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3D reconstructed image of the same lesion showing a polypoid mass 
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Abstract
Computed tomography (CT) plays an important role 
in the management of colorectal cancer (CRC). The 
use of CT (colonography) as a screening tool for CRC 
has been validated and is expected to rise over time. 
The results of prior studies suggest that CT is subopti-
mal for assessment of local T stage and moderate for 
N stage disease. Recent advances in CT technology 
are expected to lead to some improvement in stag-
ing accuracy. At present, the main role of CT in pre-
treatment imaging assessment lies in its use for the 
detection of distant metastases, especially in the liver. 
In a select group of patients, routine post-treatment 
surveillance with CT confers survival benefits. The role 
of CT for post-treatment assessment has been radi-
cally altered and improved with the advent of fusion 
positron emission tomography/CT. Perfusion CT shows 
promise as another functional imaging modality but 
further experience with this technique is necessary be-
fore it can be applied to routine clinical practice. 

© 2010 Baishideng. All rights reserved.

Key words: Computed tomography; Perfusion; Posi-
tron emission tomography; Rectal cancer
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INTRODUCTION
The majority of  patients suffering from colorectal cancer 
(CRC) are over 50 years of  age, with a relatively equal 
gender incidence[1]. Recent declines in CRC incidence 
and mortality are attributable to reduced risk factor 
exposure, early detection and prevention through pol-
ypectomy, and improved treatment[2]. Despite this, CRC 
remains the third commonest adult cancer with approxi-
mately 1 in 19 adults diagnosed with CRC during their 
lifetime[1].

Imaging plays an important role in screening for 
CRC. According to the current American Cancer So-
ciety guidelines for CRC screening, 5-yearly computed 
tomography (CT) colonography (CTC) is recommended 
for asymptomatic patients with average risk[3]. In patients 
with known CRC, CT plays an important role in both 
pretreatment staging of  disease, as well as assessing for 
response to treatment. Traditionally, this has been done 
by anatomical imaging assessment on CT. Advances in 
technology have further increased the role of  CT, by 
facilitating functional imaging with positron emission 
tomography (PET) and perfusion studies.

World Journal of 
RadiologyW J R

Online Submissions: http://www.wjgnet.com/1949-8470office
wjr@wjgnet.com
doi:10.4329/wjr.v2.i5.151

World J Radiol 2010 May 28; 2(5): 151-158
ISSN 1949-8470 (online)

© 2010 Baishideng. All rights reserved.

151 May 28, 2010|Volume 2|Issue 5|WJR|www.wjgnet.com



ANATOMICAL IMAGING BY CT
Screening
Although elevated serum carcinoembryonic antigen 
(CEA) levels are often present in CRC, they are neither 
sensitive nor specific enough to be used as a screening 
tool for asymptomatic patients[4]. CTC (otherwise known 
as virtual colonoscopy) allows a minimally invasive 
imaging examination of  the entire colon and rectum. 

Compared to optical colonoscopy, the risk for colonic 

perforation during screening is extremely low, being 
0.005%[5] for asymptomatic patients and up to 0.06% for 
symptomatic patients[6], Use of  carbon dioxide with an 
insufflator that regulates pressure rather than room air 
for gas insufflation of  the colon may further reduce the 
incidence of  perforation[5]. 

In CTC, high resolution image acquisition of  the en-
tire large intestine in a single breath hold is permitted by 
the use of  multi-row detector CT. Integrated 3D and 2D 
analysis with specialised post-processing software allows 
for ease of  polyp detection, characterization of  lesions 
and location. For optimal assessment, adequate bowel 
preparation and gaseous distension of  the colon are es-
sential. Newer techniques such as faecal tagging reduce 
the need for vigorous bowel preparation[7] and decreases 

false positives from the presence of  adherent faecal mat-
ter. In contrast with optical colonoscopy, extracolonic 
structures are also evaluated in the same examination. 
Hellström et al[8] showed that potentially important extra-
colonic findings, such as lymphadenopathy, aortic aneu-
rysms and solid hepatic and renal masses, were present 
in 23% of  patients.

The American College of  Radiology Imaging Net-
work National CT Colonography Trial, which included 
2500 patients across 15 institutions in the United States, 
has shown comparable accuracy between CTC and stan-
dard colonoscopy. Pickhardt et al[9] reported a sensitivity 
of  89% for adenomas greater than 5 mm. For invasive 
CRC, the pooled CTC sensitivity was higher at 96%. As 
with other screening techniques, CTC accuracy improves 
with lesion size. All patients with one or more polyps 
larger than 10 mm or 3 or more polyps larger than 6 

mm should be referred for colonoscopy[10]. However, the 
management of  patients with fewer polyps (fewer than 
three) in which the largest polyp is 6 to 9 mm or smaller 
remains controversial at present[11,12]. 

For patients with suspected CRC, the diagnostic ac-
curacies of  contrast-enhanced CTC were even better. 
Using the tumour, node, and metastasis system, rates 
of  95%, 85%, and 100% were achieved. The sensitivity 
of  both CTC and optical colonoscopy for cancer detec-
tion were both 100%, while the overall sensitivity of  CT 
colonography was even higher than initial colonoscopy 
for polyp detection (90% vs 78%, P = 0.001, Figure 1)[13]. 

The main drawback of  CTC is radiation exposure. A 
single CTC study results in an estimated organ dose to 
the colon of  7 to 13 mSv, which is an additional 0.044% 
to the lifetime risk of  colon cancer[14]. More efficient low-
dose protocols (estimated organ dose ranges of  5 to  
8 mSv) have been shown to be feasible with encouraging 
results[15].

Pre-treatment staging
Preoperative CT is typically performed for the following 
indications: (1) suspected haematogenous or distal nodal 
(e.g. paraaortic) metastases; (2) suspected invasion into 
adjacent organs or abscess formation; (3) unexplained 
or atypical symptoms; and (4) unusual histologic results. 
The major goal of  CT is to determine if  there is direct 
invasion of  adjacent organs, enlargement of  local nodes, 
or evidence of  distant metastases[16]. 

On CT, CRC commonly manifests as focal thicken-
ing of  the bowel wall and luminal narrowing; hence 
adequate distension of  the bowel is crucial for accurate 
assessment. CT has a role in the detection of  potential 
complications, such as perforation, fistulation and intus-
susceptions, which may require early surgical interven-
tion.

The clinical use of  CT for local tumour (T) staging 
of  rectal cancer is limited, with a reported accuracy of  
around 70%[17]. This is attributable to the lack of  attenua-
tion differences between tumour and normal visceral soft 
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B

A

Figure 1  73-year-old female. Faecal occult blood positive. Sigmoidoscopy was 
normal. A: Source axial computed tomography (CT) image from CT colonography 
study in the prone position demonstrates focal thickening (arrow) along a haustral 
fold in the proximal colon. Note the presence of contrast tagged faecal material 
coating the lesion; B: 3D reconstructed image of the same lesion showing a 
polypoid mass (arrow) arising from the haustral fold. Biopsy was positive for 
adenocarcinoma and the patient underwent curative right hemicolectomy.

Tan CH et al . CT of colorectal cancer



tissue. In a study by O’Neil looking at patients with rectal 
cancer, CT consistently overestimated tumour volume 
and underestimated distance from the anal verge com-
pared to magnetic resonance imaging (MRI)[18]. CT is also 
poor for the assessment of  levator ani invasion in low 
rectal lesions, although it may assess the more proximal 
lesions with reasonable accuracy[19] (Figure 2). Similarly, 
for the more proximal large bowel, CT fares subopti-
mally, with a sensitivity and specificity rate of  60% and 
67%, respectively, for the detection of  extramural spread 
of  tumour[20]. This is largely due to failure to detect mi-
croscopic disease.

CT can be considered to be more efficacious for 
nodal and metastases (N and M) staging than for T stag-
ing. A large meta-analysis by Bipat et al[21] that included 
90 studies showed similar accuracies between ultrasound, 
CT and MRI for the assessment of  nodal involvement 
by rectal cancer. In a study of  137 patients, Valls et al[22] 

showed good accuracy (85.1%), high positive predictive 
value (96.1%) and low positive predictive value (3.9%) 
of  CT for the detection of  liver metastases. For the 
detection of  CRC metastases, CT imaging in the portal 
venous phase is the technique of  choice. The addition 
of  hepatic arterial phase imaging has been shown not to 
increase sensitivity, even though it improves the specific-

ity in diagnosing liver metastases in a small number of  
cases[23]. 

At present, the optimal imaging strategy for the pre-
treatment distant staging of  CRC remains controversial. 
For instance, chest CT often detects indeterminate lung 
lesions, of  which only a small proportion develop into 
definite metastases[24]. Similarly, in rectal cancer, where 
pelvic MRI has already been performed, CT of  the ab-
domen and pelvis will not provide additional value[25]. 
Therefore, further studies are required to define optimal 
preoperative imaging.

Other than the liver, the peritoneum is a major site 
for metastatic disease (Figure 3). The presence of  peri-
toneal metastasis predicts for a higher local recurrence 
rate[26]. Furthermore, the Peritoneal Cancer Index, an as-
sessment of  the tumour burden attributed to peritoneal 
disease, has been recognized as an independent prog-
nostic indicator for long-term outcomes. The role of  CT 
in the detection of  peritoneal carcinomatosis is limited 
for small metastases. In the study by de Bree et al[27], CT 
detection of  peritoneal metastases was only moderate 
(ranging from 9% for subcentimeter lesions to 66% 
for lesions larger than 5 cm) with significant interob-
server differences. A more recent study by Koh et al[28]  
echoed these findings, with a sensitivity of  11% for le-
sions smaller than 0.5 cm contrasting with 94% for le-
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Figure 2  53-year-old male patient. Presented with lower gastrointestinal 
bleeding. Endoscopy revealed a fungating mass in the proximal rectum, prevent-
ing passage of the scope more proximally. A: Coronal reconstructed contrast-
enhanced CT image reveals a spiculated mass at the rectosigmoid junction 
with a spiculated extraserosal nodular component (arrow); B: Corresponding T2 
weighted high resolution magnetic resonance image in the axial plane confirms 
the findings of extraserosal extension of disease (arrow). The patient was referred 
for assessment of suitability for neoadjuvant chemoradiation treatment. 

B
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Figure 3  64-year-old male with metastatic adenocarcinoma of the colon. 
A: Surveillance axial contrast-enhanced CT image shows a metastatic deposit 
in the right rectus abdominis muscle (arrow); B: A second metastatic lesion is 
present in the left paracolic gutter (arrow). The high spatial resolution of CT and 
the contrast with the adjacent fat allows for easy detection of metastatic disease 
in these areas. 
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sions larger than 5 cm, significantly underestimating the 
Peritoneal Cancer Index. 

Post-treatment assessment
For routine surveillance, the American Society of  Clinical 
Oncology currently recommends CEA assays every 3 mo 
for the first 3 years, CT scan of  the chest, abdomen and 
pelvis annually for the first 3 years and colonoscopy at  
3 years in patients with stage 2 and stage 3 CRC[29]. 

Local disease recurrence is evidenced on CT by the 
serial progression of  a mass, its nodular configuration 
and invasion of  adjacent structures[30]. However, CT can-
not reliably differentiate tumour from post-treatment 
scar formation. For both local and nodal assessment of  
rectal cancer after neoadjuvant chemoradiation therapy, 
CT may not be able to reliably predict pathological re-
sponse, and has a tendency to overstage disease. The 
study by Huh et al[31] looked at 80 rectal cancer patients 
following neoadjuvant chemoradiation therapy. It was 
found that the overall accuracy of  CT for restaging the 
depth of  tumour invasion and lymph node metastasis 
were 46.3% and 70.4%, respectively, while complete 
pathology-proved remission (11 patients) could not be 
correctly predicted. 

Nevertheless, for the diagnosis of  recurrent hepatic 
metastases, CT has already been shown to be more help-
ful than laboratory studies (liver function tests, measure-
ment of  CEA level)[32]. Specifically, there is a 25% lower 
mortality in patients undergoing liver imaging compared 
with nonimaging strategies[29]. This is further supported 
by the study of  530 patients conducted by Chau et al[33], 
in which routine post-treatment surveillance with CT and 
CEA levels in asymptomatic patients were shown to con-
fer a median survival advantage of  13.8 mo over patients 
who were symptomatic. The reader should note however, 
given the increased costs, use of  routine CT surveillance 
in these patients is only justified for those who are surgi-
cally fit to undergo metastasectomy. Therefore, CT cur-
rently still plays an important role in the postoperative 
surveillance of  CRC. 

FUNCTIONAL IMAGING BY CT
PET/CT 
18Fluoro-deoxyglucose is the most widely used substrate 
for PET imaging. Fusion PET/CT combines the func-
tional evaluation by PET with the anatomic detail pro-
vided by CT (Figures 4 and 5). PET/CT is increasingly 
shown to be superior to the other imaging modalities in 
demonstrating recurrent disease activity and has become 
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Figure 4  81-year-old male undergoing positron emission tomography (PET)/
CT for restaging of diffuse large B cell lymphoma involving the duodenum. 
A: Axial non-contrast CT of the rectum showing an incidental subtle soft tissue 
density polypoid mass (arrow) in the right posterior lateral wall; B: This corre-
sponded to a focal area of hypermetabolic activity (arrow), as demonstrated on 
fusion PET/CT. Biopsy returned as tubulovillous adenoma. This was excised. 
Smaller focus of increased tracer activity in keeping with normal physiologic 
excretion in the urine within the prostatic urethra (arrowhead). 
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Figure 5  66-year-old Chinese male with adenocarcinoma of the rectum (not 
shown). A: Post-operative axial non-contrast CT component of a surveillance 
PET/CT study showing a soft tissue mass (arrow) abutting the sigmoid colon; B: 
Corresponding fusion PET/CT image of the lesion (arrow) demonstrates intense 
hypermetabolic activity consistent with tumour recurrence. (Case courtesy of 
Dr. Eik Hock Tan, Singapore).
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an integral part of  the surveillance strategy for CRC. It 
has the potential to replace CT as the first-line diagnostic 
tool for restaging patients for recurrent CRC[34]. In one 
study, PET/CT revealed unsuspected disease and modi-
fied the scope of  surgery in around 10% of  patients[35]. 
In another study, FDG PET/CT altered treatment plans 
in 38% of  patients largely through the detection of  un-
suspected lymphadenopathy[36]. For local disease, PET/
CT can improve preoperative target volume delineation 
by CT for conformal radiation therapy in rectal cancer[37]. 
Preoperative PET/CT colonography may yield valuable 
information on the presence of  synchronous tumors and 
for surgical planning[38].

However, by far the greatest value of  PET/CT in the 
management of  CRC lies in its ability for whole body 
lesion detection. In one study, PET/CT showed high 
accuracy for the detection of  liver metastases, with a re-
ported accuracy of  up to 99%, sensitivity up to 100% and 
specificity up to 98%[39]. In the meta-analysis conducted 
by Kinkel et al[40] that included 110 studies, PET/CT af-
forded the highest mean weighted sensitivity (92%) and 
was significantly more sensitive for the detection of  he-
patic metastases from gastrointestinal cancers than CT. 
Rappeport et al[41] showed that PET/CT was superior to 
CT alone for the detection of  extrahepatic metastases 
in CRC patients, with sensitivity and specificity rates of  
83% and 96% for PET/CT and 58% and 87% for CT. 
Contrast-enhanced PET/CT and PET/CT colonogra-
phy shows promise for improving accuracy in staging of  
disease[42,43].

PET/CT can distinguish between tumour recur-
rence and post-surgical scar, as well as pinpoint the site 
of  recurrence in cases with an unexplained rise in serum 
CEA[44]. It is therefore recommended for evaluation of  
equivocal findings on serial CT and MRI[45]. To detect 
recurrent nodal disease, PET/CT is superior to MRI, 
with a sensitivity of  93%[46]. PET/CT is superior to 
contrast-enhanced CT in detecting local recurrences 
at the colorectal anastamosis, intrahepatic recurrences 
and extrahepatic disease, with sensitivity rates close to 
or exceeding 90%[47]. Quantitative measurements of  
standardised uptake value and tumour volume may be 
used as a marker of  tumour burden in cases of  tumour 
recurrence[48]. Note that PET/CT should be performed 
more than 6 wk following local therapy, as inflammatory 
changes can result in false positives. 

In one study, PET/CT correctly assessed response 
of  liver metastases to Bevacizumab-based therapy in 
70% of  cases compared to 35% by CT[49]. For evalua-
tion of  liver metastases after radiofrequency ablation, 
PET/CT is comparable to MRI. In the study by Kuehl 
et al[50], the accuracy and sensitivity for the detection of  
liver metastases was 91% and 83% for PET/CT and 
92% and 75% for MRI, respectively.

 After treatment of  
liver metastases with Y-90 microspheres, metabolic re-
sponse on PET/CT correlates better with CEA levels 
than anatomic response with CT or MRI[51]. This having 

been said, it should be noted that complete metabolic 
response on FDG-PET after neoadjuvant chemotherapy 
does not necessarily imply complete pathologic response. 
Therefore, currently, curative resection of  liver metasta-
ses should not be deferred solely on the basis of  FDG-
PET findings[52,53].

Perfusion CT
Novel techniques such as perfusion CT[54,55] and com-
bined perfusion CT/PET CT[56] show promise. Perfu-
sion CT is performed at various time intervals after the 
injection of  contrast. A precontrast scan is required for 
determination of  increase in Hounsfield attenuation. 
Standard imaging protocols are to image at 45 and 130 
s after contrast injection. For perfusion CT, iodinated 
contrast needs to be injected at a high rate, typically at 
5 mL/s. Tissue blood flow, blood volume, mean transit 
time, and vascular permeability-surface area product are 
calculated based on the enhancement curves.

Aggressive tumors with poor differentiation are 
thought to be more vascular, and may therefore be dis-
tinguished from more well differentiated lesions with the 
use of  perfusion CT. In the study by Sahani et al[57], rec-
tal cancer showed higher tissue blood flow and shorter 
mean transit times than normal rectum. In another study, 
similar findings were echoed whereby CT perfusion was 
able to differentiate cancer from inflammation secondary 
to diverticulitis[58]. 

An elevated liver perfusion index has also been found 
to be associated with the presence of  hepatic metastases[59]. 
Increased arterial perfusion appears to be an indicator of  
liver metastases, whereas reduced portal perfusion may 
indicate progressive disease[60]. Perfusion CT may also 
play a role in predicting progression to metastatic disease. 
In the study by Goh et al[58], tumour blood flow differed 
significantly between disease-free and metastatic patients  
(76.0 mL/min per 100 g tissue vs 45.7 mL/min per 100 g tis-
sue, respectively). Using blood flow < 64 mL/min per 100 g 
tissue as a cut-off, sensitivity and specificity for the develop-
ment of  metastases were 100% and 73%, respectively.

Perfusion CT has potential for predicting the response 
of  rectal cancer to combined neoadjuvant chemotherapy 
and radiation therapy. In a study of  19 patients, blood 
flow, blood volume and permeability-surface area prod-
uct significantly decreased after combined chemotherapy 
and radiation therapy (P < 0.009)[61]. To date, however, 
the technique of  perfusion CT remains the subject of  
research. The main drawback to this technique is the 
additional exposure to ionising radiation (estimated at  
10 mSv). This translates to an added 1 in 2000 risk of  life-
time cancer risk. To reduce the risk of  ionising radiation, 
the radiation dose should be carefully optimised on a per 
patient basis. 

There is also a need for standardisation of  techniques. 
For example, the position and size of  tumour region of  
interest analysis and observer variation have been found to 
substantially influence perfusion values. Region of  inter-
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est analysis for outlined entire tumour is more reliable for 
perfusion measurements and more appropriate clinically 
than use of  arbitrarily determined smaller ROIs, although 
this may mean increased post-processing times[62]. 

CONCLUSION 
CT plays an important role in the management of  CRC. 
The use of  CT (colonography) as a screening tool for 
CRC has been validated and is expected to rise over time. 
The results of  prior studies suggest that CT is suboptimal 
for the assessment of  local T stage and moderate for N 
stage disease. Recent advances in CT technology are ex-
pected to lead to some improvement in staging accuracy. 
At present, the main role of  CT in pre-treatment imag-
ing assessment lies in its use for the detection of  distant 
metastases, especially in the liver. In a select group of  pa-
tients, routine post-treatment surveillance with CT confers 
survival benefits. The role of  CT for post-treatment as-
sessment has been radically altered and improved with the 
advent of  fusion PET/CT. Perfusion CT shows promise 
as another functional imaging modality, but further ex-
perience with this technique is necessary before it can be 
applied to routine clinical practice. 
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Abstract
Magnetic resonance imaging (MRI) is the modality of 
choice for staging nasopharyngeal carcinoma in the 
head and neck. This article will review the patterns of 
primary and nodal spread on MRI with reference to the 
latest 7th edition of the International Union Against 
Cancer/American Joint Committee on Cancer staging 
system.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) is an uncommon can-
cer but pockets of  high prevalence are found in regions of  
the world such as southern China, North Africa, Green-
land and Alaska. In the Chinese population, the tumor 
is usually a non-keratinizing undifferentiated carcinoma 
(Type Ⅲ) with a peak age incidence of  40-70 years, and 
is the form of  the disease described in this review. Undif-
ferentiated NPC is linked to infection with the Epstein 
Bar virus and has additional risk factors including diet and 
a genetic predisposition in family members. Because the 
nasopharynx is a relatively clinically silent region, patients 
often do not present until late when the tumor has spread 
into the deep tissues or to nodes in the neck. Neverthe-
less, this tumor is highly responsive to radiotherapy and 
the overall 5 years progression-free and cancer specific 
survival are 63% and 80%, respectively[1]. The diagnosis 
of  NPC is made by endoscopy and confirmed on endo-
scopically-guided biopsy before the patient is referred for 
imaging to stage the cancer and plan treatment.

Head and neck computed tomography (CT) and 
magnetic resonance imaging (MRI) are used to stage the 
primary and nodal NPC, but the latter is preferred[2-5] 
because it is superior in terms of  delineating small ana-
tomical structures that make up the boundary of  the 
nasopharynx, mapping tumor extent in the skull base, 
paranasal sinuses and brain, and discriminating between 
the primary tumor and adjacent retropharyngeal nodes. 
In some centers, fluorodeoxyglucose positron emission 
tomography integrated with CT (PET/CT) is advocated 
for NPC staging, because it may increase the accuracy of  
the assessment of  cervical nodal metastases as well as re-
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placing other conventional imaging techniques which are 
used to screen for metastases at distant sites outside the 
head and neck[6]. However, in these circumstances PET/
CT is performed as an additional imaging modality to 
head and neck MRI, because MRI is superior for assess-
ing primary tumor extent and retropharyngeal nodes[6,7].

The MRI scan should cover the head and neck from 
just above the skull base to just below the suprasternal 
notch. The protocol will vary between centers but in 
general T2-weighted sequences are performed in the cor-
onal plane and axial planes, the latter with fat saturation, 
together with T1-weighted images in the axial +/- sagit-
tal planes. Following a bolus injection of  intravenous 
contrast, T1-weighted post-contrast scans are performed 
in at least two planes, and these should include at least 
one sequence without fat saturation using a 512 matrix, 
and one with fat saturation.

This review of  staging NPC using MRI will follow the 
TNM staging system according to the latest 7th edition 
of  the International Union Against Cancer/American 
Joint Committee on Cancer (UICC/AJCC) Cancer staging 
manual published in 2009/2010[8,9] which stages the pri-
mary tumor from stage T0 to T4 and the nodal metastases 
from N0 to N3.

MRI STAGING OF THE PRIMARY 
TUMOUR (T-STAGE)
Stage T0 and T1 disease
Tumor confined to the nasopharynx: The nasophar-
ynx consists of  a roof, posterior wall, lateral walls and 
inferior wall formed by the palate. MRI is a very sensitive 
technique for identifying NPC, therefore it is rare to find 
patients in whom the primary tumor cannot be identi-
fied (stage T0)[10]. In addition, the recent widespread use 
of  serological testing in high risk patients with a family 
history of  NPC is leading to the early detection of  tu-
mors[11], some of  which can be clearly depicted by MRI 
but may be missed by endoscopy or endoscopic guided 
biopsy, because they are submucosal or buried deep 
in the lateral pharyngeal recess[10]. The latter site, also 
known as the fossa of  Rosenmuller, lies posterior to the 
opening of  the eustachian tube and is the most common 
site for NPC to arise (Figure 1)[10,12]. Mucosal spread of  
primary tumors tends to involve the superior portion 
of  the nasopharynx rather than the inferior portion and 
palatal wall. Deep infiltrating tumors may be found even 
when the nasopharyngeal component is small, while 
other primary tumors may reach a large size and fill the 
nasopharyngeal cavity without extending outside the 
nasopharynx. However, in the non-serology screening 
setting, most NPCs have already spread to adjacent sites 
at diagnosis and so disease confined to the nasopharynx 
(stage T1) is only found in about a fifth of  patients[13].

Tumor spread to the nasal cavity and oropharynx: In 
the latest edition of  the UICC/AJCC classification, super-
ficial spread to the nasal cavity and oropharynx has been 

down staged from T2 to T1 disease. The nasal cavity is 
commonly involved by this carcinoma because it lies directly 
anterior to the nasopharynx. Minimal invasion with tumor 
just crossing the margin of  the choanal orifice is common, 
while more bulky disease extending into the main body of  
the nasal cavity is encountered less frequently (Figure 2). 
The nasal septum should always be scrutinized on the axial 
and coronal images as tumor in the nasopharyngeal roof  
may spread centrally along the septum.

Inferior superficial extension down to the mucosa of  
the oropharynx is uncommon, tumors preferentially spread-
ing superiorly to the skull base. Therefore, invasion of  the 
oropharynx rarely occurs as an isolated event and is not 
usually an early sign of  disease because it is already associ-
ated with tumor spread to sites such as the parapharyngeal 
region, skull base and cranium[13,14] (Figure 3).

Stage T2 disease
Tumor spread to the parapharynx: Deep extension into 
the parapharyngeal region has been changed from stage 
T2b to stage T2. Parapharyngeal spread occurs when tu-
mor spreads posterolaterally from the nasopharynx and 
usually involves lateral penetration through the levator 
palatini muscle and pharyngobasilar fascia to involve the 
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Figure 1  Axial post-contrast T1 weighted magnetic resonance imaging 
(MRI) showing a small nasopharyngeal carcinoma within the right lateral 
pharyngeal recess (arrow). This is a frequent site for early cancer.

Figure 2  Axial post-contrast T1 weighted MRI showing a bulky naso-
pharyngeal carcinoma with gross extension into the right nasal cavity 
(arrows).



tensor palatini muscle and parapharyngeal fat space which 
contains the pharyngeal venous plexus. Parapharyngeal 
invasion is associated with an increased risk of  distant 
metastases, tumor recurrence and survival[15-17]. MRI is 
able to distinguish between a primary tumor confined to 
the nasopharynx that is only bulging into the fat space 
(stage T1), a primary tumor confined to the nasopharynx 
which is abutting a metastatic retropharyngeal node (stage 
T1N1), and a primary tumor that is directly invading the 
parapharyngeal region (stage T2) (Figure 4)[18]. Parapha-
ryngeal involvement can lead to compression of  the eusta-
chian tube resulting in a middle ear and mastoid effusion. 
Further posterolateral spread may also involve the carotid 
space and encase the carotid artery.

Directly posterior to the nasopharynx is the retropha-
ryngeal region, longus capitis muscles, prevertebral space 
and clivus (Figure 5). Direct posterior extension into these 
sites may be the only site of  invasion outside the naso-
pharynx. In some patients this posterior extension is the 
preferred pattern of  tumor spread with bulky disease con-
tinuing down to the foramen magnum and upper cervical 
spine. This region contains lymphatics and a venous plex-
us and so invasion of  the prevertebral space is associated 
with an increased risk of  distant metastases and decreased 
survival[19].

Stage T3 disease
Tumor spread to the skull base: Tumor invasion into 
the skull base or paranasal sinuses remains stage T3 dis-
ease in the latest edition of  the UICC/AJCC classifica-
tion. NPC has a propensity to invade bone and over 60% 
of  patients have skull base invasion at diagnosis[13]. The 
number of  bony sites may influence prognosis[20] and can 
vary from extensive invasion involving multiple sites to 
only a small localized area, which in some patients may be 
the only site of  extra nasopharyngeal spread. The clivus, 
pterygoid bones, body of  the sphenoid and apices of  the 
petrous temporal bones are most commonly invaded. 
The axial T1 weighted image provides a good overview 
of  the extent of  any skull base invasion and interrogation 
relies on identifying five key regions of  high T1 signal 
fatty bone marrow which comprise the clivus; right ptery-
goid base; left pterygoid base; right petrous apex; left pe-
trous apex (Figure 6A and B). The body of  the sphenoid 
is more difficult to assess because it forms a thin shelf  
around the sphenoid sinus but can be studied on the 
coronal images. After identification of  the major sites of  
bony invasion, other sites including the sphenoid wings 
and upper cervical spine should be assessed before scruti-
nizing the skull base foramina and fissures. The skull base 
foramina form an unimpeded channel for tumor spread, 
but there is often direct invasion of  the bones bordering 
these foramina. The foramina are assessed best on the 
coronal images, and passing from the anterior to the pos-
terior skull base they consist of  the foramen rotundum 
(Ⅴ2 nerve) and vidian canal (vidian nerve) (Figure 7A); 
the foramen ovale (Ⅴ3 nerve) (Figure 7B); and foramen 
lacerum (which lies below the horizontal portion of  the 
internal carotid artery) (Figure 7C). The foramen ovale 
and lacerum are two commonly involved foramina which 
provide a route of  tumor spread into the cranium[2,13,21].

Inferior spread of  tumor to involve the hypoglossal 
nerve canal (Ⅻ nerve) and jugular foramen (Ⅸ-Ⅺ nerves) 
is less common, but in the case of  the hypoglossal nerve 
canal, denervation of  the hemitongue may be found.

Tumor may also involve the pterygomaxillary fis-
sure, which lies posterior to the maxillary sinus, and the 
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Figure 3  Sagittal T1 weighted MRI showing a bulky nasopharyngeal car-
cinoma with inferior extension, crossing the C1/2 level, along the posterior 
wall into the oropharynx (arrow).

Figure 4  Axial post-contrast T1 weighted MRI showing a nasopharyngeal 
carcinoma directly infiltrating into the left parapharyngeal space (arrow).

* *

Figure 5  Axial post-contrast T1-weighted MRI showing a nasopharyngeal 
carcinoma with gross posterior retropharyngeal extension in the longus 
capitis muscles (asterisks), prevertebral space (long arrows), clivus (short 
arrows) and posterior cranial fossa (broken arrows).

King AD et al . MRI staging of nasopharyngeal carcinoma



petroclival fissure. Finally, positioned in the central skull 
base is the pterygopalatine fossa (Figure 8) which forms 
a very important crossroads connecting the skull base to 
the face and brain. This fossa can be located in the most 
medial aspect of  the pterygomaxillary fissure on the axial 
images and provides a route of  tumor spread to the orbit 
(via the inferior orbital fissure), infratemporal fossa (via 

the pterygomaxillary fissure), oral cavity (via the pterygo-
palatine canal), nasal cavity (via the sphenopalatine fora-
men), foramen lacerum (via the vidian canal) and middle 
cranial fossa (via foramen rotundum).

Tumor spread to the paranasal sinuses: Mucosal inflam-
matory changes in the paranasal sinuses are common in 
patients with NPC, and MRI has the advantage over CT 
of  providing better discrimination between tumor and 
these benign changes. The sphenoid sinus is frequently in-
vaded by NPC because it lies immediately above the roof  
of  the nasopharynx from which it is separated by a thin 
plate of  bone (Figure 9). Tumor invasion of  the ethmoid 
sinuses usually occurs from direct spread from the sphe-
noid sinus or nasal cavity, and invasion at this site may 
reduce the chance of  shielding the optic nerve from the 
radiotherapy field. The maxillary sinus is rarely involved 
except as a late event when there is usually extensive inva-
sion elsewhere, not only within the nasal cavity, but also 
the sphenoid and ethmoid sinuses, skull base and brain[13].

Stage T4 disease
Tumor spread to the intracranium, cranial nerves and or-
bit: NPC invades the cavernous sinus (Figure 9) and dura[2,13],  
while direct invasion of  the brain at diagnosis is rare. Inva-
sion of  the cavernous sinus can lead to multiple cranial 
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BA

Figure 6  Axial T1 weighted MRI of the skull base showing five key bony sites to check for tumor invasion. A: Normal skull base showing T1W weighted 
signal of normal fatty bone marrow within the clivus (long arrow), bilateral pterygoid bases (short arrows) and petrous apices (broken arrows); B: Abnormal skull base 
showing loss of normal high T1 weighted signal due to tumor invasion of the clivus (long arrow), left pterygoid base (short arrow) and left petrous apex (broken arrow).

BA C

Figure 7  Coronal post-contrast T1 weighted MRIs of nasopharyngeal carcinoma in three patients illustrating tumor extension in the foramina from the 
anterior (A) to the posterior (C) skull base. A: The right foramen rotundum and vidian canal (solid long and short arrows, respectively); B: Left foramen ovale (solid 
arrow); C: Left foramen lacerum (solid arrow). The uninvolved foramina on the contralateral sides are indicated by broken arrows.

Figure 8  Axial post-contrast T1 weighted MRI showing contiguous 
extension of nasopharyngeal carcinoma into the left pterygopalatine fossa 
which is expanded (long arrow). Compare this with the normal hyperintense 
fat signal in the narrow pterygopalatine fossa on the contralateral side (short 
arrow).
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nerve palsies involving cranial nerves Ⅲ, Ⅳ, Ⅴ1, Ⅴ2 and Ⅵ. 
NPC may spread into the cavernous sinus from multiple di-
rections including posteriorly from tumor surrounding the 
horizontal portion of  the internal carotid artery, anteriorly 
from the orbital fissures or through the skull base in the 
region of  the foramen ovale or sphenoid sinus. Dural inva-
sion usually involves the floor of  the middle cranial fossa 
adjacent to the cavernous sinus and foramen ovale, while 
posterior fossa invasion occurs along the posterior aspect 
of  the clivus and occasionally along the tentorium.

Cranial nerve involvement is a clinical rather than ra-
diological sign for staging, although tumor may be seen 
on MRI on the post-contrast T1-weighted images with fat 
saturation, especially around the Ⅴ3 and Ⅴ2 nerves in the 
foramen ovale and rotundum, respectively. True perineu-
ral spread, in which tumor extends a long distance along 
the nerve away from the primary tumor site and foramina 
in the skull base, is occasionally found, but in general is 
uncommon in the pre-treatment setting. Orbital invasion 
is also a marker of  the most extensive form of  NPC and 
is usually invaded by tumor in the pterygopalatine fossa 
travelling via the inferior orbital fissure or directly from 
the cavernous sinus.

Tumor spread to the infratemporal fossa/masticator 
space and hypopharynx: Invasion of  the medial and 
lateral pterygoid muscles, infratemporal fat and tempo-
ralis muscle is denoted as T4 disease and is usually found 
when tumors extend laterally from the parapharyngeal 
space, pterygoid base or the pterygomaxillary fissure. The 
hypopharynx is the most inferior site of  tumor invasion 
included in the staging classification, but it is very rarely 
involved at diagnosis because, as noted above, NPC has a 
preference for extending superiorly to the skull base rather 
than inferiorly to the oropharynx and then hypopharynx.

MRI STAGING OF NODAL METASTASES 
(N-STAGE)
Patterns of nodal spread
NPC has a propensity to spread to nodes with over 75% 

of  patients having nodal metastases at presentation and 
enlarged nodes may be the first clinical manifestation 
of  disease. Nodal metastases are not necessarily related 
to the size[22] or stage of  the primary tumor because pa-
tients with small tumors may have extensive nodal me-
tastases while some bulky tumors invading the skull base 
show no nodal spread. Nodal metastases from NPC 
have a tendency for bilateral neck spread. Lateral retro-
pharyngeal nodes, which lie medial to the carotid artery 
(Figure 10), are one of  the most common sites of  nodal 
spread from NPC[23] and are easily identified on MRI[24,25] 
and as such have been considered the first echelon of  
metastatic spread[23,25]. However, it has now been shown 
that metastatic nodal spread may bypass these nodes and 
spread directly to the non-retropharyngeal nodes in the 
upper neck, usually to the level Ⅱ nodes[26-29]. It should 
also be noted that the metastatic lateral retropharyngeal 
nodes can be identified on MRI from the skull base to 
the level of  C3[25], and therefore they frequently extend 
deep to the oropharyngeal wall (Figure 11). The median 
group of  retropharyngeal nodes does not form a dis-
crete nodal chain[30] and as such are not usually identified 
on MRI in NPC[24,25].

Skip metastases to the lower neck have been described[29]  
but usually nodal metastases spread in an orderly fash-
ion[31] down the neck involving the nodal groups along the 
internal jugular chain (level Ⅱ to Ⅳ), and spinal accessory 
chain in the posterior triangle (Ⅴa and Ⅴb). Metastatic 
nodes posterior to the jugular vein in the upper neck 
(Figure 11) are the most common site for non-retropha-
ryngeal nodes[27] and are designated as high internal jugu-
lar nodes (level Ⅱa or b), although at this site the internal 
jugular and spinal accessory nodal chains converge. Nodes 
in the submandibular and parotid/periparotid region are 
far less common at diagnosis but should be searched for 
because of  the implications for planning radiotherapy es-
pecially intensity modulated radiotherapy. Nodes at these 
sites may be found when there are bulky upper cervical 
nodes (Figure 12) which obstruct the normal routes of  
lymphatic drainage[25,29]. Once the nodal metastases reach 
the supraclavicular fossa there is an increased incidence of  
distant metastases.
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Figure 9  Coronal post-contrast T1 weighted MRI showing a nasopharyngeal 
carcinoma with direct infiltration through the sphenoid body (long arrows) 
into the sphenoid sinus (short arrows) and right cavernous sinus (broken 
arrows).

Figure 10  Axial post-contrast T1 weighted MRI showing a nasopharyngeal 
carcinoma (short arrows) and a grossly enlarged metastatic left retropha-
ryngeal lymph node at the level of the nasopharynx (long arrow).
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Diagnosis of nodal metastases
MRI diagnoses nodal metastases on the basis of  size 
if  the shortest nodal axial diameter reaches 5 mm or 
greater in the lateral retropharyngeal region[25,32], 11 mm 
in the jugulodigastric region or 10 mm in other non-ret-
ropharyngeal nodes of  the neck, or if  there are a group 
of  three or more nodes which are borderline in size[33]. 
However, it should be noted that normal nodes become 
progressively smaller moving caudally in the neck and 
therefore a size of  5-7 mm is sometimes used as a cut-
off  in the lower neck. NPC nodes are often necrotic and 
show extracapsular spread and these signs are used by 
MRI to identify metastatic nodes irrespective of  size[33,34]. 
Extracapsular spread has also been shown to be an inde-
pendent prognostic factor for overall survival and distant 
metastases failure-free survival[35].

Staging
Staging of  nodal metastases from NPC differs from that 
of  other carcinomas in the head and neck. The most re-
cent 7th edition UICC/AJCC classification includes the 
retropharyngeal nodes which have been shown to have 
a negative effect on prognosis[36], and is classified as N1 

irrespective of  whether they are unilateral or bilateral. 
All other cervical nodes are considered to be stage N1 if  
unilateral and stage N2 if  bilateral, unless they are greater 
than 6 cm in size or reach the supraclavicular fossa, in 
which case they are designated as stage N3a or N3b, re-
spectively. Unlike other carcinomas in the neck, N2 is not 
further divided into substages according to the number 
of  nodes or bilateral/contralateral involvement. Matted 
nodes forming a nodal mass of  greater than 6 cm is rare 
and therefore most patients with stage N3 are diagnosed 
on the basis of  supraclavicular nodes.

MRI STAGING OF DISTANT 
METASTASES IN THE HEAD AND NECK 
(M-STAGE)
Distant metastases are found in about 5% of  patients[37] 

at diagnosis and are most frequently found in the skel-
etal system followed by the thorax (lymph nodes and 
lungs) and then the liver. Although distant metastases 
are uncommon at diagnosis, head and neck MRI studies 
should always be assessed for evidence of  spread to the 
bones in this region or lung apices, especially in patients 
with risk factors such as metastatic cervical nodes which 
extend to the supraclavicular fossa.

CONCLUSION
Head and neck MRI is the best modality for staging lo-
coregional NPC, and the common sites for local primary 
tumor invasion and patterns of  nodal spread have been 
described. Recent minor changes to the latest 7th edition 
of  the UICC/AJCC cancer staging manual have seen 
primary tumor spread to the nasal cavity and oropharynx 
down staged from stage T2A to stage T1, and parapha-
ryngeal spread changed from stage T2a to T2, while for 
nodal staging the retropharyngeal nodes have now been 
incorporated officially into the staging system as stage 
N1 disease, irrespective of  whether they are unilateral or 
bilateral.
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Abstract
Intracranial atherosclerotic disease (ICAD) contributes 
to a significant number of ischemic strokes. There is 
debate in the recent literature concerning the impact of 
the location of stenosis in ICAD on outcome. Some re-
ports have suggested that disease processes and out-
comes vary by vessel location, potentially altering the 
natural history and indications for intervention. Here 
we have performed a comprehensive, critical review 
of the natural history of ICAD by vessel in an attempt 
to assess the differences in disease specific to each 
of the vascular territories. Our assessment concludes 
that only minor differences exist between patients with 
different vessels affected in vessel-specific ICAD. We 
have found that middle cerebral artery disease confers 
a lower mortality than vessel-specific ICAD in other 
intracranial vessels, asymptomatic disease follows a 
more benign course than symptomatic disease, and 

that plaque progression or the detection of microem-
boli on transcranial Doppler may predict poor outcome. 
Given the expanding indications for treatment of ICAD 
and rapidly developing endovascular techniques to 
confront this disease, a thorough understanding of the 
natural history of ICAD aids the interventional neuro-
radiologist in determining when to treat and how to 
predict outcome in this patient population.
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INTRODUCTION
Patients with stroke or transient ischaemic attack (TIA) are 
found to have intracranial atherosclerotic disease (ICAD) 
in at least 9% of  cases[1]. Depending on the populations 
studied, and particularly in Asian populations, ICAD may 
account for up to 29% of  all ischemic events[2-4]. Besides 
race and ethnicity, medical risk factors associated with 
ICAD include insulin-dependent diabetes mellitus, hyper-
cholesterolemia, cigarette smoking and hypertension[1,5,6]. 
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Despite advances in endovascular and pharmaceutical 
technology, the prognosis for patients with ICAD remains 
poor. We have previously characterized the natural history 
of  ICAD on a vessel-by-vessel basis[7] in an effort to iden-
tify the potentially variable risk represented by stenosis 
of  the different intracranial vessels. Care should be taken 
when interpreting the finding of  single stenosed intracra-
nial vessels, since intracranial atherosclerosis is likely to be 
a diffuse process affecting multiple locations[8]. For this 
reason, atherosclerotic stenosis identified in any one ves-
sel also confers an increased risk of  subsequent stroke in 
other vascular distributions. The location of  stenosis has 
no clear effect on stenosis progression and stroke[7].

Though most recent reports on ICAD aggregate ste-
noses at all locations in the intracranial arteries in their 
outcome assessment, some investigators have identified 
pathogenic differences that may contribute to the ob-
served survival discrepancies identified in the literature. 
Bang et al[9], investigated the mechanisms underlying stroke 
in patients with atherosclerotic lesions in the internal ca-
rotid artery and proximal atherosclerotic lesions (MCA), 
finding that biomarkers of  inflammation were more 
elevated in those with carotid stenosis (P < 0.01). These 
authors concluded that atherosclerotic intracranial carotid 
stenosis may be prone to instability with plaque rupture 
and subsequent ischemic stroke while atherosclerotic ste-
nosis of  the MCA appears more stable and less prone to 
plaque rupture.

Because of  apparent differences in morbidity and 
mortality based upon location in the intracranial circula-
tion, we critically review the natural history of  ICAD us-
ing a vessel-by-vessel approach, and discuss the possible 
common features and management.

EPIDEMIOLOGY AND PATHOGENESIS OF 
ICAD
The proportion of  patients with atherosclerotic stenoses 
in the major vessels varies widely in the medical litera-
ture. Mazighi et al[10], reported on a series of  patients 
with stenosis > 30%: the ICA was affected in 16.3%, 
MCA in 18.3%, basilar artery (BA) in 15.9% and ver-
tebral artery (VA) in 7.6%. In a prospective series of  
267 patients with intracranial large vessel occlusion, the 
MCA was affected in 38%, ICA in 6%, ACA in 1.3%, 
and posterior circulation arteries in 7%[11]. However, the 
Groupe d’Etude des Stenoses Inta-Cranieenes Athero-
mateuses symptomatiques (GESICA) was a prospective 
series including 102 patients with symptomatic intracra-
nial stenosis and showed relatively equal distribution of  
disease affecting VA, BA, MCA and ICA[12].

ICAD occurs more commonly in patients of  Asian, 
African or Hispanic origin than in Caucasians. Studies 
in Chinese, Thai, Korean, Japanese and Singaporean 
patients with stroke have demonstrated rates of  ICAD 
between 30%-50%[13]. By contrast, approximately 8 to 9% 
of  strokes are attributable to ICAD in Caucasians, while 
African- and Hispanic-Americans were shown to have a 
relative risk of  5 to 6 for ICAD-related stroke compared 

to Caucasians[14]. The development of  this racial differ-
ence has been hypothesized to be related to the emer-
gence of  a stroke-suppressor genotype among Europeans 
that has primarily affected intracranial arteries[15]. 

The prevalence and true impact of  ICAD is likely un-
derestimated because most patients are evaluated using 
primarily cross-sectional imaging studies such as com-
puted tomography[16] or magnetic resonance imaging[17] 
rather than catheter angiography which can most accu-
rately diagnose and characterized intracranial stenoses. 
In particular, recent studies suggest that even stenoses < 
50% can potentially be associated with ischemic stroke 
and may be significant[10]. Nevertheless, the Warfarin-As-
pirin Symptomatic Intracranial Diseases (WASID) Trial 
showed that intracranial stenosis 70%-99% were associ-
ated with the greatest risk of  stroke[3], and an autopsy 
study of  339 consecutive patients who died of  stroke 
found in intracranial stenoses in 43% of  cases, not all of  
which were symptomatic[10]. 

Controversy remains about the prognostic signifi-
cance of  ICAD, either discovered prior to a stroke or 
secondarily identified post-stroke or TIA. Since the risk 
factors for ICAD are similar to those for arterial disease 
in other parts of  the body (diabetes, hypertension, ciga-
rette smoking, and hypercholesterolemia[1,18,19]), it is not 
surprising that patients with ICAD have increased rates 
of  vascular occlusive disease in other vascular territories.

ICAD is part of  a generalized vasculopathy due to 
genetic and environmental factors that puts these pa-
tients at a significantly higher risk for a range of  vascular 
events. ICAD has been associated with high levels of  
circulating pro-inflammatory cytokines and inhibitors of  
fibrinolysis[20]. In particular, increased levels of  C-reactive 
protein and PAI-1 predicted progression to symptomatic 
ICAD. High levels of  lipoprotein-(a) and diabetes have 
been found to predict higher levels of  ICAD and may 
be useful markers of  risk for this disease[21]. 

INTERNAL CAROTID ARTERY ICAD
A number of  retrospective studies have investigated an-
nual mortality and ipsilateral stroke rates following diag-
nosis of  intracranial ICA atherosclerotic disease in the 
1980s[22-25]. The reported rates of  annual mortality ranged 
from 7.8% to 17.2%, with recurrent ipsilateral stroke 
occurring at a rate of  3.1 to 8.1%. These reports have 
limitations because the patient populations investigated 
were heterogeneous with baseline stenosis ranging from 
20%-70%, longitudinal evaluation varied from 25.5-50 mo, 
and the series were small, with fewer than 100 symptom-
atic and asymptomatic patients. The primary outcomes 
are difficult to compare because there is no common ob-
jective measure of  stroke severity. In aggregate, these case 
series can only be considered Level 2b evidence by the 
Oxford Centre for Evidence Based Medicine scheme[26]. 

A number of  important hypotheses emerged from 
this early work on carotid ICAD. Craig et al[22] found that 
recurrent cerebral ischemic events were more frequent 
in patients with symptomatic rather than asymptomatic 
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ICA stenosis. Wechsler et al[25] showed that impaired flow 
on angiography in symptomatic patients due to hemody-
namically significant carotid siphon stenosis contributed 
to TIA symptomatology, while strokes primarily resulted 
from distal embolization from the stenosis. Even though 
ICAD occurs in the condition of  diffuse vascular disease, 
strokes subsequent to the diagnosis of  ICAD occurred 
primarily in the same vascular territory supplied by the 
area of  lesion identified[23,24]. In a prospective series of  
patients with suspected stroke, multivariate analysis dem-
onstrated that the location of  stenosis is associated with 
clinical outcome: ICAD at the internal carotid terminus 
was significantly associated with poor outcome (modified 
Rankin scale score 3-6) over a 23-mo follow-up[11]. 

MIDDLE CEREBRAL ARTERY ICAD
The early, retrospective cohorts investigating the natural 
history of  MCA ICAD show a 12.5%-24% risk of  recur-
rent stroke during 6.5 years follow-up[27,28]. The annual 
stroke rate ranged from 2.8%-3.7%, and in some cases 
occurred very quickly, prior to initiation of  medical thera-
py[27]. More recently, a number of  prospective series have 
investigated the same population. Sub-group analysis of  
the extracranial-intracranial bypass study population[29] re-
ported an annual stroke rate of  5%, with 25% of  138 pa-
tients experiencing stroke during 55.8 mo follow-up. The 
patients in this group had > 70% stenosis at the beginning 
of  the study, and may represent a higher risk group than 
the earlier cohorts including patients with < 50% steno-
sis. Arenillas et al[20] showed that stenosis progression, as 
measured by transcranial Doppler (TCD), independently 
predicted stroke recurrence in symptomatic patients with 
MCA ICAD. Subsequently, Gao et al[30] showed that the 
presence of  microembolic signals (MES) on TCD ultra-
sonography in symptomatic patients with known MCA 
stenoses predicted recurrent ipsilateral stroke. The annual 
ipsilateral stroke rate was 7.8% and annual mortality was 
7.0%[30]. The results of  these two studies suggest that 
symptomatic MCA ICAD is a condition with significant 
risk of  death or recurrent stroke, which is primarily em-
bolic in origin. Furthermore, regular evaluation using 
TCD, including evaluation of  MES, may be valuable in 
identifying high-risk patients with MCA stenosis.

Stroke prevention in symptomatic ICAD patients 
remains a subject of  discussion and on-going research. 
Generally, systemic anti-coagulation is no longer primary 
therapy based on WASID and Warfarin-Aspirin Rcurrent 
Stroke Study (WARSS)[3,31]. The Aspirin or anticoagulants 
in stenosis of  the middle cerebral artery (MCA) (AVASIS) 
trial, which was intended to clarify the findings of  WA-
SID concerning efficacy of  aspirin vs warfarin was halted 
due to slow enrollment. Neither group reached the pri-
mary endpoint in a final analysis of  the collected data[32]. 
In the United States, an update of  the American Heart 
Association/American Stroke Association summarizes 
existing data on stroke prevention in patients with prior 
stroke or TIA[33].

VERTEBROBASILAR ICAD
The second most common location for ICAD is the 
vertebrobasilar arteries[2]. ICAD at this location confers 
a substantial risk of  subsequent ischemic events. In GE-
SICA, BA atherosclerosis conferred the highest risk for 
recurrent stroke over an average 23-mo follow up[12]. In a 
prospective series of  patients presenting with suspected 
stroke, basilar and internal carotid terminus occlusions 
independently predicted poorer outcome on multivari-
ate analysis (relative risk for a good outcome was 0.4 for 
basilar occlusion and 0.47 for ICA occlusion)[11]. Data 
from the WASID study group demonstrated that BA ste-
nosis conferred a higher risk of  subsequent events than 
VA stenosis[34]. The posterior circulation has also been 
found to have significantly higher rates of  complications 
after angioplasty and stenting than ICAD affecting the 
anterior circulation[35]. 

Most of  the data regarding the natural history of  ver-
tebrobasilar ICAD comes from retrospective cohorts. In 
four retrospective series published over the last 20 years,  
the rates of  annual stroke mortality ranged from 1.1%- 
14.3%[34,36-39]. The annual vertebrobasilar-territory stroke 
rate and overall annual stroke rate ranged from 0%-8.7% 
and 3%-14.3%, respectively. Kaplan-Meier analysis re-
vealed that the majority of  symptomatic patients expe-
rienced a stroke and/or death within 5 years of  initial 
presentation. The best data specifically about posterior 
circulation stroke likely comes from the New England 
Stroke Registry[40]. In this study of  407 registry patients, 
59% had posterior circulation strokes without TIA, 24% 
presented with TIAs then strokes, and only 16% had 
TIAs, 14% of  which were due to intra-arterial lesions[40]. 

Voetsch et al[41] performed a subgroup analysis of  pa-
tients with basilar stenosis artery in the New England 
Stroke Registry. Mortality was lower than expected (2.6%) 
and 62% had minor or no permanent deficits at follow-up 
over an 8 years period. Longer-term follow up from this 
cohort would be welcomed, but has not been reported to 
date. It has been proposed that, as for ICAD in other re-
gions, the risk of  recurrent ischemia is highest in the first 
2 years following a stroke[36]. Indeed, Thijs et al[42] showed 
that the risk of  recurrent stroke and death on treatment 
can be quite high. In a series of  52 patients with TIA or 
stroke due to ICAD, 56% had recurrent events during 
treatment with antithrombotic or anti-platelet medications. 
52% of  these events occurred within 36 d (median) and 
15% were major strokes or death. However, an analysis of  
the WASID cohort failed to reveal any difference in pa-
tients who were on or off  (i.e. had failed) antithrombotic 
therapy at the time of  the initial stroke[43]. 

MEDICAL AND INTERVENTIONAL 
MANAGEMENT OF ICAD
Optimal management of  ICAD continues to evolve but 
currently focuses on the use of  anti-aggregating (anti-
platelet) medications as first line therapy and revascular-
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ization procedures (usually endovascular) for refractory 
cases. Recent medical management, which evolved from 
the treatment of  systemic atherosclerosis has included 
combinations of  aspirin, dipyridamole, statins, ticlopi-
dine, clopidogrel, warfarin and angiotensin-converting 
enzyme inhibitors[2,42]. Since the publication of  the WA-
SID and the WARSS trial, the benefit of  warfarin over 
aspirin has been questioned[3,31]. For example, WASID 
was stopped prematurely by its safety monitoring com-
mittee due to a significantly increased risk of  hemor-
rhage in the warfarin group. At a mean follow-up of  1.8 
years, there was no difference in the primary endpoint 
of  ischemic stroke, brain hemorrhage or death from 
other vascular causes, but the rates of  each endpoint 
individually were significantly lower in the aspirin group. 
Although some commentators have voiced concerns 
about the study design and applicability of  outcome and 
complication measures[44], use of  warfarin to treat this 
group of  high-risk patients based on the foregoing data 
requires caution.

For patients who develop recurrent symptoms on an-
tithrombotic therapy, the risk of  recurrent stroke or TIA 
is believed to be extremely high and revascularization is 
often considered (Figure 1). The efficacy of  angioplas-
ty[45] or stent-supported angioplasty (PTAS) for ICAD 
remains controversial. Marks et al[46], reported clinical 
outcomes in their series of  120 patients with 124 symp-
tomatic intracranial stenoses using PTA alone. Includ-
ing periprocedural strokes and deaths, the annual stroke 
rate in the territory of  treatment was 3.2% and 4.4% 
overall[46]. However, PTA alone is not always successful. 
In Marks’ series, 12.9% of  patients required immediate 
stenting when angioplasty failed[46]. 

There are also numerous series reviewing single and 
multi-center experience with intracranial stent angio-
plasty. SSYLVIA (Stenting of  symptomatic atheroscle-
rotic lesions in the vertebral or intracranial arteries) was a 
prospective multi-center non-randomized feasibility trial 
to evaluate the Neurolink® intracranial stent (Guidant, 
Indianapolis, IN). Sixty one patients underwent treatment 
with 95% technical success, 6.6% stroke and 0% mortal-
ity. Unfortunately, the incidence of  stroke increased to 
7.3% between 30 d and 1 year with a 35% rate of  reste-
nosis in the treated arteries[47]. In 2005, Henkes et al[48] 
reported on the use of  a novel self-expanding stent called 
Wingspan® (Boston Scientific, Fremont, CA). Forty five 
patients underwent treatment for ICAD > 50% stenosis 
with 98% technical success, composite 30-d ipsilateral or 
death of  4.5%, and 6-mo all cause stroke rate of  9.5%. 
Based on these data, the FDA granted Boston Scientific 
a humanitarian device exemption to treat symptomatic 
patients with ICAD stenosis > 50% and refractory to 
medical therapy. Fiorella et al[49], reported on 78 patients 
with 82 intracranial stenoses > 50% who were treated 
with Wingspan®. With a technical success rate of  nearly 
99%, there were 6.1% major peri-procedural complica-
tions or deaths with good target artery revascularization 
but a 32% rate of  in-stent restenosis[50]. The SAMMPRIS 
(Stenting vs aggressive medical management for prevent-
ing recurrent stroke in intracranial stenosis) is an National 
Institute of  Health-funded randomized trial comparing 
best medical therapy with stent-angioplasty using the 
Wingspan device plus best medical therapy and is now 
enrolling in the United States[51]. 

Across centers in the Americas and Europe, the results 
of  PTA/PTAS have not been uniform. Recent non-
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Figure 1  Seventy-nine years old man with hypertension 
and hyperlipidemia developed episodic dizziness, 
visual distortion, dysarthria, and somnolence refractory 
to anti-platelet therapy using aspirin and dipyridamole. 
A: Computed tomography of the brain with contrast, 
CTA protocol and coronal reconstructions, shows severe 
focal stenosis of the basilar artery (arrow); B: Catheter 
arteriography of the right vertebral artery during arterial 
phase in frontal projection confirms 80% stenosis the 
proximal basilar artery (arrow); C: Fluororadiography during 
endovascular revascularization using stent angioplasty 
shows placement of a 3.0 mm × 15 mm Wingspan® self-
expanding nitinol stent (arrow) symmetrically across the 
stenosis after angioplasty using a 2.5 mm × 9 mm Gateway®  
angioplasty balloon catheter; D: Catheter arteriography of 
the right vertebral artery during the arterial phase in frontal 
projection at the conclusion of the procedure shows residual 
40% stenosis of the basilar artery after angioplasty and stent 
placement (arrow). Out-patient follow-up with non-invasive 
imaging using transcranial Doppler ultrasonography shows 
stable normal velocities in the treated artery. The patient 
remains stable on aspirin and clopidogrel.
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randomized, retrospective studies have found no signifi-
cant difference in vascular ischemic endpoints between 
patients with ICAD treated with medical therapy or 
PTA/PTAS[52]. In a systematic review of  PTAS for ICAD, 
Gröschel et al[35], concluded that the use of  PTA/PTAS 
outside the context of  randomized, controlled trials cannot 
be recommended due to the widely variable complication 
rates of  PTA/PTAS, the natural history of  the ICAD, and 
lack of  clear effect on patient outcome. A comprehensive 
review of  this area is beyond the scope of  this review, and 
is covered in detail elsewhere[17,53]. 

CONCLUSION
Symptomatic ICAD is associated with a significant risk 
of  stroke despite medical therapy. Vessel-specific patterns 
of  outcome have emerged in the old and recent litera-
ture on ICAD. Studies examining the ICA terminus have 
shown that stenosis in this region predicts poor outcome, 
arguing for intervention in some cases. Stenosis specific 
to the MCA distribution confers a lower rate of  morbid-
ity and mortality than other vessels, suggesting that medi-
cal management may play a larger role in this vessel. The 
presence of  ICAD in the vertebrobasilar system confers 
the highest rate of  stroke, but interventional neuroradi-
ologists also report the highest rate of  complications fol-
lowing angioplasty and stenting in these vessels. Within 
the posterior circulation, the ICAD of  the BA has the 
highest rate of  mortality and morbidity.

Examination of  the natural history of  ICAD evi-
dences the new potential role for endovascular revascu-
larization of  the most severe intracranial stenoses. Per-
cutaneous transluminal angioplasty and stent-supported 
angioplasty are now feasible with modern microcatheter 
technologies. Studies designed to compare complication 
rates of  medical and interventional therapies are now 
underway. Restenosis with stent-supported angioplasty 
may be less frequent than after angioplasty alone at early 
follow-up evaluations. However, the long-term patency 
of  stented cerebral arteries and rates of  recurrent stroke 
remain unclear. For these reasons, a multi-disciplinary 
approach to patients with symptomatic ICAD is impor-
tant to achieve optimal outcomes across the spectrum of  
cerebrovascular occlusive diseases.
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Abstract
The main purpose of imaging evaluation in male infer-
tility is to identify and treat correctable causes of infer-
tility, such as obstruction of the seminal tract. Various 
imaging modalities are available to evaluate men with 
obstructive infertility including scrotal ultrasonography, 
transrectal ultrasound (TRUS), vasography, magnetic 
resonance imaging, seminal vesicle aspiration, seminal 
tract washout, and seminal vesiculography. To date 
the most reliable and accurate diagnostic technique for 
obstructive infertility is unclear. In this review article, 
we report the role of these modalities in diagnosis of 
obstructive infertility. Scrotal sonography is the initial 
modality, and if patient results indicate non obstruc-
tive azoospermia as varicocele or testicular pathology 
they will be treated according to standard protocols for 
management of these pathologies. If the patient find-
ings indicate proximal obstructive azoospermia, they 
can be managed by vasoepididymostomy. If the scrotal 
ultrasound is normal, TRUS is the second imaging mo-
dality. Accordingly, they are classified into patients with 
criteria of obstructive infertility without urogenital cysts 
where TRUS-guided aspiration and seminal vesiculog-
raphy can be performed and transurethral resection of 
the ejaculatory ducts (TURED) will be the management 
of choice. In patients with urogenital cyst, TRUS-guid-
ed cyst aspiration and opacification are performed. If 

the cyst is communicating with the seminal tract, man-
agement will be transurethral incision of the cyst. If 
the cyst is not in communication, the obstruction may 
be relieved after cyst aspiration. If the obstruction is 
not relieved, TURED will be the management of choice. 
Sperm harvested during aspiration may be stored and 
used in assisted reproduction techniques. If the results 
of TRUS are inconclusive or doubtful, endorectal mag-
netic resonance imaging should be performed to serve 
as a “detailed map” for guiding corrective operative 
interventions.
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INTRODUCTION
Fertility is a two-person phenomenon and successful 
conception depends on a complex set of  interactions 
between the male and the female reproductive tracts. 
Infertility is defined as failure to conceive after 1 year of  
unprotected intercourse. Infertility is a relatively common 
problem that affects approximately 15% of  the repro-
ductive age range population[1]. More couples now seek 
infertility evaluations, which may reflect the increased 
availability of  infertility-related services and an increased 
media focus on medical advances in reproductive tech-
nology. Male and female factors coexist in about one 
third of  cases, whilst one third of  cases are secondary to 
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male factors only[2]. Therefore the man should be evalu-
ated concurrently with the woman, since a male factor 
is the primary or contributing cause in 40% to 60% of  
cases. In addition to detecting treatable abnormalities, 
evaluation of  the infertile man is critical to uncover life-
threatening problems associated with the symptom of  
infertility, as well as genetic conditions associated with 
male infertility that could be transmitted to offspring 
with assisted reproduction. New diagnostic tests have 
been developed and surgical techniques refined resulting 
in improved treatment results and patient care[3].

A large body of  literature describes the causes, inves-
tigations, and treatment of  infertility. This paper reviews 
the causes of  infertility in men with obstruction of  the 
seminal tract, describes medical imaging investigations, 
and suggests guidelines for referral to infertility specialists.

CAUSES OF MALE INFERTILITY
Male infertility has many causes, which may be pre-tes-
ticular, testicular, and post-testicular. From the practical 
point of  view, abnormalities that cause testicular failure 
and impaired spermatogenesis cannot be corrected while 
obstructive processes involving the sperm transport 
system are potentially correctable. Post-testicular causes 
include obstruction of  the sperm delivery route (male 
factor obstructive infertility) anti-sperm antibodies and 
retrograde ejaculation[4]. Obstruction can occur at any 
level either proximal, affecting the epididymis or distal, 
affecting the ejaculatory duct[5,6].

It is important to distinguish non-obstructive azo-
ospermia from obstructive azoospermia, because infertile 
men with obstructive azoospermia may be amenable to 
surgical or interventional correction. On the other hand, 
in those with primary testicular failure, it may be reason-
able to proceed directly to an advanced assisted reproduc-
tive technique such as intracytoplasmic sperm injection[7]. 
Obstruction of  the seminal tract represents 6% of  cases[3]. 
Men with obstructive azoospermia typically have normal-
sized testes, possible epididymal fullness, and a normal 
serum follicle stimulating hormone (FSH). Men with non-
obstructive azoospermia present frequently with small or 
soft testes and an elevated FSH[8-10].

Seminal tract obstruction can be classified according 
to the level of  obstruction, into proximal seminal tract 
obstruction, including epididymis and scrotal portions of  
the vas deferens and distal seminal tract obstruction in-
cluding inguinal, pelvic and ampullary portions of  the vas 
deferens, and ejaculatory ducts. Pathology from complete 
ejaculatory duct obstruction (EDO) occurs in < 1% of  
infertile men, whereas the frequency of  incomplete ob-
structive pathologies is reportedly 4.4%[11]. Seminal tract 
obstruction may be congenital or acquired. Congenital 
causes include atresia or stenosis as well as midline pros-
tatic cystic lesions, e.g. utricular, Müllerian and ejaculatory 

duct cysts. Acquired causes may be of  inflammatory or 
traumatic origin, including calculus formation and steno-
sis after transurethral resection of  the prostate[5].

Fortunately, fifty percent of  the causes of  male infer-

tility are potentially correctable[12]. The main purpose of  
imaging evaluation in cases of  male infertility is to iden-
tify these correctable causes. Treatment of  correctable 
male-factor pathology is cost effective, does not increase 
the risk of  multiple births, and can spare the woman 
invasive procedures and the potential complications as-
sociated with assisted reproductive technologies[13]. 

MEDICAL IMAGING IN MALE INFERTILITY
Various imaging modalities are available to evaluate men 
with obstructive infertility such as scrotal ultrasonogra-
phy, transrectal ultrasound (TRUS), vasography, magnet-
ic imaging resonance, seminal vesicle aspiration, seminal 
tract washout (STW), and seminal vesiculography. The 
imaging and analysis of  infertility in males has become 
more common in recent years. The practicing radiologist 
should be familiar with the evaluation of  the infertile 
man and the common radiologic findings and disease 
processes associated with infertility[14-16].

Scrotal ultrasound
Ultrasound (US) is a widely used and well tolerated imag-
ing modality for evaluation of  pathologic conditions in 
male factor infertility. Recent technical advances in US 
applications and post processing developments have en-
abled new aspects in the structural and functional analysis 
of  testicular tissue, varicocele and seminal tract. US is 
being used with increased frequency in the evaluation of  
the infertile male. Scrotal US is considered the primary 
imaging modality for the evaluation of  scrotal abnormali-
ties[17-19]. Scrotal US can be helpful in determining whether 
azoospermia is non-obstructive or obstructive, because it 
can directly detect abnormalities in the testis, mediastinum 
testis, epididymis, and the proximal vas deferens.

Scrotal US findings in non obstructive Azoospermia: 
Testicular pathologies causing infertility include; cryptor-
chidism, atrophy, torsion/infarction, inflammation,mumps, 
tuberculosis, neoplasm, trauma, microlithiasis, hydrocele, 
and varicocele. Varicoceles are the most frequent physical 
finding in infertile men; indeed, they may be responsible 
for nearly one-third of  cases of  male infertility[20]. Scrotal 
US is a good diagnostic tool for diagnosis of  varicocele 
(sensitivity 97%, specificity 94%)[21]. The commonly ac-
cepted color Doppler US criterion for varicocele with a 
maximal vein diameter of  3 mm or greater had a sensitiv-
ity of  53% and specificity of  91% compared to physical 
examination[22]. Varicocele management, however, has al-
ways been a controversial issue because very few random-
ized, controlled studies have been performed to examine 
varicocelectomy as an infertility treatment. Significant evi-
dence suggests that varicoceles have a harmful effect on 
the testis and that varicocelectomy can not only prevent 
progressive decline in testicular function but also reverse 
the damage[23-25]. 

However, the degree to which varicocele repair im-
proves pregnancy rates and the success of  assisted re-
productive technology remains controversial. Varicoceles 
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are associated with infertility but the significance of  this 

relationship is uncertain; surgical or radiological repair 
of  varicoceles is not recognized as appropriate treatment 
for infertility[20,26-29]. 

Scrotal US is used to examine the testes in at least 
two planes, the transverse and longitudinal; the size is 
measured and the echotexture is evaluated[30]. Recent 
technical advances in US applications and post pro-
cessing developments have enabled new aspects in the 
structural and functional analysis of  testicular tissue and 
therefore male fertility[31]. 

Testicular volume measured by testicular US correlates 
significantly with testicular function. Increased resis-
tive index and pulsatility index of  capsular branches of  
the testicular arteries on unenhanced color Doppler US 
examination may be an indicator of  impaired testicular 
microcirculation[19]. Also, if  a testis is non-palpable, scrotal 
US can determine whether it is congenitally absent, crypt-
orchid, atrophic, or ectopic[18].

Scrotal US findings in obstructive Azoospermia: Scro-
tal US can directly demonstrate abnormalities in the 
proximal portion of  the seminal duct and can also depict 
secondary changes of  the proximal seminal duct caused 
by obstruction in the distal part of  the seminal duct. 
Evaluation of  the proximal genital duct and measurement 
of  testicular volume with scrotal US are helpful in distin-
guishing obstructive azoospermia from nonobstructive 
azoospermia in infertile men. Testicular volume measured 

at scrotal US is higher for obstructive azoospermia than 
for nonobstructive azoospermia. The median testicular 
volume in obstructive azoospermia was 11.6 mL (range, 
7.7-25.8 mL) and that in nonobstructive azoospermia was 
8.3 mL (range, 1.2-16.4 mL) (P < 0.05)[7]. 

Scrotal US also can diagnose obstruction in an azo-
ospermic patient by directly demonstrating dilatation in 
the proximal seminal duct (mediastinum testis, epididymis, 
and intrascrotal portion of  the vas deferens) as seen in 
Figure 1. The epididymal abnormalities depicted with 
scrotal US are significantly associated with obstructive 
azoospermia (P = 0.001)[7]. Scrotal US may also depict 
secondary changes of  the proximal genital duct caused 
by distal genital duct obstruction (terminal vas deferens, 
ampulla of  the vas deferens, seminal vesicle, and ejacu-
latory duct)[26]. Thus, evaluation of  the epididymis and 
testicular volume with scrotal US are important in distin-
guishing obstructive azoospermia from nonobstructive 
azoospermia in infertile men. Sensitivity, specificity, and 
accuracy of  scrotal US for differentiation of  obstructive 
from nonobstructive azoospermia were 82.1%, 100% 
and 87.5%, respectively[7].

TRUS 
TRUS can clearly visualize the distal genital tract as vassal 
ampullae, seminal vesicles and ejaculatory ducts (Figure 2).  
Seminal vesicles are thought to be normal when > 25 mm 
in length, hypoplastic when > 16 mm but < 25 mm and 
atrophic when < 16 mm. TRUS proved to be a reliable 
diagnostic tool in men with obstructive infertility, espe-
cially when combined with seminal analysis. TRUS is most 
commonly performed if  the diagnosis of  distal seminal 
tract obstruction is being considered[5,32]. The role TRUS is 
now firmly established in diagnosing post testicular causes 
of  infertility. 

Pathologic findings were detected in 75% of  patients 
with azoospermia on TRUS. However TRUS did not 
reveal any pathologies in 64.7% of  patients with nona-
zoospermia. The incidences of  hypoplastic/atrophic 
seminal vesicles and vasal agenesis were significantly 
higher in the azoospermic subgroup (P < 0.002)[33].

Currently, the most important indication for TRUS 
to assess for obstruction and the absence or hypoplasia 
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Figure 1  Ultrasound of both testes (sagittal images) demonstrates ectasia 
of the testes with formation of intratesticular cysts. These finding are 
suggestive of a seminal tract obstructive etiology which should be managed by 
epididymo-vasotomy.

Figure 2  Transrectal ultrasound (TRUS) in the axial plane showed normal 
both vasal ampullae (V) and seminal vesicles (SV).
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of  the seminal vesicles and the ejaculatory ducts, is low 
ejaculate volume. TRUS has proved invaluable in visual-
izing and evaluating the patency of  the ductal system. 
The advantage of  TRUS is that it is non invasive, well ac-
cepted by patients and aids in visualizing the normal and 
abnormal seminal vesicles, the vasa deferentia, ejaculatory 
ducts and the prostate. Congenital abnormalities of  the 
vas are the most common finding on TRUS in men with 
azoospermia and low ejaculate volume. Agenesis of  the 
vas deferens is reported to occur in between 1.0%-2.5% 
of  cases. It may be partial, complete, unilateral or bilater-
al. Other vasal abnormalities that may be seen on TRUS 
in infertility are: echogenic vas (fibrosis, calcification), 
cysts of  the vas deferens and calculi (Figure 3). Obstruc-
tive findings are also seen in seminal vesicles secondary 
to midline urogenital cysts as utricle and Mullerian duct 
cysts. Seminal vesicles are thought to be absent when no 
tissue is identified. Seminal vesicular cysts are commonly 
congenital rather than acquired. The obstructed ejacula-
tory duct as seen as a hypoechoic tubular structure, is best 
seen in the saggital plane. The US features of  EDO are: 
ejaculatory duct cyst, calcification, dilatation and seminal 
vesicular dilatation[17]. Transrectal ultrasonography is the 
initial investigation method used to visualize and locate 
the presence of  a cyst or calcifications that may contrib-
ute to the obstruction. Transurethral resection of  the 
ejaculatory ducts (TURED) represents the best treatment 
modality, resulting in marked improvement in the semen 
parameters and pregnancy rate in well selected cases[34].

Vasography
Traditionally vasography (vesiculodeferentography) has 
been considered the gold standard radiological imaging 
modality used for evaluation of  the patency of  the seminal 
tract (Figure 4). It can clearly demonstrate the site of  ob-
struction along the seminal tract (Figure 5). Unfortunately, 
it has the complication of  possible iatrogenic vasal stric-
ture[35]. This complication has narrowed its clinical use in 
obstructive infertility. Vasography has been considered the 
reference standard for the evaluation of  the distal genital 
duct, but is an invasive procedure which carries the risk 
of  genital duct scarring. Vasography was used in the past 
to evaluate suspected cases of  obstruction of  the seminal 
ducts. Over the years, numerous attempts have been made 
to improve the technique used to perform this examina-
tion and to render it less invasive. Bilateral dilatations of  
the seminal vesicles and/or dilated ejaculatory ducts with 
no contrast flow into the urethra are the common findings 
of  complete EDO on vasography. In contrast, vasography 
may not always confirm a diagnosis of  partial EDO, as 
the contrast medium used in this method may pass into 
the bladder on partial obstruction, similar to the flow seen 
in patients with no obstruction[36,37]. Currently, the use of  
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Figure 3  Twenty five years infertile man with azospermia. A: Multiple 
calculi within the SV and V; B: Bilateral echogenic calculi impacted within the 
ejaculatory ducts (arrows).

SV

V V

SV

B

A

SV

UB

Figure 4  Percutaneous vasography shows normal right sided vasogram 
with opacification of the right vas (arrowhead), SV and ejaculatory duct 
(arrow) with retrograde opacification of the urinary bladder (UB).

SV

Figure 5  Percutaneous right vasography in a patient with obstructed 
infertility shows complete obstruction of the ejaculatory duct with retention 
of the dye in the vas (arrowhead) and SV and non opacification of the 
urinary bladder.
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vasography is indicated in selected cases, where it is com-
bined with functional studies like STW and followed by 
immediate interventions to correct the obstruction[38]. 

STW
In cases of  distal seminal tract obstruction, there are 
retained spermatozoa within the seminal tract anywhere 
downstream of  the epididymis. In these instances the 
technique of  STW may be useful. This technique in-
volves cannulation of  the vas deferens and subsequent 
antegrade washing of  the vas with collection of  sperm 
from the bladder[36-40]. The advent of  TRUS has greatly 
facilitated the accurate diagnosis of  distal seminal tract 
obstruction being less invasive. TRUS can provide infor-
mation about the exact location of  any cyst, or the level 
of  obstructed ejaculatory duct, which is very helpful 
during TURED[32].

Endorectal magnetic resonance imaging 
In patients with male infertility, endorectal surface coil 
magnetic resonance imaging (MRI) is superior to TRUS in 
delineating the anatomy of  the prostate and distal seminal 
tract (vassal ampullae, seminal vesicles and ejaculatory 
ducts) due to its high soft tissue contrast and multiplanar 
capability. A MR image serves as a “detailed map” for 
guiding interventional diagnostic or corrective procedures. 
Pitfalls in the interpretation of  MR images can be avoided 
by familiarity with normal and abnormal findings in pa-
tients with male infertility[41,42].

Causes of  male infertility like Wolffian duct abnor-
malities include agenesis of  the kidney, vas deferens, or 
seminal vesicle and cysts of  the vas deferens, seminal 
vesicle, or urogenital sinus-ejaculatory duct. Müllerian duct 
abnormalities such as müllerian duct cysts and utricle cysts 
can be easily diagnosed by MRI. MRI can clearly demon-
strate the level and cause of  EDO (Figure 6). However, 
endorectal MR imaging is expensive and less available 
than TRUS and should be reserved for selected patients 
in whom results of  TRUS are not conclusive[34]. TRUS is a 
good method for initial evaluation of  infertile patients es-
pecially those with complete obstruction. Endorectal MR 

imaging should be reserved for selected patients in whom 
results of  TRUS are not conclusive[42]. Recently, with the 
increased awareness of  functional obstruction of  ejacula-
tory ducts, reports have been focusing on the diagnosis of  
partial or functional obstruction and abnormalities of  the 
ejaculatory duct related to infertility by increased use of  
magnetic resonance imaging[43]. Pathologic findings were 
detected in 61% of  patients with azoospermia by MR 
imaging. MR imaging did not reveal any pathologies in 
59.1% of  patients with nonazoospermia[33].

TRUS-guided seminal vesiculography 
TRUS-guided seminal vesiculography is a technique that 
couples US with radiography to evaluate male-factor 
infertility. Seminal vesiculography is performed after 
needle puncture of  the seminal vesicle to inject contrast 
material for radiography (Figure 7). Seminal vesiculog-
raphy has helped imaging of  the distal male reproduc-
tive tract (vas deferens, seminal vesicles, and ejaculatory 
ducts)[39,44]. TRUS has also been used to guide aspiration 
of  seminal vesicles to diagnose EDO. The presence of  
sperm in the aspirated fluid documents the presence 
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SV

UB

Figure 6  TRUS-right seminal vesiculography shows normal opacification 
of right SV and ejaculatory duct (arrow). The injected dye is seen in the 
posterior urethra and UB denoting patency of the right ejaculatory duct.

Figure 7  A 29-year-old man with primary obstructive infertility. TRUS 
(upper image) and endorectal magnetic resonance imaging (middle image) 
show a well-defined midline urogenital cyst with intra-and extraprostatic 
components. TRUS-seminal vesiculography (lower image) shows the seminal 
vesicle is communicating with the urogenital cyst with non opacification of the 
urethra or urinary bladder denoting complete distal obstruction (N.B. the left vas 
and seminal vesicles were absent). Trans-urethral incision of the cyst lead to 
improvement of sperm count.
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of  obstruction, confirms the presence of  intact sper-
matogenesis, and rules out more proximal obstruction. 
Normal fertile men do not have significant numbers of  
motile sperm in the seminal vesicles immediately after 
ejaculation but, in the presence of  an anatomical or 
functional distal obstruction, sperm reflux may occur 
and sperm can be detected within the seminal vesicles. 
The presence of  more than three motile sperm per 
high-power field in the seminal vesicle aspirate obtained 
immediately after ejaculation indicates obstruction[39,45]. 
A the comparative analysis done by Purohit et al[32], com-
pared the four common diagnostic tests used to evaluate 
patients with distal seminal duct obstruction which are 
TRUS and three dynamic tests (chromotubation, semi-
nal vesicle aspiration and seminal vesiculography). They 
concluded that TRUS alone has poor specificity for di-
agnosis of  distal seminal duct obstruction as obstruction 
on TRUS was confirmed in only 52%, 48% and 36% 
of  vesiculography, seminal vesicle aspiration and duct 
chromotubation studies, respectively. Thus incorpora-
tion of  dynamic tests into the algorithm for diagnosis of  
distal seminal duct obstruction may decrease unnecessary 
duct resection procedures and improve the success of  the 
resection procedures that are indicated. Some urogenital 
cysts communicate with the seminal tract and if  TRUS-
guided aspiration is done for these patients it reveals the 
presence of  sperm (Figures 7 and 8). In other patients the 
ejaculatory ducts are compressed and obstructed by virtue 
of  the urogenital cysts (Figure 9) and after cyst aspiration, 
the compression is released and EDO is relieved[46]. 

TRUS alone is not a reliable tool for the diagnosis of  
EDO. For this reason, seminal vesicle aspiration should be 
used as an adjunctive technique in patients with seminal 
vesicle dilation or a prostatic midline/ED cyst to confirm 
the diagnosis before surgery. Engin et al[33], studied 70 pa-
tients with suspected EDO; they found 55 patients (78.6%) 
had evidence of  EDO on diagnostic TRUS. However, 
obstruction on TRUS was confirmed in 49.1% (27 of  55) 
of  the patients with seminal vesicle aspiration.

TREATMENT OF MALE OBSTRUCTIVE 
INFERTILITY
Management of  patients with obstructive disorders of  
the seminal tract is one of  the most rapidly growing 
fields in medicine in recent years. Numerous changes in 
diagnostic and therapeutic decision-making strategies for 
these patients have been made. Seminal tract obstruc-
tion is one of  the correctable causes of  male infertility.
Treatment for proximal seminal tract obstruction is by 
vasoepididymostomy anastomosis operation to over-
come the obstruction. Vasoepididymostomy has a lower 
cost burden per birth than does intracytoplasmic sperm 
injection, and natural pregnancy initiated with surgical 
correction may filter some chromosomal or genetic ab-
normalities. Moreover, epididymal damage that can hap-
pen during sperm retrieval could be prevented[7].

The treatment of  choice for distal seminal tract ob-
struction is TURED. Approximately half  of  the men 
undergoing this procedure for EDO show improvement 
of  their semen parameters and half  of  the men who 
improve achieve a subsequent pregnancy[11]. Although 
the assisted reproduction technique (ART) has been 
considered the cutting edge in management of  male in-
fertility in recent years, men should investigate the cause 
of  their male factor infertility for many reasons. In ad-
dition to detecting treatable abnormalities, evaluation of  
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SV

Figure 8  A 33-year-old man with primary infertility. TRUS-guided contrast 
opacification of midline prostatic cyst shows the presence of a large cyst 
communicating on the right side with the right vas (arrowhead) and right SV. 
On the left side the cyst is communicating with a blind tubular structure (arrow), 
which proved to be an ectopic short ureter of a hypoplastic left kidney.

Figure 9  A 27-year-old with primary infertility. A: TRUS shows a 3 cm ×  
2 cm thin walled midline intraprostatic urogenital cyst; B: TRUS-guided contrast 
opacification of the cyst revealed that the cyst was blind with no communication 
with the seminal tract. Semen analysis showed improvement of the sperm 
count 3 d after complete cyst aspiration.

Cyst

Cyst

B

A

Donkol RH. Imaging in male obstructive infertility



178 May 28, 2010|Volume 2|Issue 5|WJR|www.wjgnet.com

the infertile man is critical to uncover life-threatening 
problems associated with the symptom of  infertility, as 
well as genetic conditions associated with male infertility 
that could be transmitted to offspring with assisted re-
productive techniques[3]. Analysis of  the genetic factors 
that impact male factor infertility will provide valuable 
insights into the creation of  targeted treatments for pa-
tients and the determination of  the causes of  idiopathic 
infertility. Novel technologies that analyze the influence 
of  genetics from a global perspective may lead to further 
developments in the understanding of  the etiology of  
male factor infertility through the identification of  spe-
cific infertile phenotype signatures[47,48].

CONCLUSION
Thorough evaluation of  infertile men is mandatory to 
identify patients with potentially correctable defects such 
as obstructive infertility from patients with nonobstruc-
tive azoospermia to eliminate unnecessary investigations 
and interventions. 

In men with the clinical and laboratory findings of  
suspected seminal tract blockage, scrotal sonography 
should be the initial diagnostic procedure performed. If  
they have findings of  non obstructive azoospermia such 
as varicocele or testicular pathology they will be managed 
according to the standard protocol for management of  
these pathologies. If  the patients have findings of  proxi-
mal obstructive azoospermia they can be managed surgi-
cally by vasoepididymostomy. If  the scrotal US is normal 
or they have findings of  distal obstructive azoospermia, 
they should be evaluated by TRUS. According to the 
TRUS results, the patients are classified into patients with 
sonographic criteria of  obstructive infertility without uro-
genital cysts where TRUS-guided aspiration of  the seminal 
vesicles is performed and TURED will be the manage-
ment of  choice. If  a urogenital cyst is seen by sonography, 
TRUS-guided cyst aspiration and contrast opacification 
are performed. If  the cyst is communicating with the 
seminal tract, management will be transurethral incision 
of  the cyst. If  the cyst is not in communication, obstruc-
tive infertility may be relieved after cyst aspiration. If  the 
obstruction is not cured, TURED will be the management 
of  choice. Also, sperm harvested during TRUS-guided 
aspiration may be stored and used for the ART which is 
the cutting edge in management of  male infertility. If  the 
results of  TRUS are inconclusive or doubtful, endorectal 
MRI should be performed to serve as a “detailed map” for 
guiding interventional diagnostic or corrective procedures.
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Abstract
Magnetic resonance (MR) imaging has been increasing-
ly used in the evaluation of prostate cancer. As studies 
have suggested that the majority of cancers arise from 
the peripheral zone (PZ), MR imaging has focused on 
the PZ of the prostate gland thus far. However, a con-
siderable number of cancers (up to 30%) originate in 
the transition zone (TZ), substantially contributing to 
morbidity and mortality. Therefore, research is needed 
on the TZ of the prostate gland. Recently, MR imag-
ing and advanced MR techniques have been gaining 
acceptance in evaluation of the TZ. In this article, the 
MR imaging features of TZ prostate cancers, the role 
of MR imaging in TZ cancer detection and staging, and 
recent advanced MR techniques will be discussed in 
light of the literature.
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INTRODUCTION
It is important to localize prostate gland tumors to evalu-
ate the transcapsular spread and staging in order to plan 
treatment protocols and avoid positive anterior surgical 
margins during radical prostatectomy. Prostate cancer 
arises from the peripheral zone (PZ) in 75%-85% of  
patients[1]. Cancers arising from the transition zone (TZ) 
represent 40% of  autopsy series and 25%-30% of  radical 
prostatectomy series[1]. The utility of  magnetic resonance 
(MR) imaging in prostate cancer is currently under investi-
gation, and it has been shown to be an excellent technique 
for evaluating prostate cancers, particularly PZ cancers[2,3]. 
As TZ cancers are less frequent than PZ cancers, MR im-
aging in TZ cancers has not been widely used. However, 
recent studies attempting to identify MR characteristics of  
the TZ, by means of  emerging techniques, have shown 
that MR can be used to delineate TZ cancers accurate-
ly[4-7]. Herein, the MR imaging features of  TZ tumors, the 
role of  MR imaging in detection and staging, and recent 
advanced MR techniques in the evaluation of  TZ cancers 
will be discussed including a review of  literature.

ANATOMY AND MR IMAGING OF THE 
PROSTATE GLAND 
According to zonal anatomy, the prostate is composed 
of  anterior fibromuscular stroma, periurethral glandular 
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tissue, the TZ, central zone (CZ) and PZ. The TZ is the 
inner prostate and forms 5% of  the gland. It surrounds 
the anterior and lateral parts of  the proximal urethra. 
In younger men this zone is small, however, with aging 
it enlarges and compresses the CZ due to hyperplastic 
changes. The CZ is the outer prostate forming approxi-
mately 25% of  the gland in young men[8]. It is less clearly 
distinguished histologically from the PZ. The PZ is the 
outer prostate and forms 70% of  the gland[8]. Radiologi-
cally, the prostate has been divided into two parts: the 
PZ and the central gland which is composed of  the PZ, 
TZ and CZ[9]. In young men, the gland is mainly com-
posed of  the CZ. With aging, the TZ is enlarged due to 
benign prostatic hyperplasia (BPH) which commonly 
arises from the TZ[10]. 

MR imaging enables differentiation between the PZ, 
CZ and TZ. In young adults, normal prostate is homog-
enous, whereas with aging the differentiation between 
the PZ and the central gland is more clearly depicted. T1-
weighted (T1W) images distinguish between the prostatic 
parenchyma and the surrounding periprostatic fat and 
vascular plexus. On T1W images, the homogenous gland 
has an intermediate-to-low signal intensity, and zonal dif-
ferentiation can not be identified[11]. Post-biopsy hemor-
rhage has high signal-intensity on T1W images. On T2-
weighted (T2W) images, better tissue differentiation is 
achieved and zonal anatomy is better depicted[12]. As the 
glandular components are more prominent in the PZ, 
it has a homogeneously high signal intensity and is sur-
rounded by a capsule which is seen as a thin, hypointense 
rim on T2W images. Both the CZ and TZ are hypoin-
tense compared to the PZ because of  their stroma which 
consists of  compact muscle fiber bundles. MR also en-
ables multiplanar imaging of  the prostate (Figure 1). 

MR imaging has been increasingly used in the evalua-
tion of  prostate cancer[13-18]. It enables multiplanar imaging 
and is superior to ultrasound and computed tomography 
in anatomic and volumetric evaluation of  the gland[19]. It 
is more accurate than digital rectal examination and tran-
srectal ultrasound (TRUS)-guided biopsy for cancer detec-
tion and localization. In a recent study, the detectability of  

prostate cancer using MR imaging prior to TRUS-guided 
biopsy was determined by calculating the sensitivity and 
positive predictive value of  TRUS, T2W imaging, diffu-
sion weighted imaging (DWI), apparent diffusion coeffi-
cient (ADC) map and biopsy[20]. The relationship between 
the detectability on each sequence and cancer location, 
Gleason score, and the short and long axis diameter of  
the tumor were also evaluated. The sensitivities were 
26.9%, 41.2%, 56.7%, 57.7% and 75.1%, respectively. 
The sensitivity of  each sequence increased as the Glea-
son score and the short- and long-axis diameters of  the 
tumors increased. It was stated that MR imaging prior to 
biopsy has a high detectability for prostate cancer. MR im-
aging is used to guide targeted biopsy when prostate can-
cer is clinically suspected and previous ultrasound-guided 
biopsy results are negative. MR imaging also enables the 
localization and staging of  prostate cancer. The high soft 
tissue resolution of  MR imaging helps to show extracap-
sular extension and seminal vesicle invasion. It may be 
used in planning a roadmap for therapeutic approaches 
and for residual or locally recurrent cancer after treatment. 
MR imaging has mainly been used as a diagnostic tool for 
the detection of  PZ cancers[18-21]. It is considered insuf-
ficient for evaluating the TZ, as BPH, which causes a het-
erogenous signal intensity, especially in elderly men, also 
originates from the TZ leading to conspicuous findings 
on T2W images[2,22,23]. Recent studies using MR imaging 
of  TZ cancers have shown that it can be used in the de-
tection of  TZ tumors that are not sampled during TRUS-
guided biopsy and also for localization and staging[4]. 

MR IMAGING OF TZ CANCERS
Prostate cancer begins as a small focus of  carcinoma 
within the gland which grows very slowly[24]. Approxi-
mately 75%-85% of  cancers arise from the PZ, 25% 
arise from the TZ and 10% arise from the CZ[1,25,26]. As 
there is no clear demarcation between the CZ and the 
PZ, most pathologists do not routinely recognize tumors 
as originating from the CZ. For that reason, compari-
son is generally focused on the distinctions between PZ 
and TZ cancers. TZ tumors are located anteriorly, far 
from the rectum and they are more difficult to detect 
compared to PZ tumors. These tumors can be of  a large 
volume and are associated with high serum prostate 
specific antigen (PSA) levels but they are confined to the 
gland[27]. They are mostly low grade and relatively non-
aggressive. Most TZ tumors are found incidentally in 
resection specimens. It is important to accurately distin-
guish TZ cancers to guide biopsy and to avoid positive 
anterior surgical margins at radical prostatectomy. 

Currently, the PZ is the primary target in most bi-
opsies[28]. However, in patients with elevated PSA levels 
with negative biopsy results, it should be kept in mind 
that the tumor focus may be in the central gland. There-
fore, it has been suggested that TZ-targeted biopsy 
should be performed in patients with multiple negative 
biopsy results. As a result, although tumor zonal origin is 
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Figure 1  Magnetic resonance (MR) images demonstrating zonal anatomy 
of prostate gland. A: Axial T2-weighted (T2W) MR image depicts the central 
gland and peripheral zone (PZ). Central gland is hypointense compared to 
hyperintense PZ; B. Coronal T2W MR image shows hyperintense PZ and 
hypointense central gland.
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not an independent determinant of  biochemical failure, 
it is helpful in predicting the route of  cancer spread. If  
the zonal origin can be determined preoperatively, the 
cure rate may be increased by modification of  the surgi-
cal approach. 

The central gland has a heterogeneously variable signal 
intensity appearance in older men due to the presence of  
BPH or other coexisting benign diseases. BPH nodules 
occur almost exclusively in the TZ. As hypertrophied TZ 
tissue might also show metabolic heterogeneity similar 
to BPH nodules, it may be difficult to differentiate them 
from carcinoma. Discrimination between BPH and cen-
tral gland tumors is important for staging. BPH is an en-
largement of  the TZ (central gland) which gives a hetero-
geneous appearance on MR imaging[29,30]. BPH nodules 
may be seen as hypointense, isointense or hyperintense 
on T2W images, depending on the ratio of  glandular 
to stromal tissue[31]. It has been shown that, high signal 
intensity is due to hyperplastic glandular elements which 
are filled with secretion and the presence of  cystic ectasia 
(Figure 2A). Low signal intensity is due to the presence 
of  prominent sclerotic, fibrous or muscular elements[22,29] 
(Figure 2B).

TZ cancers tend to have uniform low intensity on T2W 
imaging, but their diagnosis is not certain in the presence 
of  coexisting benign disease[31,32] (Figure 2C and D). It 
has been shown that, unless cancers in the TZ are of  a 
large dimension, their detection on MR imaging is very 
difficult[33]. Akin et al[4] determined the accuracy of  MR 
imaging in detection and local staging in 148 patients. 
Features indicative of  TZ cancers were defined as: ho-
mogenous low T2 signal intensity, ill defined margins, 
lack of  capsule, lenticular shape, and invasion of  anterior 
fibromuscular stroma. For identification of  patients with 

TZ cancer, the sensitivity of  MR imaging was 75%-80% 
and the specificity was 78%-87%. The area under the 
receiver operating characteristic curve was 0.75 for detec-
tion and localization of  tumor. For detection of  extra-
prostatic extension, the sensitivity and specificity of  MR 
imaging were 28%-56% and 93%-94%, respectively. Li 
et al[5] determined the conventional MR findings of  TZ 
lesions in 86 patients, of  which 53 were cancers and 33 
were benign, by comparing T2W and contrast-enhanced 
T1W images. Lesions were classified as uniform, low sig-
nal intensity on T2W images, lesions with homogeneous 
contrast enhancement and lesions with irregular margins 
on both gadolinium enhanced T1 and T2W images. 
Sensitivity, specificity and accuracy for cancer were 50%, 
51% and 51%, respectively, for the uniform low T2 signal 
intensity criterion; 68%, 75% and 71% for homogeneous 
gadolinium enhancement; 60%, 72% and 65% for ir-
regular margins on both T2W and gadolinium enhanced 
images. 

ADVANCED MR TECHNIQUES 
TZ cancers are difficult to diagnose particularly in the 
presence of  BPH. Even in the PZ, some cancers such as 
those with a more permeative pattern can not be detected. 
Moreover, focal prostatic atrophy or prostatitis may also 
mimic cancer and may cause false-positive results. To 
increase the accuracy of  MR imaging and to improve the 
detection of  prostate cancer at an earlier stage, special 
techniques such as DWI, dynamic contrast-enhanced 
MR imaging (DCE-MRI), MR spectroscopy (MRS) and 
high-field-strength (3.0-T) MR imaging have been in-
creasingly used. It has also been shown that these tech-
niques may play a role in the detection of  prostate tumor 
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Figure 2  Axial T2W MR image. A: Multiple, well defined 
hyperintense glandular benign prostatic hyperplasia (BPH) 
nodules in central gland (arrows); B: Well defined, amorphous, 
hypointense TZ tumor (arrows); C: Hypointense stromal BPH 
nodule in the right transition zone (TZ) (arrow); D: Hypointense 
TZ tumor with extracapsular extension (arrows).
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foci in patients with persistently elevated PSA levels and 
prior to negative random TRUS-guided biopsy[34].

DWI
DWI is a technique sensitive to molecular translation of  
water in biologic tissues due to the random thermal mo-
tion of  molecules. The rapid changes in the movement of  
water in tissues and the measurement of  the flow of  wa-
ter molecules can be identified by calculating the ADC[35]. 
When the flow of  water or diffusion is restricted, ADC 
is decreased. If  ADC values are increased, there is no 
restriction in water flow. The ADC has been determined 
for tumor growth. It has been shown that, in proliferating 
cells, cellular density increases and extra- as well as intra-
cellular space decreases leading to decreased ADC[36]. In 
recent years, an increased number of  studies have evalu-
ated the utility of  DWI in prostate cancer diagnosis[37-44]. 
It has been shown that cancer tissues show higher signal 
intensity on DWI and thus a lower ADC compared with 
BPH nodules and normal tissue due to replacement of  
normal tissue (composed of  water rich acinar structures) 
with densely packed malignant epithelial cells. TZ tumors 
have also been shown to have lower ADC values than the 
surrounding tissue[37] (Figure 3). Namiki et al[45] stated that 
different b factors may effect the detection of  tumors. 
Noworolski et al[41] showed that glandular-ductal tissues 
(glandular BPH) had lower peak enhancement and higher 
ADC values than the stromal-low ductal tissues (stromal 
BPH and central gland). Oto et al[46] showed significant 
ADC differences between tumor, stromal BPH and glan-
dular BPH (lowest in tumor, highest in glandular BPH). 
These authors stated that there were differences between 
the perfusion parameters of  tumor, stromal and glandular 
BPH, with the exception of  the k-trans values between 
tumor and glandular BPH. Tamada et al[47] compared the 
ADC values in peripheral and transitional zones between 
normal and malignant prostatic tissues. Mean ADC values 
were significantly lower in both the PZ and TZ than in 
the corresponding normal regions. Ren et al[48] investigated 
the diagnostic value of  DWI and ADC values in normal 
and pathologic prostate tissues. They showed that BPH 
nodules had a lower and non-homogenous signal intensity 
than the PZ. Prostate cancer showed high signal intensity 

while prostate cyst showed low intensity. ADC values of  
BPH nodules were larger than prostate cancer foci and 
normal central gland. They stated that DWI and ADC 
values for normal central gland, PZ, prostate cyst, BPH 
nodules and cancer foci showed significant differences 
and could be used in the differential diagnosis of  diseases 
of  the prostate gland. Yoshizako et al[6] determined the 
clinical value of  DWI and DCE-MRI in combination 
with T2W images, for the diagnosis of  TZ tumors. They 
found that adding DWI to T2W images improved the 
sensitivity, specificity, accuracy and positive predictive 
value of  diagnosing TZ tumors. In a recent study, the 
need for biexponential signal decay modeling for pros-
tate cancer diffusion signal decays with b-factor over an 
extended b-factor range was evaluated. The researchers 
found that the fast and slow ADC values of  cancer were 
significantly lower than those of  the TZ and PZ, and 
the apparent fraction of  the fast diffusion component 
was significantly smaller in cancer than in the PZ. It was 
stated that biexponential diffusion decay functions were 
required for prostate cancer diffusion signal decay curves 
when sampled over an extended b-factor range, enabling 
specific tissue characterization of  prostate cancers[49].

DCE-MRI
DCE-MRI was introduced to effectively visualize the 
pharmacokinetics of  gadolinium uptake in the prostate 
gland. It depicts the physiological function of  the tumor 
microcirculation. There is a relationship between contrast 
material uptake and microvascular structures in tumors, 
in which tumor angiogenesis is correlated with the pa-
rameters of  signal intensity-time curves. As the reliability 
of  T2W MR imaging in distinguishing prostate cancer 
of  the PZ and TZ is limited, several studies have been 
performed to delineate the enhancement characteristics 
of  prostate cancer to achieve more accurate informa-
tion[2,50-53]. In a recent study, the accuracy of  T2W and 
DCE-MRI for cancer detection in 18 prostate cancer 
patients were compared prior to prostatectomy[54]. The 
accuracy of  DCE-MRI for cancer detection was calcu-
lated by a pixel-by-pixel correlation of  quantitative DCE-
MRI parameter maps and pathology. It was shown that 
DCE-MRI was more sensitive than T2W images for 
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Figure 3  Tumor in the left mid prostate gland demonstrated by MR. A: Axial T2W image shows ill defined, amorphous, hypointense tumor (arrows); B: Diffusion 
weighted imaging (DWI) reveals focal area of bright signal consistent with tumor(arrow); C: Apparent diffusion coefficient (ADC) map reveals clear focal mass with 
dark signal consistent with decreased ADC (arrow).
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tumor localization (50% vs 21%) and more specific (85% 
vs 81%). The researchers stated that due to its higher sen-
sitivity and specificity, DCE-MRI could be used to guide 
radiotherapy boosts in prostate cancer patients. Due to 
increased microvessel density (MVD) in carcinomatous 
tissue, the enhancement curve of  prostate tumors was 
shown to be different when compared to the PZ and 
BPH. Engelbrecht et al[55] found that in both the PZ and 
TZ, the relative peak enhancement was the optimal pa-
rameter when compared to other parameters such as on-
set time, time to peak, peak enhancement and wash-out. 
Yoshizako et al[6] stated that the addition of  DCE-MRI 
to T2W images and DWI improved the specificity and 
positive predictive value of  diagnosing TZ cancer (93.8% 
and 94.7%, respectively). Turnbull et al[2] found significant 
differences in amplitude of  the initial enhancement and 
wash-out patterns between carcinoma and BPH. In both 
the PZ and the central gland, relative peak enhancement 
was the optimal parameter. The combination of  relative 
peak enhancement with other dynamic parameters (onset 
time, time to peak, peak enhancement, and washout) did 
not yield a significant gain in discriminatory performance. 
Ogura et al[56] demonstrated a sensitivity, specificity and 
accuracy rate of  37%, 97% and 63%, respectively, for the 
detection of  TZ cancer. In another study, it was shown 
that the glandular-ductal tissues had lower peak enhance-
ment than the stromal-low ductal tissues suggesting that 
gadolinium-DTPA does not enter healthy prostatic tis-
sues[2]. Ren et al[57] examined DCE-MRI parameters in 21 
patients with prostate cancer and 29 patients with BPH 
by means of  signal intensity-time curves and angiogen-
esis. Prostate cancer showed stronger enhancement with 
an earlier peak time, higher enhancement and enhance-
ment rate. The vascular endothelial growth factor (VEGF) 
and MVD expression levels in cancer were higher than 
in BPH. They found a negative correlation between peak 
time and the expression levels of  VEGF and MVD, how-
ever, the degree of  enhancement and enhancement rate 
showed positive correlations. 

In cancerous tissues, there is uncontrolled angiogenesis 
and the permeability of  vascular structures is markedly 

increased resulting in significantly different pharmacoki-
netics compared to surrounding normal tissue. Pharma-
cokinetic parameter mapping clearly identifies pathologic 
areas in heterogeneously enhanced prostate. K-trans maps 
enable the identification of  tumor within heterogeneously 
enhanced PZ and can reveal the extent of  extra-glandular 
involvement. These maps may also be useful in providing 
a biopsy target and in revealing intra-tumoral heterogene-
ity (Figure 4). 

MRS
MRS imaging is an emerging technique used in combina-
tion with MRI in the evaluation of  prostate cancer[58-63]. 
This technique allows the metabolites within tissues to 
be identified and provides information on the biochemi-
cal and metabolic environment of  tissues. As prostate is 
composed of  different types of  glands and tissues, it is 
difficult to study the gland using MRS. However; there 
are sophisticated chemical shift filtering techniques and 
three dimensional chemical shift imaging which allow 
examination of  the entire prostate at one time and the 
selection of  particular chemicals for diagnosis[59,64]. It 
has been shown that stromal and glandular tissue have 
the same resonances with different relative peak height 
intensities[65]. In addition, it has been stated that citrate is 
produced by glandular epithelial cells and the amount of  
glandular elements can affect tissue citrate levels. Glandu-
lar BPH has higher levels of  citrate than stromal BPH[66]. 
It has also been stated that citrate levels show the degree 
of  tissue differentiation, in that poorly differentiated 
tumors have lower citrate levels than well differentiated 
tumors[67]. Healthy PZ is known to have high citrate con-
tent, whereas in cancer tissues, the resonance signal from 
citrate is reduced or even absent. Adenocarcinomatous 
tissue in the prostate gland also shows a similar spectrum 
to adenocarcinoma in other organs (except for citrate)[68], 
which show elevated choline relative to creatine due to 
the increased cell proliferation associated with malignant 
tumors[69]. In their series performed in 40 patients, Zakian 
et al[7] studied the mean values of  choline + creatine/ci-
trate, choline/creatine and choline/citrate in TZ cancer 
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Figure 4  Left TZ tumor of prostate gland demonstrated by MR. A: Axial T2W image depicts ill defined, round, homogenous hypointense tumor (arrows); B: DWI 
depicts focal area of bright signal on left mid gland (arrow); C: K-trans map in dynamic contrast-enhanced MR imaging (DCE-MRI) clearly localizes the  tumor and 
reveals some internal heterogeneity.
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and normal tissue, in which a significant difference was 
found. It was shown that 56% of  patients had tumor 
voxels with at least one detectable choline peak, while 
control voxels showed only choline peaks.

3.0-T MR imaging
High-field-strength MR imaging has recently been investi-
gated in prostate imaging. The introduction of  3.0-T MR 
scanners has resulted in an increase in the in-plane resoluti-
on of  anatomic T2W imaging due to higher signal to noise 
ratio. Higher magnetic field strengths have been shown to 
enable structural imaging of  the prostate with improved 
spatial resolution leading to improved detection and stag-
ing of  PZ tumors[70-72]. Moreover, functional imaging 
such as DWI, DCE-MRI or MRS at high field strength is 
thought to improve the detection of  CZ and TZ cancers, 
prevent false-positive diagnoses and help less experienced 
readers to improve their local staging performance[73,74].

CONCLUSION 
TZ cancers demonstrate similar imaging features to BPH 
and are therefore more difficult to diagnose on MR imag-
ing. However, certain imaging features (alone or in com-
bination) on multi-parametric MR imaging can help in 
the differentiation between cancerous and benign TZ tis-
sue. MR imaging can also provide reliable local staging of  
TZ cancers. By the addition of  emerging MR techniques, 
such as DWI, DCE-MRI, MRS and high-field-strength 
(3.0-T) MR imaging to standard T2W images, MR imag-
ing has now become a promising technique in the evalua-
tion of  TZ tumors. 
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Abstract
“Dural tail sign” (DTS) which is a thickening of the dura 
adjacent to an intracranial pathology on contrast-en-
hanced T1 MR Images, was first thought to be pathog-
nomonic of meningioma, however, many subsequent 
studies demonstrated this sign adjacent to various intra- 
and extra-cranial pathologies and in spinal lesions. In this 
paper we outline the history, accompanying pathologies 
and the differentiation and probable pathophysiology of 
DTS. We also discuss whether we can predict tumoral 
involvement of the dural tail before surgery and whether 
the dural tail adjacent to a tumor should be resected.
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HISTORY AND DEFINITION
“Dural tail sign” (DTS), “dural thickening”, “flare sign”, 
“meningeal sign” are similar terms describing thicken-
ing of  the dura adjacent to an intracranial neoplasm 
on contrast-enhanced T1 MR images (Figures 1 and 2).  
Although this sign has been used in spinal meningioma 
in the literature, we only use it for intracranial lesions[1]. 
Nowadays the term DTS is frequently used as in this ar-
ticle. The above-mentioned terms were first described in 
meningioma by Wilms et al[2] in 1989. In 1990 the triple 
criteria for DTS were established by Goldsher et al[3] as: (1) 
Presence of  at least two consecutive sections through the 
tumor at the same site in more than one imaging plane; 
(2) Greatest thickness adjacent to the tumor and tapering 
away from it; and (3) Enhancement more intense than 
that of  the tumor itself. 

The criteria established by Goldsher et al[3] are still the 
most useful in describing DTS. Nowadays, as imaging 
slices tend to be less than 5 mm, there should always be 
at least three sections showing the dural tail, depending 
on the slice thickness[4]. 

No equivalent sign has been described in post-con-
trast CT scans. Post-contrast CT can show dural thicken-
ing in 8% of  MR proven DTS[3,5]. 

Takeguchi et al[6] evaluated the ‘‘dural tail’’ associated 
with 48 intracranial meningiomas on fluid-attenuated 
inversion-recovery (FLAIR) and contrast-enhanced T1-
weighted images. They noted that the DTS, which was 
identified on contrast-enhanced magnetic resonance im-
aging (MRI), was also observed in all the cases of  DTS 
on FLAIR images, and concluded that FLAIR imaging 
is useful for showing dural abnormalities associated with 
meningiomas without the need for contrast medium. 
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DTS PATHOLOGIES AND THEIR 
DIFFERENTIAL DIAGNOSIS
At the time of  DTS description and criteria formation, 
DTS was thought to be pathognomonic of  meningioma, 
however, many subsequent studies also demonstrated 
this sign adjacent to various intra- and extra-cranial pa-
thologies as well as spinal lesions.

So far, DTS has been reported in primary and sec-
ondary central nervous system (CNS) lymphoma, chloro-
ma, metastasis (extra- and intra-axial), multiple myeloma, 
glioblastoma multiforme (GBM), aspergillosis, chordoma, 
schwannoma, pleomorphic xanthoastrocytoma (PMX), 
hemangiopericytoma, Wegener’s granulomatosis, sarcoid-
osis, medulloblastoma, eosinophilic granuloma, pituitary 
adenoma, pituitary apoplexy, and Erdheim-Chester dis-
ease[7-24]. DTS can be seen in all locations of  the dura ad-
jacent to meningioma in the falx, tentorium and cerebral 
convexities[3,25]. DTS is less frequently seen in posterior 
fossa and cystic meningioma[3]. Meningioma in the cer-
ebellopontine (CPA) can show DTS extending to the in-
ternal auditory canal and can be mistaken for an acoustic 
neurinoma[26]. CPA meningiomas sometimes show the 
DTS but with less enhancement than the primary tumor 
itself. Previous studies indicated that the DTS has a sen-
sitivity of  58.6% and a specificity of  94.02% for the diag-
nosis of  meningioma[5]. Primary CNS lymphoma is most 
frequently caused by B cell lymphoma and can be dural-
based and can be mistaken for meningioma because of  
homogenous enhancement and typical DTS. Hodgkin 
lymphoma is a very rare tumor and can mimic menin-
gioma in T1 enhanced MRI because of  a dural-based le-
sion and DTS[6,8,27,28]. Dural-based metastasis and cortical 
intraparenchymal metastasis can show DTS. DTS is most 
often seen in prostate and neuroblastoma metastasis but 
has been reported in papillary adenocarcinoma, broncho-
genic tumors and nasopharynx neoplasms[8,29]. 

GBM as one of  the most frequent intraparenchymal 
tumors, can extend to the dura and rarely shows dural 
thickening and DTS. So far no case with tumoral involve-
ment of  DTS has been reported in patients suffering 
from GBM with DTS[8,30]. 

Adenoid cystic carcinoma, a neoplasm arising from 
the salivary glands can involve intracranial structures by 
perineural spread. Dural involvement and DTS have also 
been reported in this neoplasm[4,10]. 

Chloroma can mimic meningioma because of  dural 
mass and typical DTS[31]. Hemangiopericytoma can mim-
ic meningioma with positive DTS on imaging but its ag-
gressive behavior, loss of  calcification and heterogenous 
enhancement can differentiate it from meningioma[11].

Intracranial chordoma is seen more often in sphenoi-
dal and occipital regions. DTS has been rarely reported 
in intracranial chordoma[13]. 

An acoustic neuroma arises from the vestibular por-
tion of  the 8th cranial nerve and can locate in the acoustic 
canal, CP angle or both. CPA acoustic neuroma can mim-
ic meningioma as an extra-axial mass lesion with positive 

DTS, but its hypersignal intensity in T2 sequence and nar-
rower dural attachment can differentiate this tumor from 
meningioma[14,32,33].

Intraparenchymal schwannoma is a relatively uncom-
mon neoplasm and DTS has been reported in one case 
of  intraparenchymal schwannoma[34]. 

PMX, which is more often seen in cortical regions, 
typically contains a prominent cystic component and a 
mural nodule, and sometimes involves the adjacent dura 
and shows positive DTS but its cystic component, mural 
nodule and T2 signal should differentiate it from menin-
gioma[15,35]. 

Wegner’s granulomatosis can involve the dura and 
intracranial structures and presents with positive DTS 
adjacent to the PNS sinuses[17,36]. 

Erdheim-Chester disease, a histiocytic granulomatosis 
with both intra- and extra-axial structures involvement, 
has been reported to show positive DTS in post-contrast 
T1. DTS has also been reported in other granulomato-
sis diseases (eosinophilic granulomatosis and sarcoid-
osis)[18,24,37].

Although most authors believe that the DTS adjacent 
to a sellar mass suggests meningioma, dural thickenings 
and positive DTS can be seen adjacent to pituitary ad-
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Figure 1  A 65-year-old woman with meningioma and adjacent hyperostosis. 
Arrows indicates “dural tail sign”.

Figure 2  Imaging findings of pituitary macroadenoma. A: T1W sagittal MRI of 
brain shows a Pituitary macro-adenoma with extension to the suprasellar cistern; 
B: After gadolinium injection enhancement is noted in periphery of tumour and 
dura of dorsum sella (arrows), enhancement is greater than that of the tumour 
itself. Biopsy proved prolactinoma.
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enomas in 30% of  cases. This sign mostly extends into 
the planum sphenoidale and carotid sulcus. DTS can also 
be detected adjacent to pituitary apoplexy[13,19,21,38]. The pi-
tuitary gland can be involved in an inflammatory process 
(hypophysitis). Hypophysitis is rarely reported to present 
with positive DTS[20]. 

Gumma, an inflammatory involvement of  CNS struc-
tures in tertiary syphilis, is seen as an intra-axial peripher-
ally located mass lesion, however, extra-axial mass lesions 
have been reported and can show DTS mimicking menin-
gioma in these lesions[7,39]. 

Cavernous hemangioma rarely arises from the dura 
mater, causing adjacent dural thickening and DTS. Dural 
cavernous hemangioma mostly involves the sinus cav-
ernous dura[23].

DTS has also been reported adjacent to a posterior ce-
rebral artery aneurysm and in one case of  post-operative 
cerebral aspergillosis[10,22]. 

Positive DTS has been reported in three cases of  me-
dulloblastoma[40,41], two cases of  multiple myeloma present-
ing with extra-axial dural tumors[42,43], one case of  primary 
rhabdomyosarcoma[44], one case of  solitary fibrous tumor[45] 
and one case of  papillary middle ear tumor with dural in-
vasion[7].

PATHOPHYSIOLOGY
In contrast to the worldwide accepted diagnostic criteria 
of  DTS, its pathophysiology has not been uniformly es-
tablished. 

It should be noted that DTS is not always due to 
enhancement of  the dura adjacent to tumors. Kuroiwa 
et al[46] reported a glioma extending into the subarach-
noid space, and a meningioma extending to the subdural 
space and their MRI appearances mimicked the DTS[46].

Wilms et al[2] first reported that thickening of  the dura 
mater represented neoplastic infiltration in or on the sur-
face of  the dura in three cases of  meningioma with DTS, 
and described the DTS as indicating tumor invasion. On 
the other hand, Tokumaru et al[47] found only increased 
loose connective tissue, hypervascularity and dilated 
vessels on histologic examination of  the enhanced me-
ninges adjacent to four meningiomas. Although two pa-
tients showed tumor cell infiltration of  the dura mater in 
this study, tumor cell infiltration was restricted to within 
1 mm of  the junction of  the dura with the meningioma, 
therefore it was suggested that the dural tail mainly rep-
resented reactive changes to the meningioma and not 
necessarily neoplastic involvement. Subsequently several 
other histologic studies of  the dural tail were described 
as reactive changes[8,25,26]. Kawahara et al[48] examined the 
point of  attachment of  the tumor and the adjacent dura 
mater in seven patients with DTS and suggested the 
pathophysiology of  the DTS as follow; “initially tumour 
cells invade vessels and pack them at the point of  tu-
mour attachment; then, vessel congestion is induced in 
the adjacent dura mater, as a result of  which it enhances 
markedly, giving rise to the DTS”. In a histological study 
on 17 patients with DTS, Rokni-Yazdi et al[49] reported 

that vascular dilatation was seen in all dural tails which 
is similar to that of  Kawahara et al[48]; however, unlike 
Kawahara’s study, tumoral invasion of  the dura at its 
point of  attachment to the tumor was only reported in 
34.1% of  cases, so 65.9% of  cases did not have invasion 
and packing of  vessels at the point of  dural attachment 
(Figure 3). This was against the Kawahara et al[48] hypoth-
esis regarding the etiology of  DTS in all cases; although 
it may explain the etiology of  DTS in those cases with 
invasion of  the dura beneath the tumor. We suggest that 
invasion of  dural vessels by tumor cells and packing at 
the point of  tumor attachment, reactive hypervascular-
ity and tumoral invasion of  the dura are three different 
pathophysiologies of  the DTS. Since its description in 
1989, only about 80 DTS have been pathologically evalu-
ated and of  this relatively small number of  pathologic 
exams, the DTS has been involved with tumoral cells in 
more than 50% of  published examinations and the rest 
of  the pathologic examinations have described vascular 
congestion and inflammation[2,3,5,25,26,47-51]. 

IMAGE PREDICTION OF TUMORAL 
INVOLVEMENT IN DTS
Takeguchi et al[6] in their study on ‘‘dural tail’’ associ-
ated with 48 intracranial meningiomas on FLAIR and 
contrast-enhanced T1-weighted images, evaluated the 
histology of  five cases with abnormal dura mater.

The dural tail was resected, and infiltration of  tumor 
cells and the changes in reactivity were assessed patho-
logically and compared to the MRI findings.
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Figure 3  Pathological finding of dural tail sign. A: A 58-year-old female with 
a tentorial meningioma and dural tail sign; B: Pathology specimen in this case 
showed a meningioma (arrow) and the attached dura. The dural tail is noted on 
the right side of the figure (arrowhead). Both the dura beneath the tumor and 
dural tail contain dilated blood vessels (arrow). There is no dural invasion. HE 30 ×.
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The results suggested that in the patient without tu-
mor infiltration, the signal of  the dural tail was very high 
on contrast-enhanced T1-weighted and FLAIR images[6]. 
Rokni-Yazdi et al[49] in their study on 129 patients with 
intracranial lesions in which the histology of  17 cases 
with DTS was evaluated and compared with contrast-
enhanced T1 weighted MRI findings, found that pre-
operative clinical and imaging criteria did not predict the 
tumoral involvement of  DTS. 

Age, sex of  patient, pattern of  enhancement after 
contrast injection, size of  primary neoplasm and the size 
of  the DTS itself  could not predict tumoral invasion 
into the DTS[49]. It is controversial as to whether the dura 
mater showing the tail sign should be resected to prevent 
recurrence. Kawahara et al[48] suggested that removal of  
the DTS is not a significant factor in recurrence of  me-
ningioma. Rokni-Yazdi et al[49] in their study on a limited 
number of  patients with extra-axial tumor and DTS 
showed that if  the dura below the tumor showed tu-
moral cells involvement, the dural tail was also involved 
and if  the dura below the primary tumor was free of  
tumoral cells, the dural tail was also spared. Because of  
this strong correlation, the authors suggested that in the 
case of  extra-axial tumoral resection without dural tail 
resection, if  the dura below the tumor has tumoral cells 
involvement then the risk of  recurrence may increase. 
However, further studies are needed to confirm this. 

CONCLUSION
DTS is not pathognomonic of  meningioma, and various 
intra- and extra-cranial as well as spinal pathologies can 
present with this sign on contrast-enhanced T1 MR Imag-
es. DTS can also be found on FLAIR images in nearly all 
cases of  DTS proven by contrast-enhanced T1-weighted 
images. However, post-contrast CT can only show dural 
thickening in a minority of  MR proven DTS. 

DTS is not always due to enhancement of  the dura 
adjacent to tumors. There are reports of  tumors extend-
ing into the subarachnoid and subdural spaces which can 
mimic the DTS on contrast-enhanced T1 MR Images. 
DTS has been involved with tumoral cells in more than 
50% of  published examinations and the remaining patho-
logic examinations have described vascular congestion 
and inflammation. There is still controversy as to whether 
pre-operative criteria can predict tumoral involvement of  
DTS and whether surgical resection of  DTS is mandatory. 
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Abstract
Computed tomography (CT)-guided lung biopsy is a 
common diagnostic procedure that is associated with 
various complications, including pneumothorax, he-
moptysis and parenchymal hemorrhage. Systemic air 
embolism is a very rare (0.07%) but potentially life-
threatening complication. We report a fatal case of air 
embolism to the cerebral and coronary arteries con-
firmed by head and chest CT, followed by a review of 
the literature.
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INTRODUCTION
Percutaneous computer tomography scan guided thoracic 
needle biopsy is a widely accepted and frequently per-
formed procedure for pulmonary lesions. Its rare compli-
cations such as pneumothoax, intraparenchymal hemor-
rhage and hemoptysis are usually conservatively treated 
with minimal intervention. Systemic air embolus is an ex-
tremely rare complication that is potentially fatal, reported 
to be around 0.02% to 0.07%[1-7], with a probably higher 
incidence since it can be undiagnosed in asymptomatic 
patients. We present a case of  a fatal systemic air embolus 
complicating a percutaneous computed tomography (CT) 
scan-guided trans-thoracic needle biopsy, performed for a 
suspicious lung lesion.

CASE REPORT
Our patient is a 76-year-old veteran with known diabetes 
mellitus, hyperlipidemia and a history of  chronic obstruc-
tive pulmonary disease and pulmonary fibrosis. A recent 
CT showed a 3.5 cm round mass in the anterior aspect of  
the left upper lobe, with few enlarged mediastinal lymph 
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nodes. A positron emission tomography CT was obtained 
and demonstrated strong increased radiotracer uptake 
within the mass, highly suspicious for primary lung malig-
nancy, without evidence for loco- regional or distant me-
tastases. A CT guided biopsy of  the lesion was requested. 

The patient requested to be sedated. The anesthesiol-
ogy team was consulted to monitor the patient during the 
biopsy. The procedure was performed by an experienced 
radiologist; the instrument used was a coaxial 17 gauge 
introducer with an 18 gauge core biopsy needle (Temno, 
Cardinal Health system, McGaw Park, IL). The patient 
was placed in a decubitus position, and was instructed not 

to breathe during the introduction and advancement of  
the needle, during exchanging stylet with the core biopsy 
needle, during obtaining specimen by pressing the plunger 
and during removal of  the needle and then replacement 
of  the stylet. After a sample was obtained, the core needle 
biopsy was removed and the stylet was immediately re-
inserted (Figure 1). As the sample was being transferred 
into formalin, the anesthesiologist noted that the patient 
was bradycardic and he became unresponsive. He was im-
mediately placed on increased oxygen and bag ventilated 
and the anesthesiologist started reversing his sedation. 

A chest and head CT were immediately obtained. The 
chest CT images demonstrated a small amount of  air in 
the epicardium, probably in the peripheral coronary vessels 
(Figure 2) without evidence of  pneumothorax. The head 
CT showed a large amount of  air along the subarachnoid 
spaces and peripheral vessels over the left cerebral con-
vexity, in the frontal, parietal and temporal occipital lobes, 
which were interpreted as gas emboli (Figure 3). 

The patient was stabilized and then transferred to a 
regional hospital for hyperbaric oxygen therapy, where he 
received treatment for 4 h. A repeat post-treatment head 
CT showed resolution of  the air emboli but demonstrat-
ed subtle hypodensities in the left cerebral hemisphere 
involving the frontal and parietal lobes with slight sulcal 
effacement suggesting subacute ischemic changes. Mag-
netic resonance imaging could not be performed given 
the instability of  the patient. The patient was readmitted 
to our hospital with residual right-sided deficit and agita-
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Figure 1  Chest computed tomography (CT) demonstrates the left upper 
lobe mass during the biopsy. The mass abuts the chest wall with mild adjacent 
emphysematous changes without large bullae.

Figure 2  Axial images in soft tissue and lung window through the lower 
mediastinum, display a small amount of air in the epicardium (arrows), 
thought to be along the peripheral coronary vessels.

Figure 3  Head CT in brain and soft tissue windows demonstrates abnormal 
air along the left vertex subarachnoid spaces and cortical vessels (arrows), 
suggesting air embolus.
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tion. His stay was complicated by diffuse alveolar hem-
orrhage. The patient who had already signed a Do Not 
Resuscitate order, died 16 d after the biopsy.

DISCUSSION
Percutaneous needle biopsies of  lung lesions are com-
monly used and are usually regarded as safe procedures 
with limited morbidity and extremely rare mortality. Most 
frequent complications are pneumothoax (27%), pulmo-
nary bleeding (11%) and hemoptysis (7%)[1-3]. These are 
usually conservatively treated and self-resolving. Other 
rare complications include systemic air embolus, tumor 
implantation and empyema. Systemic air emboli are ex-
tremely rare with a published incidence of  0.02% from 
a lung biopsy survey in the United Kingdom to 0.07% 
in the literature[2-6], but are serious and can be fatal. To 
our knowledge, 19 cases have been published in the last  
30 years. 

Air in the pulmonary venous system embolizes main-
ly to coronary and cerebral arteries. Only 2 mL of  air 
injected into cerebral circulation can be fatal, and 0.5 to 
1.0 mL injected into pulmonary veins can cause cardiac 
arrest from coronary embolism[4].

There are three possible ways air can be introduced 
into the pulmonary venous system during percutaneous 
needle biopsy of  the lung. First, air may directly enter the 
pulmonary system through the needle, if  the needle is 
placed into a pulmonary vein while the base is exposed 
to the atmosphere when the stylet is removed, and the 
atmospheric pressure exceeds the pulmonary veins pres-
sure, as may occur during deep inspiration. Second, air 
may be introduced into the pulmonary arterial circulation 
and then reach the pulmonary veins by traversing the pul-
monary microvasculature. Third, a needle may penetrate 
simultaneously at an air-containing space, such as a near-
by pulmonary alveolar space, bronchus, cavity or air cyst, 
and a nearby pulmonary vein, which can create a commu-
nicating fistula. Then cough, straining or valsalva maneu-
vers can increase the pressure in the air-containing space, 
resulting in air embolus[2-11]. Some factors are thought to 
be contributors: coughing during the procedure, positive-
pressure ventilation, a needle tip placed within pulmonary 
veins and procedures performed for a cystic or cavitary 
lesion and in patients with vasculitis[8].

Some authors postulated an increased probability of  
gas embolus related to the size of  the needle and the co-
axial techniques, since larger needles have an increase risk 
of  involvement a pulmonary vein and the coaxial method 
increases the risk of  contact with the atmosphere after re-
moval of  the internal stylet. However, a number of  report-
ed cases have described systemic air embolus with smaller 
needles and without the use of  coaxial method, question-
ing any relationship between the two factors[6].

Diagnosis of  a systemic air embolus is difficult. It is 
mainly clinically suspected, based on the deterioration of  
the patient’s neurologic and cardiovascular status. Brain 
and chest CT scan can provide a definitive diagnosis by 

showing air bubbles in cerebral vessels, aorta, left atrium 
and ventricle or pulmonary veins. Coronary embolism 
may cause myocardial ischemia, decreased myocardial 
function, and sudden death. Cerebral air embolus may 
cause focal defects, seizure, and coma. An ophthalmos-
copy examination may demonstrate air bubbles in the 
retinal vessels[4]. Some authors reported that systemic 
air embolus is underestimated since it is undiagnosed in 
asymptomatic patients[6,12]. The initial treatment consists 
of  immediate administration of  100% oxygen, and plac-
ing the patient in the left lateral decubitus position with 
lowering of  the head[4-6,11,12]. 

Hyperbaric oxygen therapy is considered the first line 
therapy for systemic air embolism, by reducing bubble 
volume and improving tissue oxygenation. The size of  a 
gas bubble is inversely proportional to ambient pressure 
at constant temperature[13]. Breathing 100% oxygen at 
a pressure above that of  the atmosphere decreases the 
size of  gas bubbles by raising ambient pressure and also 
causes systemic hyperoxia[6,8,14,15]. Hyperoxia produces 
diffusion of  oxygen into the bubble and nitrogen out, 
and also allows a large quantity of  oxygen to dissolve 
in the plasma and increases oxygen diffusion in tissues. 
Furthermore, it prevents cerebral edema by reducing the 
permeability of  blood vessels while supporting integrity 
of  blood-brain barrier[6,9,14].

With cerebral embolism, immediate hyperbaric ther-
apy was reported to decrease the mortality rate to 7%[4,7]. 
Although immediate treatment is recommended, delayed 
hyperbaric oxygen therapy may also increase survival and 
decrease the neurologic deficit, even many hours after the 
incidence, because air bubbles have been demonstrated at 
48 h after initial events[4]. In our case, the follow-up CT 
scan after hyperbaric oxygen treatment showed complete 
resolution of  the cerebral air embolus and the patient 
started to regain some of  his neurological function. His 
death is thought to be related to his pulmonary hemor-
rhage, rather than to his cerebral air embolus.

Several considerations have been recommended to 
reduce the risk of  air embolus, such as avoiding biopsy 
through a cystic or cavitary lesion or bullous lung paren-
chyma, using a stylet and keeping an occluded hollow at 
all times, requesting the patient to stop breathing when 
manipulating the biopsy kit and to restrain from cough-
ing and straining, and penetrating the least amount of  
parenchyma to reach the lesion[7].

In our case, the patient did not cough and was in-
structed to stop breathing during a critical part of  the 
procedure yet this complication still occurred. CT-guided 
lung biopsy is routinely performed in our institution by 
an experienced radiologist and such complications never 
occurred before, which leads us to believe that this dan-
gerous complication can happen in spite of  long experi-
ence and meticulous care.

Despite the rarity of  this dangerous and eventually 
fatal complication, radiologists should be aware of  the 
possibility of  systemic air embolus after lung biopsy and 
should be ready to provide emergent management for the 
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treatment of  the patient. Although several recommenda-
tions and precautions have been proposed to reduce the 
risk of  this complication, it may be inevitable and can oc-
cur despite long experience and meticulous care. 
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Albuquerque, NM, United States 
2010 SNM Conjoint Mid-Winter 
Meetings

January 29-30
Barcelona, Spain
7th European Congress: Perspectives 
in Gynecologic Oncology 

February 7-12
Vail, CO, United States 
15th Annual Vail 2010: Multislice CT 
in Clinical Practice 

February 11-13
Las Vegas, NV, United States
5th Annual Symposium on PET/CT 
and Molecular Imaging

February 16-19
Park City, UT, United States 
6th Interventional/
Neurointerventional Conference

February 18-19
London, United Kingdom 
Diagnostic and Interventional 
Radiology 

February 18-21
Las Vegas, NV, United States 
American Society of Spine Radiology 
Annual Symposium

February 20-20
Jacksonville, Florida, United States 
Mayo Clinic Molecular Markers and 
Management of Breast Cancer

February 20-21
Bethesda, Maryland, United States
25th Anniversary Washington 
Neuroradiology Review

February 21-26
Orlando, FL, United States 
The Abdominal Radiology Course

February 21-27
Snowmass, CO, United States 
16th Annual Snowmass 2010: 
Clinical Ultrasound 

February 22-26
Bethesda, MD, United States 
48th Annual Dr. Kenneth M. Earle 
Memorial Neuropathology Review

February 24-27
Lake Buena Vista, FL, United States 
ACRO 2010 American College of 
Radiation Oncology Symposium: 
Clinical Radiation Oncology 
Challenges

February 25-27
Chandler, AZ, United States
Multidisciplinary Head and Neck 
Cancer Symposium

February 26-27
Brussels, Belgium 
10èmes Mises au Point en Imagerie 
Ostéo-Articulaire

February 27-March 1
Cairo, Egypt
7th Gastroenterology Hepatology & 
Endoscopy Symposium

February 28-March 4
Scottsdale, AZ, United States 
International Congress XXIII on 
Endovascular Interventions

February 28-March 5
Breckenridge, CO, United States 
5th Annual Breckenridge 2010: 
Musculoskeletal MRI 

March 3-6 
Las Vegas, Nevada, United States
11th Annual Advances in Breast 
Imaging and Interventions 

March 4-8
Vienna, Austria 
European Congress of Radiology 
(ECR 2010) Annual Meeting

March 5-7
Mt Tremblant, QC, Canada
Neuroimaging and Head & Neck 
Radiology Update in Mt Tremblant

March 7-11
San Diego, CA, United States 
SCBT-MR Masters in Body Imaging: 
"What's New, What's Hot, What You 
May Not Have Known"

March 10-13
San Antonio, Texas, United States 
Clinical Osteoporosis 2010: An 
ISCD-NOF Symposium

March 11-13
Barcelona, Spain
EORTC Group Meeting: EORTC 
Radiation Oncology Group

March 11-13
Hannover, Germany
40. Kongress der Deutschen 
Gesellschaft für Endoskopie und 
Bildgebende Verfahren e.V.

March 13-18
Tampa, FL, United states 
Society of interventional radiology 
35th Annual Scientific Meeting 

March 14-17
Park City, UT, United States
14th Annual Park City 2010: MRI in 
Clinical Practice

March 22-26
Beaver Creek, CO, United States 
NYU Radiology Spring Skiing 
Symposium in Beaver Creek

March 22-26
Maui, HI, United States
18th Annual Spring Diagnostic 
Imaging Update

March 24-27
San Diego, California, United States
2010 American institute of ultrasound 
in Medicine Annual Convention 
Preliminary Program

March 24-27
Barcelona, Spain
7th European Breast Cancer 
Conference

April 8-12
Shanghai, China
The 26th International Congress of 
Radiology

September 8-12
Guangzhou, China
Chinese Society of Interventional 
Radiology, 2010 CSIR

November 28-December 03
Chicago, United States
Radiological Society of North 
America: 2010 Annual Meeting
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Instructions to authors

GENERAL INFORMATION
World Journal of  Radiology (World J Radiol, WJR, online ISSN 
1949-8470, DOI: 10.4329), is a monthly, open-access (OA), 
peer-reviewed journal supported by an editorial board of  308 
experts in Radiology from 39 countries.

The biggest advantage of  the OA model is that it provides 
free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the 
propagation and communication of  scientific research results. 
The open access model has been proven to be a true approach 
that may achieve the ultimate goal of  the journals, i.e. the 
maximization of  the value to the readers, authors and society.

The role of  academic journals is to exhibit the scientific 
levels of  a country, a university, a center, a department, and 
even a scientist, and build an important bridge for com-
munication between scientists and the public. As we all know, 
the significance of  the publication of  scientific articles lies not 
only in disseminating and communicating innovative scientific 
achievements and academic views, as well as promoting the 
application of  scientific achievements, but also in formally 
recognizing the “priority” and “copyright” of  innovative 
achievements published, as well as evaluating research 
performance and academic levels. So, to realize these desired 
attributes of  WJR and create a well-recognized journal, the 
following four types of  personal benefits should be maximized. 
The maximization of  personal benefits refers to the pursuit of  
the maximum personal benefits in a well-considered optimal 
manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial 
board members: The primary task of  editorial board members 
is to give a peer review of  an unpublished scientific article via 
online office system to evaluate its innovativeness, scientific 
and practical values and determine whether it should be 
published or not. During peer review, editorial board members 
can also obtain cutting-edge information in that field at first 
hand. As leaders in their field, they have priority to be invited 
to write articles and publish commentary articles. We will put 
peer reviewers’ names and affiliations along with the article 
they reviewed in the journal to acknowledge their contribution; 
(2) Maximization of  the benefits of  authors: Since WJR is an 
open-access journal, readers around the world can immediately 
download and read, free of  charge, high-quality, peer-reviewed 
articles from WJR official website, thereby realizing the goals 
and significance of  the communication between authors 
and peers as well as public reading; (3) Maximization of  the 
benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, 
results, conclusion or facts and data of  pertinent literature so 
as to validate the innovativeness, scientific and practical values 
of  their own research achievements, thus ensuring that their 

articles have novel arguments or viewpoints, solid evidence 
and correct conclusion; and (4) Maximization of  the benefits 
of  employees: It is an iron law that a first-class journal is 
unable to exist without first-class editors, and only first-class 
editors can create a first-class academic journal. We insist on 
strengthening our team cultivation and construction so that 
every employee, in an open, fair and transparent environment, 
could contribute their wisdom to edit and publish high-quality 
articles, thereby realizing the maximization of  the personal 
benefits of  editorial board members, authors and readers, and 
yielding the greatest social and economic benefits.

The major task of  WJR is to rapidly report the most recent 
improvement in the research of  medical imaging and radiation 
therapy by the radiologists. WJR accepts papers on the following 
aspects related to radiology: Abdominal radiology, women 
health radiology, cardiovascular radiology, chest radiology, 
genitourinary radiology, neuroradiology, head and neck 
radiology, interventional radiology, musculoskeletal radiology, 
molecular imaging, pediatric radiology, experimental radiology, 
radiological technology, nuclear medicine, PACS and radiology 
informatics, and ultrasound. We also encourage papers that 
cover all other areas of  radiology as well as basic research.

The columns in the issues of  WJR will include: (1) Editorial: 
To introduce and comment on major advances and develop-
ments in the field; (2) Frontier: To review representative 
achievements, comment on the state of  current research, and 
propose directions for future research; (3) Topic Highlight: 
This column consists of  three formats, including (A) 10 invited 
review articles on a hot topic, (B) a commentary on common 
issues of  this hot topic, and (C) a commentary on the 10 
individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and 
provide strategies on how to solve the questions; (5) Guidelines 
for Basic Research: To provide guidelines for basic research; (6) 
Guidelines for Clinical Practice: To provide guidelines for clinical 
diagnosis and treatment; (7) Review: To review systemically 
progress and unresolved problems in the field, comment on 
the state of  current research, and make suggestions for future 
work; (8) Original Articles: To report innovative and original 
findings in radiology; (9) Brief  Articles: To briefly report the 
novel and innovative findings in radiology; (10) Case Report: 
To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in 
WJR, or to introduce and comment on a controversial issue of  
general interest; (12) Book Reviews: To introduce and comment 
on quality monographs of  radiology; and (13) Guidelines: To 
introduce consensuses and guidelines reached by international 
and national academic authorities worldwide on the research in 
radiology.
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SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, 
and start each of  the following sections on a new page: Title 
Page, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, References, Tables, Figures, 
and Figure Legends. Neither the editors nor the publisher 
are responsible for the opinions expressed by contributors. 
Manuscripts formally accepted for publication become the 
permanent property of  Beijing Baishideng BioMed Scientifc 
Co., Ltd., and may not be reproduced by any means, in whole or 
in part, without the written permission of  both the authors and 
the publisher. We reserve the right to copy-edit and put onto 
our website accepted manuscripts. Authors should follow the 
relevant guidelines for the care and use of  laboratory animals of  
their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International 
Committee of  Medical Journal Editors to refuse to publish 
papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now 
available, to our knowledge, is http://www. clinicaltrials.gov 
sponsored by the United States National Library of  Medicine 
and we encourage all potential contributors to register with it. 
However, in the case that other registers become available 
you will be duly notified. A letter of  recommendation from 
each author’s organization should be provided with the contri-
buted article to ensure the privacy and secrecy of  research is 
protected.

Authors should retain one copy of  the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained 
during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1949-8470office. Authors 
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1949-8470/
g_info_20100316162358.htm) before attempting to submit 
online. For assistance, authors encountering problems with the 
Online Submission System may send an email describing the 
problem to wjr@wjgnet.com, or by telephone: +86-10-59080036. 
If  you submit your manuscript online, do not make a postal 
contribution. Repeated online submission for the same manuscript 
is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must 
be submitted using word-processing software. All submissions 
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with 
ample margins. Style should conform to our house format. 
Required information for each of  the manuscript sections is as 
follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words 
should be provided.

Authorship: Authorship credit should be in accordance with 

the standard proposed by International Committee of  Medical 
Journal Editors, based on (1) substantial contributions to 
conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it 
critically for important intellectual content; and (3) final approval 
of  the version to be published. Authors should meet conditions 1, 
2, and 3.

Institution: Author names should be given first, then the com-
plete name of  institution, city, province and postcode. For ex-
ample, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, for 
example, George Sgourakis, Department of  General, Visceral, 
and Transplantation Surgery, Essen 45122, Germany; George 
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red 
Cross Hospital, Athens 15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and 
Wu XM designed the research; Wang CL, Zou CC, Hong F and 
Wu XM performed the research; Xue JZ and Lu JR contributed 
new reagents/analytic tools; Wang CL, Liang L and Fu JF 
analyzed the data; and Wang CL, Liang L and Fu JF wrote the 
paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, 
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts 
are acknowledged in each manuscript, and reviewers of  articles 
which were not accepted will be acknowledged at the end of  
each issue. To ensure the quality of  the articles published in 
WJR, reviewers of  accepted manuscripts will be announced 
by publishing the name, title/position and institution of  the 
reviewer in the footnote accompanying the printed article. For 
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute 
of  Digestive Disease, Shanghai, Affiliated Renji Hospital, 
Medical Faculty, Shanghai Jiaotong University, Shanghai, China; 
Professor Xin-Wei Han, Department of  Radiology, The First 
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan 
Province, China; and Professor Anren Kuang, Department of  
Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu, 
Sichuan Province, China.
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Abstract
There are unstructured abstracts (no more than 256 words) 
and structured abstracts (no more than 480). The specific 
requirements for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 
480 words should accompany each manuscript. Abstracts for 
original contributions should be structured into the following 
sections. AIM (no more than 20 words): Only the purpose 
should be included. Please write the aim as the form of  “To 
investigate/study/…; MATERIALS AND METHODS (no 
more than 140 words); RESULTS (no more than 294 words): 
You should present P values where appropriate and must 
provide relevant data to illustrate how they were obtained, e.g. 
6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communi-
cation and case reports, the main text should be structured into 
the following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in 
the main text or in Figures and Tables, but not in both. The 
main text format of  these sections, editorial, topic highlight, 
case report, letters to the editors, can be found at: http://www.
wjgnet.com/1949-8470/g_info_20100313183720.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the 
legend rather than on the bar itself. File names should identify 
the figure and panel. Avoid layering type directly over shaded or 
textured areas. Please use uniform legends for the same subjects. 
For example: Figure 1 Pathological changes in atrophic gastritis 
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the printed 
and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. 
Detailed legends should not be included under tables, but rather 
added into the text where applicable. The information should 
complement, but not duplicate the text. Use one horizontal line 
under the title, a second under column heads, and a third below 
the Table, above any footnotes. Vertical and italic lines should be 
omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 
aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and 
dP < 0.01 are used. A third series of  P values can be expressed 
as eP < 0.05 and fP < 0.01. Other notes in tables or under 
illustrations should be expressed as 1F, 2F, 3F; or sometimes 
as other symbols with a superscript (Arabic numerals) in the 
upper left corner. In a multi-curve illustration, each curve 
should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions should be included. Authors are responsible for 
obtaining written permission to use any copyrighted text and/
or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content 
or after the cited author’s name. For citation content which is 
part of  the narration, the coding number and square brackets 
should be typeset normally. For example, “Crohn’s disease 
(CD) is associated with increased intestinal permeability[1,2]”. 
If  references are cited directly in the text, they should be put 
together within the text, for example, “From references[19,22-24], 
we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and 
also ensure the spelling accuracy of  the first author’s name. Do 
not list the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference 
list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crossref.org/SimpleTextQuery/, respectively. The numbers 
will be used in E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 
first and middle initials. (For example, Lian-Sheng Ma is 
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of  
the cited article and italicized journal title (journal title should 
be in its abbreviated form as shown in PubMed), publication 
date, volume number (in black), start page, and end page 
[PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-
faced letters. The surname of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 
middle and first initials. (For example, Lian-Sheng Ma is 
abbreviated as Ma LS, Bo-Rong Pan as Pan BR) Book title. 
Publication number. Publication place: Publication press, Year: 
start page and end page.
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Format
Journals 
English journal article (list all authors and include the PMID where 

applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where 
applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4 Diabetes Prevention Program Research Group. Hyper-

tension, insulin, and proinsulin in participants with 
impaired glucose tolerance. Hypertension 2002; 40: 679-686 
[PMID: 12411462   PMCID:2516377   DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal authors and an organization as author 
5 Vallancien G, Emberton M, Harving N, van Moorselaar 

RJ; Alf-One Study Group. Sexual dysfunction in 1, 
274 European men suffering from lower urinary tract 
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability 

and safety of  frovatriptan with short- and long-term 
use for treatment of  migraine and in comparison with 
sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 
12028325   DOI:10.1046/j.1526-4610.42.s2.7.x]

Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

No volume or issue
9 Outreach: Bringing HIV-positive individuals into care. 

HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of  the liver and billiary 

system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: 
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March 
of  Dimes Education Services, 2001: 20-34

Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell 

tumours V. Proceedings of  the 5th Germ cell tumours 
Conference; 2001 Sep 13-15; Leeds, UK. New York: 
Springer, 2002: 30-56

Conference paper
14 Christensen S, Oppacher F. An analysis of  Koza's com-

putational effort statistic for genetic programming. In: 
Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, 
editors. Genetic programming. EuroGP 2002: Proceedings 
of  the 5th European Conference on Genetic Programming; 
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 
182-191

Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of  infectious dis-

eases. Emerg Infect Dis serial online, 1995-01-03, cited 
1996-06-05; 1(1): 24 screens. Available from: URL: http//
www.cdc.gov/ncidod/EID/eid.htm

Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assi-

gnee. Flexible endoscopic grasping and cutting device 
and positioning tool assembly. United States patent US 
20020103498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree 
of  freedom as υ (in Greek), sample number as n (in italics), 
and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) 
= 96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 
mmol/L; blood CEA mass concentration, p (CEA) = 8.6 
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and 
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641 
should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1949-8470/
g_info_20100313185816.htm.

Abbreviations
Standard abbreviations should be defined in the abstract 
and on first mention in the text. In general, terms should 
not be abbreviated unless they are used repeatedly and the 
abbreviation is helpful to the reader. Permissible abbreviations 
are listed in Units, Symbols and Abbreviations: A Guide for 
Biological and Medical Editors and Authors (Ed. Baron DN, 
1988) published by The Royal Society of  Medicine, London. 
Certain commonly used abbreviations, such as DNA, RNA, 
HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, CSF, 
IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l 
length, m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
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Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

RE-SUBMISSION OF THE REVISED PAPER
Please revise your article according to the revision policies 
of  WJR. The revised version including manuscript and high-
resolution image figures (if  any) should be re-submitted  or 
uploaded online. The author should send copyright transfer 
letter, and responses to the reviewers and science news to us 
via email.

Editorial Office
World Journal of Radiology
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
E-mail: wjr@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080036
Fax: +86-10-85381893

Language evaluation 
The language of  a manuscript will be graded before it is 
sent for revision. (1) Grade A: priority publishing; (2) Grade 
B: minor language polishing; (3) Grade C: a great deal of  
language polishing needed; and (4) Grade D: rejected. Revised 
articles should reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1949-8470/g_info_20100313185522.htm.

Responses to reviewers
Please revise your article according to the comments/sugg-
estions provided by the reviewers. The format for responses to 
the reviewers’ comments can be found at: http://www.wjgnet.
com/1949-8470/g_info_20100313185358.htm.

Proof of financial support
For paper supported by a foundation, authors should provide 
a copy of  the document and serial number of  the foundation.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released 
rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The 
title for news items should be less than 90 characters; the sum-
mary should be less than 75 words; and main body less than 
500 words. Science news items should be lawful, ethical, and 
strictly based on your original content with an attractive title and 
interesting pictures.

Publication fee
Authors of  accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS 
and LETTERS TO THE EDITOR are published free of  
charge.
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