6]. The central effect of  long-term cannabis use is 
thought to be similar to that seen in cyclic vomiting syn-
drome, which is characterized by the increased secretion 
and activation of  corticotrophin-releasing factor[16]. In ad-
dition, relief  of  symptoms with compulsive hot bathing 
might be due to impairment of  physiologic thermoregu-
latory mechanisms by cannabinoids[6], as CB1 receptors 
of  the preoptic area have been reported to be involved in 
the hypothermic effects of  cannabinoids[17,18]. As periph-
eral CB1 receptors in the gastrointestinal tract have also 
been implicated in slowing gastrointestinal transit[19], it is 
suggested that slowed gastric emptying might be respon-
sible for the severe vomiting seen in CHS[4]. However, 
only 30% of  CHS patients had delayed gastric transit, 
with the majority having either normal or increased gas-
tric transit on gastric scintigraphy[6]. 

The diagnosis of  CHS can be made if  there is a high 
index of  suspicion; the pathognomonic feature of  com-
pulsive bathing is particularly useful because this phe-
nomenon is not seen in any other condition. As diagnosis 
of  CHS is based on only clinical criteria[6], laboratory or 
radiological data are not required for its diagnosis except 
to rule out other gastrointestinal conditions. Although 
blood or urine cannabinoid metabolites were not mea-
sured in our case, they may be helpful in ruling out the 
use of  other recreational drugs. The correct diagnosis can 
often prevent an extensive and fruitless medical workup 
and lead to complete resolution of  symptoms once absti-
nence from marijuana is achieved. Therefore, the index 
of  suspicion amongst the medical profession should be 
raised, as this may be only the tip of  the iceberg given the 
increasing use of  marijuana associated with its legaliza-
tion in several American states[1]. 

In conclusion, physicians should have a high index of  
suspicion in patients with unexplained chronic abdominal 
pain and vomiting, because an excellent long-term prog-
nosis of  CHS can be achieved when abstinence is main-
tained. Since the mechanism by which cannabis induces 
hyperemesis is unknown, further research is required in 
patients with CHS.

COMMENTS
Case characteristics
A 44-year-old man with a history of marijuana use presented with chronic ab-
dominal pain complicated by attacks of uncontrolled vomiting for 16 years.  
Differential diagnosis
Cyclic vomiting syndrome or small bowel inflammatory bowel disease.

Laboratory diagnosis
All laboratory findings were unremarkable, including normal 24-h urine porphy-
rin levels and urinalysis. 
Imaging diagnosis
Repeat abdominal ultrasound, abdomen and pelvic computerized tomograph as 
well as small bowel follow-through were all normal. 
Treatment
All previous treatments were ineffective, including psychotropic and neuro-
modulatory medications (amitriptyline, paroxetine hydrochloride, sertraline, and 
tegaserod), dietary manipulation, and alternative medical therapies, however, 
abstinence of marijuana led to a dramatic improvement of all symptoms within 
one week.
Related reports
Cannabinoid hyperemesis syndrome (CHS), which is caused by chronic use 
of cannabis, may be associated with severe episodes of nausea and vomiting, 
and a characteristic learned behavior of compulsive hot bathing. This condition 
may be underdiagnosed because of relatively recent recognition and lack of 
awareness. Physicians should be aware of this unique cluster of symptoms to 
avoid misdiagnosis even after a protracted, invasive and costly workup. 
Term explanation
CHS can be diagnosed based on major clinical features including long-term can-
nabis use, severe cyclical abdominal pain, nausea and vomiting, resolution with 
cannabis cessation, and temporary relief of symptoms with hot showers or baths. 
Experiences and lessons
This case report highlights the excellent prognosis of CHS when abstinence 
from cannabis is maintained. Physicians should have a high index of suspicion 
for this rare condition in patients with unexplained chronic abdominal pain and 
vomiting. This report provides useful information on a rare disease as the cause 
of chronic abdominal pain and vomiting. 
Peer review
This is an interesting case study of cannabinoid hyperemesis syndrome, which 
is characterized by chronic, heavy use of cannabis, recurrent episodes of se-
vere nausea and intractable vomiting, and abdominal pain. Overall, the paper is 
well written.
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Abstract
We report a case of an 11-year-old boy with diagnosed 
but uncorrected tetralogy of Fallot presented to us for 
brain abscess drainage. The child was managed suc-
cessfully with scalp block with sedation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tetralogy of Fallot; Brain abscess; Ket-
amine; Scalp block; Congenital heart disease

Core tip: We present a case report describing the use 
of scalp block combined with sedation for brain abscess 
drainage in a child with uncorrected tetralogy of Fallot. 
The goal should be to maintain hemodynamic stability 
and avoid any increase of a right to left shunt. There-
fore, we decided to perform scalp block combined with 
sedation in this child. We used O2 inhalation, analgesia 
and sedation with fentanyl, midazolam and ketamine to 
alleviate anxiety and increase systemic vascular resis-
tance, pulmonary perfusion and oxygenation.

Sethi S, Kapil S. Scalp block for brain abscess drainage in a 
patient with uncorrected tetralogy of Fallot. World J Clin Cases 
2014; 2(12): 934-937  Available from: URL: http://www.wjg-

net.com/2307-8960/full/v2/i12/934.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.934

INTRODUCTION
Tetralogy of  Fallot (TOF), with an incidence of  10% of  
all congenital heart diseases[1], is the commonest cyanotic 
congenital heart disease[1] and has a dilated aorta which 
overrides the large ventricular septal defect along with 
right ventricular outflow tract (RVOT) obstruction and 
hypertrophy of  right ventricle. RVOT can be valvular, 
infundibular or both[2]. There have been several case re-
ports of  successful management of  TOF presenting for 
brain abscess drainage, cesarean section and major ab-
dominal surgeries[3-5]. We present a case report describing 
the use of  scalp block combined with sedation for brain 
abscess drainage in a child with uncorrected TOF. 

CASE REPORT
An 11-year-old male child weighing 44 kg presented to us 
in the emergency department with a history of  fever up 
to 102 ºF, headache and vomiting for 10 d. The child was 
a known case of  TOF but had not undergone any surgi-
cal repair. His effort tolerance was poor. He had a history 
of  cyanotic spells since childhood but was not on any 
medication. On examination, the child was conscious, 
irritable and crying. The child did not show any signs of  
raised intracranial pressure. Central cyanosis and clubbing 
were present. He had a pulse rate of  76 per minute with 
a blood pressure of  110/60 mmHg. On examination of  
the cardiovascular system, the apex beat was found in 
the left 5th intercostal space in the midclavicular line and 
was associated with a left parasternal heave. 1st and 2nd 
heart sounds and a loud pulmonary component of  the 
2nd heart sound were audible, along with a pansystolic 
murmur (Grade 4/6) at the left lower sternal border. No 
focal deficit was found on neurological examination. The 
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respiratory and gastrointestinal systems were normal on 
examination.

Chest X-ray (Figure 1) showed an enlarged cardiac 
shadow with left ventricular hypertrophy and dilated 
pulmonary arteries. Electrocardiogram (ECG) revealed 
sinus rhythm with right ventricular hypertrophy. Echo-
cardiography (ECHO) showed a large ventricular septal 
defect (VSD) of  13 mm, 60% overriding of  the aorta, 
right ventricular hypertrophy and right ventricular tract 
outflow obstruction and ejection fraction of  0.6. Car-
diac catheterization was not done. Contrast-enhanced 
computed tomography (Figure 2) showed a left tempo-
roparietal abscess with no uncal herniation, along with 
a midline shift of  2 mm. His hematocrit was 58% with 
a platelet count of  105 × 109/L. The child’s serum elec-
trolytes, coagulation studies and renal function tests were 
within normal limits. The baseline Arterial Blood Gas 
analysis  revealed pH 7.419, Po2 35.5 mmHg, Pco2 31.8 
mmHg, HCO3 20.1 mEq/L, SPO2 68.7% and base excess 
-3.3. The child received infective endocarditis prophylaxis 
prior to the surgery, was allowed oral intake of  fluids up 
to 2 h before surgery and normal saline was used as the 
maintenance fluid thereafter in the ward. In the operation 
theater, standard monitoring was done with noninvasive 
blood pressure, pulse oximetry, ECG and temperature. A 
NeoStar™ triple lumen central venous catheter was in situ 
as it was inserted when the child presented to us in the 
emergency department. A 20 G arterial cannula (Becton 
Dickinson Critical Care Systems, Singapore) was inserted 
into the radial artery under local anesthesia. The baseline 
heart rate was 70 beats per minute with an invasive blood 
pressure of  116/68 mmHg and a central venous pressure 
(CVP) of  10 cm of  H2O. The child had 64% SPO2 with 
50% O2 with a Venturi face mask. Normal saline was used 
as maintenance fluid with the dose of  4 mL/kg per hour.

The scalp block was given with 20 mL of  0.75% 
ropivacaine without adrenaline (3-4 mL for each nerve) 
to block the supratrochlear, supraorbital, zygomaticotem-
poral, auriculotemporal, greater and lesser occipital nerve. 
The block was supplemented with fentanyl 20 µg iv, fol-
lowed by ketamine 20 mg iv and midazolam 0.2 mg iv at 
the time of  the burr hole. The child was kept on spon-
taneous respiration throughout the procedure with a 50% 
oxygen and air mixture. At the time of  dural opening, intra-

venous ketamine 20 mg was repeated. Normal saline was ad-
ministered to keep CVP in range of  14-16 cm of  H2O. The 
procedure lasted for 30 min and the intraoperative course 
was uneventful, with maintenance of  hemodynamic pa-
rameters and acid base status within normal limits and a 
SPO2 of  69.5%.

DISCUSSION
For the anesthetic management of  these patients, one 
should be careful about the drugs and events that may 
increase the R-L shunt[6]. The severity of  the disease di-
rectly correlates with the size of  VSD, severity of  pulmo-
nary stenosis and functional status of  the right ventricle[7]. 
Complications of  right to left shunts include chronic 
hypoxia leading to pulmonary vasoconstriction, altered 
acid base status, polycythemia, coagulopathy, infective 
endocarditis and cerebral abscess due to increased risk 
of  paradoxical emboli. The reported incidence of  brain 
abscess in patients with cyanotic heart disease is between 
5% and 18.7%[8]. 

Anesthetic management of  these patients is always a 
challenge for the anesthetists because of  the cardiopul-
monary and coagulation abnormalities, dehydration and 
electrolyte imbalance, along with abscess-induced com-
plications of  seizures, meningitis and raised intracranial 
pressure[4].

General anesthesia with controlled ventilation has the 
advantage of  better oxygenation but can be associated 
with the risk of  hemodynamic instability, along with com-
pression of  pulmonary vessels, impaired gas exchange 
and academia[9].

Most of  the agents used for induction and mainte-
nance of  general anesthesia may also lead to myocardial 
depression, along with reduction of  SVR.

The goal should be to maintain hemodynamic stabil-
ity and avoid the changes that would increase the right to 
left shunt. Therefore, we decided to perform scalp block 
combined with sedation in this child.

Factors such as thorough preoperative examination, 
ECHO, treatment of  any chest infections, cardiologist 
consultation, documentation of  preoperative cardiac and 
neurological status and correction of  any coagulopathy 
were necessary and taken care of  in our child. 
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Figure 1  Chest X-ray of the patient showing enlarged cardiac silhouette. Figure 2  Contrast-enhanced computed tomography of the patient show-
ing left temporoparietal abscess.



Prolonged fasting is better avoided in these patients 
and intake of  clear fluids up to two hours prior to the 
surgery should be allowed. We followed the same guide-
lines in our patient with normal saline as a maintenance 
fluid in the ward. Prevention of  dehydration is also im-
portant as these patients have an increased hematocrit. 
Patients with a hematocrit ≥ 60% are susceptible to 
develop coagulopathy and preoperative phlebotomy is 
beneficial in such cases. Our child had a hematocrit of  
58% and preoperative phlebotomy was not performed as 
it was an emergency procedure, but adequate precautions 
to prevent dehydration and liberal fluid administration 
were done to keep the CVP in the range of  14-16 cm of  
H2O. Fluid boluses of  20 mL/kg may be required to in-
crease the blood pressure and RV preload[10].

Air bubbles are also a preventable cause of  periop-
erative morbidity in patients with shunting as air or par-
ticulate matter may be shunted directly into the arterial 
bed[11,12] and we took measures to prevent this.

We used O2 inhalation, analgesia and sedation with 
fentanyl, midazolam and ketamine to alleviate anxiety 
and increase SVR, pulmonary perfusion and oxygenation. 
Although O2 inhalation, fentanyl and midazolam can-
not increase SVR, they avoid increasing PVR. Ketamine 
may increase SVR at some level or more importantly can 
prevent lowering of  SVR and it helped our patient by de-
creasing the left to right shunt.

Ketamine has also been shown to be better in chil-
dren with pulmonary hypertension[13,14] although this is 
not the cause of  cyanosis in these patients but it is the fall 
in SVR leading to left-right shunt which causes hypoxia. 
In one study of  18 neonates who had complex cardiac 
defects, ketamine was used most commonly when intu-
bation was not required for surgery[15]. Anesthetic agents 
like sevoflurane, isoflurane and fentanyl/midazolam in-
fusions have no effect on the shunt fraction of  children 
with shunts[16-18].

Scalp block is a well-established technique for craniot-
omy, increasingly being used for epilepsy surgery, tempo-
ral lobectomy where the excision encroaches on eloquent 
cortex areas[19]. 

Scalp block may be given preoperatively to reduce 
the hemodynamic response to pin holder application and 
postoperatively before the emergence to decrease the se-
verity of  postoperative pain. They also decrease intra and 
postoperative opioid requirement[20,21].

We used 0.75% ropivacaine without adrenaline for 
administering scalp block as the addition of  adrenaline 
may cause tachycardia which is very dangerous in patients 
with uncorrected TOF because it may cause infundibular 
spasm and a cyanotic spell. 

Scalp block along with sedation is being used success-
fully in our institute for patients with chronic subdural 
hemorrhage. Since the patient we encountered had to un-
dergo an emergency procedure with no time for cardiac 
catheterization and medical optimization of  the patient, 
we decided to proceed with regional anesthesia with se-
dation and invasive monitoring in the patient.

The avoidance of  general anesthesia due to medical 

reasons in selected patients and with the thorough ana-
tomical knowledge of  nerve blocks, this underestimated 
regional technique of  scalp block with sedation may be 
considered as an alternative technique in selective patients 
with unrepaired TOF and has proved to be an extremely 
rewarding procedure for the neuroanesthetist whilst of-
fering the best possible outcome for the patient. 

COMMENTS
Case characteristics
An 11-year-old male, a known case of tetralogy of Fallot (TOF), presented with 
fever (up to 102 ºF), headache and vomiting for the past 10 d.
Clinical diagnosis
On examination, the child had central cyanosis, clubbing, loud P2 and grade IV 
pansystolic murmur but there were no signs of raised intracranial pressure and 
no neurological focal deficit.
Differential diagnosis
A known case of TOF who had not undergone any surgical repair and present-
ed with brain abscess.
Laboratory diagnosis
The patient had a high hematocrit with a normal coagulation profile. The base-
line Arterial Blood Gas analysis revealed pH 7.419, Po2 35.5 mmHg, Pco2 31.8 
mmHg, HCO3 20.1 mEq/L, SPO2 68.7% and BE -3.3.
Imaging diagnosis
Echocardiography revealed a large ventricular septal defect of 13 mm, 60% 
overriding of aorta, right ventricular tract outflow obstruction and ejection fraction 
of 0.6, while contrast-enhanced computed tomography (Figure 2) showed a left 
temporoparietal abscess with no uncal herniation and a midline shift of 2 mm.
Pathological diagnosis
The patient was diagnosed as a brain abscess with uncorrected TOF.
Treatment
Child was not on any medication and presented to us in the emergency depart-
ment. The child received infective endocarditis prophylaxis prior to the surgery.
Experiences and lessons
Uncorrected TOF presents as a challenge to anesthetists and a thorough 
knowledge about the physiological and pathological changes occurring with the 
disease is essential for the safe management of the patient in the perioperative 
period. Regional anaesthesia should be considered as an alternative to general 
anesthesia when feasible.
Peer review
A good paper that can be accepted.
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Abstract
The authors have presented a technique of full occlusal 
rehabilitation in a case of severe dental fluorosis. In 
this technique, maxillary and mandibular anterior teeth 
were simultaneously prepared and restored first. This 
was followed by simultaneous preparation of maxillary 
and mandibular posterior teeth that were restored in 
canine guided occlusion. The technique and sequence 
followed here is unique and is not available in dental 
literature. This technique reduces number of appoint-
ments while fulfilling all objectives. Periodontal follow-
up over 3 years was satisfactory. A restorative treat-
ment protocol has been devised for fluorosis which will 
act as a guide for the dental practitioners.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Occlusal rehabilitation; Dental fluorosis; 
Treatment protocol; Restorative management; Occlusal 

plane

Core tip: A novel technique of full occlusal rehabilita-
tion is illustrated here. It is a simple procedure which 
adheres to all the principles of occlusal rehabilitation. 
Rehabilitation of dental fluorosis using the treatment 
protocol suggested here will systematize and streamline 
the clinical technique and it is hoped that this approach 
will benefit the patients and act as a guide for dentists. 
Although the technique described here is skill sensitive, 
it is the author’s belief that it is a new paradigm in full 
mouth occlusal rehabilitation.

Joshi N, Palaskar J, Joshi M, Kathariya R. Complete oral reha-
bilitation in a case with severe dental fluorosis. World J Clin 
Cases 2014; 2(12): 938-942  Available from: URL: http://www.
wjgnet.com/2307-8960/full/v2/i12/938.htm  DOI: http://dx.doi.
org/10.12998/wjcc.v2.i12.938

INTRODUCTION
There are hardly any documented cases in dental lit-
erature where dental fluorosis is treated by full occlusal 
rehabilitation. Restoration of  dentitions affected by den-
tal fluorosis is a challenging prospect. The presence of  
dental hypoplasia, the severity of  discoloration, associ-
ated symptoms like hypersensitivity and attrition makes 
treatment planning extremely critical. The majority of  
fluorosis patients usually have mild to moderate fluoro-
sis[1,2] wherein the main symptoms are discoloration and/
or very mild hypoplasia[3,4]. These may be managed by 
simple restorative procedures like bleaching or compos-
ite filling. Some patients have moderate fluorosis which 
requires veneers or an occasional crown[5-8]. Very rarely, 
patients with severe fluorosis require full occlusal reha-
bilitation. The protocol for treatment of  dental fluorosis 
has been formulated in this article.

CASE REPORT
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This article documents a case of  severe dental fluoro-
sis with intraoral findings such as severe attrition, anterior 
open bite and unilateral cross bite, which was treated by 
full occlusal rehabilitation. Novel clinical and technical 
modifications were employed which may help to simplify 
the procedure of  full occlusal rehabilitation.

CASE REPORT
A 28-year male patient reported to the Department of  
Prosthodontics, with a chief  complaint of  inability to 
chew food and discoloration of  teeth. A detailed per-
sonal history revealed that the patient belonged to one 
of  the fluoride belts of  India. Clinical findings included 
protruded mandible, concave facial profile, severe dental 
fluorosis (Level 4 on Dean’s Modified Index)[9], maxillary 
midline not coinciding with mandibular midline, anterior 
open bite, unilateral crossbite with a few centric stops on 
left side, generalized severe attrition of  teeth with mod-
erate sensitivity (Figure 1). However, there was no loss 
of  vertical dimension which could be attributed to pas-
sive eruption to compensate for the attrition. Diagnostic 
impressions were made using irreversible hydrocolloid 
(Zelgan 2002, Dentsply, India) and casts poured using 
dental stone (Kalabhai Karson Pvt. Ltd., India). Face 
bow (Hanau Springbow, Waterpik Technologies, United 
States) transfer was done and the casts were mounted us-
ing a centric relation record on a semi-adjustable articula-
tor (Hanau H2, Whip Mix Corp, United States). All the 
clinical findings were confirmed by diagnostic mounting 
of  the casts. Diagnostic wax up was done based on find-
ings of  clinical examination, diagnostic mounting and 
diagnostic wax up. Full occlusal rehabilitation using cera-
mometal crowns [Meta Cast (V), United States], without 
changing the vertical dimension at occlusion, was decided 
as the treatment of  choice. The limitations of  this treat-
ment option viz., inability to coincide the maxillary and 
mandibular midline, inability to improve the facial profile 
and persistence of  crossbite on left side were explained 
to the patient and his approval was obtained for the treat-
ment plan. Maxillary and mandibular anterior teeth were 
prepared simultaneously to receive individual ceramo-
metal crowns. Impressions were made using Vinyl Poly-
siloxane (GC America Inc, Made in Japan) by the putty-

wash technique[10]. Individual temporary crowns (DPI, 
India) were fabricated using the indirect technique[11] 
and were used to establish the anterior guidance in the 
patient’s mouth in such a way that anterior temporaries 
provided canine guided occlusion. This was transferred 
to the semi-adjustable articulator and a custom incisal 
table was fabricated. The anterior metal try-in was carried 
out and ceramic (Vita VMK 95, Germany) build up was 
done according to the anterior guidance obtained from 
the patient. These definitive anterior restorations were 
seated in the patient’s mouth, the canine guided occlu-
sion verified and finally the anterior individual crowns 
were cemented using glass ionomer luting cement (Ketac 
Cem, 3M ESPE, Germany). The maxillary and mandibu-
lar midlines got close but could not be coincided. In the 
next phase of  treatment, all the posterior teeth (maxillary 
and mandibular) were prepared simultaneously in a single 
appointment and a centric relation record was obtained. 
Impressions were made and master casts poured using 
die stone (Kalrock, Kalabhai Karson Pvt Ltd, India). 
The casts obtained were mounted on the semi-adjustable 
articulator. The horizontal and lateral condylar guidances 
were set arbitrarily at 20o and 15o respectively[12]. The 
metal copings were fabricated and tried in the patient. 
Before the ceramic build up was started, the occlusal 
plane had to be established. This was set at the midpoint 
between the prepared maxillary and mandibular posterior 
teeth. After ceramic build up, the definitive restorations 
were tried in the patient, harmony of  centric relation and 
centric occlusion was verified (Figure 2), canine guided 
occlusion was confirmed and the restorations were ce-
mented. 

Follow up
Follow up of  the restorations and surrounding tissues 
was done for 3 years. Gingival and Periodontal compo-
nent of  Periodontal Disease Index (PDI)[13] and Plaque 
component of  PDI (Shick and Ash modification) was 
recorded at the beginning of  treatment, every 3 mo for 1 
year post treatment and every 6 mo for next 2 years (Fig-
ure 3). The Gingival and Periodontal component of  PDI 
score before treatment was 2, in the first year post treat-
ment it was 1 and for the next two years it was 0. Plaque 
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Figure 1  Baseline pre-treatment intraoral photograph. Figure 2  Centric relation and centric occlusion was verified in a semi ad-
justable Hanau articulator.



component of  PDI score before treatment was 2 and for 
the next three years it was 1. This indicated high compli-
ance of  oral hygiene instructions post-treatment by the 
patient and successful integration of  the restorations in 
harmony with the periodontal apparatus. The patient 
expressed satisfaction with treatment and esthetics and 
restorations were sound and asymptomatic (no sensitiv-
ity to heat or cold, no pain/tenderness) at the follow-up 
visits. This three year follow up has reinforced that the 
treatment plan was sound and objectives of  full occlusal 
rehabilitation were fulfilled while addressing all the pre-
treatment problems of  the patient.

DISCUSSION
Dental fluorosis is seldom so severe[14-16] as to warrant 
full occlusal rehabilitation. In addition, complexities such 
as unilateral cross bite on left side, minimum occlusal 
contacts on right side, anterior open bite (as found in the 
present case) makes the prosthetic rehabilitation of  such 
a patient challenging. Every attempt was made in this 
case to provide the best possible functional and aesthetic 
rehabilitation of  the patient.

The dentition in full occlusal rehabilitation cases are 
restored variously following different principles and phi-

losophies. The canine guided occlusion is the favoured 
occlusal scheme, most often adopted in full occlusal 
rehabilitation[17-24]. In this technique, the posterior teeth 
contact only in centric relation, the incisors are the only 
teeth contacting in protrusion and the canines are the 
only teeth contacting in mandibular lateral movements. 
In this patient, the canine guided occlusal scheme was 
implemented. 

In canine guided occlusion the orientation and location 
of  occlusal plane is not critical as long as it allows the anteri-
or guidance to do its job. In this case, the occlusal plane was 
planned to be located midway between the prepared poste-
rior teeth. This concept was relatively easy to apply as both 
the maxillary and mandibular posteriors were prepared at the 
same time and made the technician’s job much easier. Since 
the technician received both maxillary and mandibular 
final casts with prepared posterior teeth, it was easier for 
her to establish proper contours and height of  opposing 
restorations making optimum use of  the available space. 
This technique is especially advantageous in cases of  full 
occlusal rehabilitation restored using canine guided occlu-
sion. In the present case, a technique has been attempted 
which simplifies the clinical and laboratory procedures 
of  full occlusal rehabilitation while fulfilling all its objec-
tives[12,25].
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Figure 3  Follow up of the restorations and surrounding tissues. A: One year post-treatment intraoral photograph; B: Two year post-treatment intraoral photo-
graph; C: Three years post-treatment extra oral photograph.

A B C

  Modified dean’s fluorosis index score Clinical findings Suggested treatment options

  Normal (0) Enamel represents usual transparency, semi-vitriform 
type of structure. The surface appears smooth, glossy and 

usually of a pale, creamy white colour

No treatment

  Questionable (0.5) Few flecks to occasional white spots No treatment/bleaching
  Very Mild (1) Small, opaque, paper white areas scattered over < 25% of 

the tooth surface
No treatment /bleaching

  Mild (2) White opaque areas in enamel of the teeth are more 
extensive, but do not involve as much as 50% of the tooth

Bleaching/composite restoration

  Moderate (3) All enamel surfaces of the teeth are affected and surfaces 
subject to attrition show wear. Brown stain is frequently a 

disfiguring feature

If discolorations accompanied by wear: Full coverage
If only discoloration without any wear:
  1 Bleaching or
  2 Veneers (Direct or indirect) or
  3 Bleaching followed by Veneers (Direct or indirect)

  Severe (4) All enamel surfaces affected, severe hypoplasia, discrete or 
confluent pitting. Brown stains are widespread and teeth 

often present a corroded-like appearance

Full coverage

Table 1  Restorative treatment protocol for dental fluorosis of varied severity
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The restorative procedures were divided into two 
components: anterior segment restoration followed by 
posterior segment restoration. The maxillary and mandib-
ular anterior restorations were fabricated at the same time. 
Establishing the anterior guidance was also easier. Any 
adjustments and trimming could be done easily. When 
the posterior restorations were fabricated, developing the 
occlusal plane was greatly simplified as both the maxillary 
and mandibular segments were simultaneously prepared. 
The occlusal level was then set at the midpoint between 
the prepared maxillary and mandibular posterior teeth on 
the articulated casts. 

Some occlusal rehabilitation philosophies recommend 
the restoration of  posterior teeth prior to that of  anterior 
teeth (e.g., Hobo Twin-Stage procedure[26] -Conditions 1 
and 2). Other philosophies of  full occlusal rehabilitation, 
including the Panky-Mann-Schyuler concept modified 
by Dawson[12] recommend the sequential restoration of  
mandibular anterior segment, maxillary anterior segment, 
mandibular posterior and finally the maxillary posterior 
segment. The approach discussed in this article is unlike 
any other philosophies of  full occlusal rehabilitation, is 
simple, requires least number of  appointments, is unique 
and novel, and yet it fulfils all the requirements of  full oc-
clusal rehabilitation. 

Hence clinical work is greatly simplified and patient 
appointments are limited to just 6 as follows: Appoint-
ment 1: Diagnostic impression, face bow transfer. Ap-
pointment 2: Preparation of  maxillary and mandibular 
anterior teeth, impressions, temporization of  anteriors. 
Appointment 3: Anterior metal try-in. Appointment 4: 
Cementation of  anterior ceramometal crowns, selective 
grinding, finishing, polishing; preparation of  all posterior 
teeth; impressions, face bow transfer, temporization of  all 
posterior teeth. Appointment 5: Metal try-in of  posterior 
restorations; Appointment 6: Cementation of  posterior 
ceramometal crowns selective grinding, finishing, and 
polishing. Appointment 4 may be split into two depend-
ing on convenience of  operator and/or patient. 

Depending on the Modified Dean’s Fluorosis Index[9] 
which is the gold standard for quantifying dental fluoro-
sis, a treatment protocol is herewith suggested (Table 1) 
which is meant as a guide; the operator may follow any 
treatment modality given in the protocol depending upon 
the skill-philosophy-convenience-preference.

The technique of  full occlusal rehabilitation illus-
trated here simplifies the procedures while adhering to all 
its principles. Rehabilitation of  dental fluorosis using the 
treatment protocol suggested here will systematize and 
streamline the clinical procedure and it is hoped that this 
approach will benefit the patient and act as a guideline for 
dentists.

COMMENTS
Case characteristics
This is a report of a case of severely discolored teeth, secondary to dental 
fluorosis; with generalized sensitivity, inability to chew food from both sides and 
deformed esthetics due to anterior open bite. 

Clinical diagnosis
The patient had a concave facial profile with severe dental fluorosis (level 4 on 
Dean’s Modified Index), with prognathic mandible, maxillary midline not coinciding 
with mandibular midline, anterior open bite, unilateral cross bite with a few centric 
stops on left side, and severe generalized attrition with moderate sensitivity.
Differential diagnosis
The differential diagnosis can be hypoplasia secondary to trauma to the teeth 
and jaws, any infections during pregnancy or infancy, poor pre-natal and post-
natal nutrition, hypoxia, exposure to toxic chemicals and a variety of hereditary 
disorders, irregular vitamin D metabolism (vitamin D-resistant rickets) or chronic 
kidney failure at the time of tooth development.
Laboratory diagnosis
The tests included intra oral periapical and extra oral panoramic radiographs, 
diagnostic model mounting, pulp vitality testing of all teeth that confirmed the 
clinical findings of permanent hypoplastic teeth with sensitivity that were severely 
attrided and in malocclusion.
Imaging diagnosis
Imaging techniques used were orthopantomograph and intraoral periapical radio-
graphs which showed generalized hypoplastic teeth, malocclusion, and anterior 
open bite.
Treatment
The treatment given was a full mouth rehabilitation using a specialized, simplified 
technique which is novel.  
Term explanation 
All terms are standard and established which have been used empirically.
Experiences and lessons
The approach to a full mouth rehabilitation case has to be holistic, patient spe-
cific and should fulfill all the criteria of scientific treatment protocol.
Peer review
This is an interesting and well written article. Methods are appropriate. Results 
are clearly presented. Discussion and Conclusions are really interesting.
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