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Abstract
Spinal cord injury (SCI) leads generally to an irreversible 
loss of sensory functions and voluntary motor control 
below injury level. Cures that could repair SCI and/or 

restore voluntary walking have not been yet developed 
nor commercialized. Beyond the well-known loss of 
walking capabilities, most SCI patients experience also 
a plethora of motor problems and health concerns 
including specific bladder and bowel dysfunctions. 
Indeed, chronic constipation and urinary retention, two 
significant life-threatening complications, are typically 
found in patients suffering of traumatic (e.g. , falls or car 
accidents) or non-traumatic SCI (e.g. , multiple sclerosis, 
spinal tumors). Secondary health concerns associated 
with these dysfunctions include hemorrhoids, abdominal 
distention, altered visceral sensitivity, hydronephrosis, 
kidney failure, urinary tract infections, sepsis and, in 
some cases, cardiac arrest. Consequently, individuals 
with chronic SCI are forced to regularly seek emergency 
and critical care treatments when some of these 
conditions occur or become intolerable. Increasing 
evidence supports the existence of a novel experimental 
approach that may be capable of preventing the 
occurrence or severity of bladder and bowel problems. 
Indeed, recent findings in animal models of SCI have 
revealed that, despite paraplegia or tetraplegia, it 
remains possible to elicit episodes of micturition and 
defecation by acting pharmacologically or electrically 
upon specialized lumbosacral neuronal networks, 
namely the spinal or sacral micturition center (SMC) and 
lumbosacral defecation center (LDC). Daily activation of 
SMC and LDC neurons could potentially become, new 
classes of minimally invasive treatments (i.e. , if orally 
active) against these dysfunctions and their many life-
threatening complications.  

Key words: Prevention of intensive care problems; 
Quality of care; Temporary recovery of vital functions; 
Micturition; Defecation; Spinal networks; Central pattern 
generators

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.
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clearly the existence of an urgent medical need for 
new pharmacological products aimed at providing non-
invasive solutions for those suffering chronically of 
constipation and urinary retention or detrusor-sphincter 
dyssynergia. Products combining several already known 
and safe active ingredients for new or synergistic 
effects acting upon specific central networks of neurons 
that normally control these functions are of particular 
interest.

Guertin PA. New pharmacological approaches against chronic 
bowel and bladder problems in paralytics. World J Crit Care 
Med 2016; 5(1): 1-6  Available from: URL: http://www.wjgnet.
com/2220-3141/full/v5/i1/1.htm  DOI: http://dx.doi.org/10.5492/
wjccm.v5.i1.1

IntroductIon
Spinal cord injury (SCI) either traumatically (e.g., falls, 
car or sport accidents) or non-traumatically induced 
(e.g., multiple sclerosis, angioma, etc.) generally leads 
to an irreversible loss of sensory functions and voluntary 
motor control below injury level. In the United States and 
Canada, 1.3 million people (approximately 20-25 million 
worldwide) currently live with a traumatic SCI[1,2] which 
is a 5-fold increase (i.e., attributed to improvements in 
acute emergency care) compared with prevalence values 
assessed previously. As such, SCI has thus progressively 
become the 2nd most important neurological problem 
in North America after Alzheimer’s disease (i.e., appro-
ximately 5 million patients)[2,3]. No therapy can repair 
SCI per se, cure paralysis or even significantly prevent 
related chronic complications, dysfunctions, multiple 
debilitating diseases and life-threatening problems 
(i.e., cardiovascular problems, osteoporosis, muscular 
atrophy, anemia, spasticity, urinary tract infections, bed 
sores, pneumonia, sepsis, bladder and bowel problems, 
etc.)[4]. Only symptomatic drugs and biologics are 
currently used to minimize consequences (e.g., aspirin 
for pain, antibiotics for infections, etc.)[5]. 

Urination, also called micturition or voiding, is the 
process of disposing urine from the urinary bladder 
through the urethra to the outside of the body. When 
urinary retention (UR) occurs, the bladder remains 
full which may cause complete anuria that is a 
medical emergency as the bladder distend (stretch) 
to enormous sizes. If the bladder distends enough it 
may become painful and tear. The increase in bladder 
pressure can also prevent urine entering from the 
ureters or even cause urine to back up and get into the 
kidneys, causing hydronephrosis, pyonephrosis, and 
kidney failure. It has been associated also with urinary 
tract infections, sepsis and cardiac arrest[6,7]. In chronic 
cases, UR may cause bladder stones, atrophy of the 
detrusor muscle, diverticula in the bladder wall and 
related infections. In cervical injured patients, bladder 

problems also impact autonomic responses that are 
affected by SCI, e.g., a full bladder leads to autonomic 
dysreflexia, hypertension, severe headaches, stroke or 
cardiovascular failure.

Bowel problems such as diarrhea, fecal incontinence, 
irritable bowel syndrome (IBS) or constipation typically 
occur when the gastrointestinal (GI) tract does not work 
properly. More specifically, constipation is characterized 
clinically as difficult or infrequent (i.e., < 3 times/
wk) passage of stools[8]. In the general population, 
constipation is often caused by diet problems (e.g., low 
fiber), lack of exercise, dairy products, stress, pregnancy, 
medicines such as laxatives, antacids, antidepressants, 
iron, pain killers or by structural abnormalities (e.g., 
colon polyps, cancer, diverticula, anal problems, etc.)[9,10]. 
Related-secondary complications include fissures, 
fecal impaction, ulceration, abdominal distension, 
hemorrhoids, bleeding, pain and, occasionally, septic 
shock and death[11].  Chronic constipation is experienced 
overall by 60 M North Americans[10].

PAtHoPHYSIoLoGY oF BLAddEr And 
BoWEL dYSFunctIonS In PAtIEntS 
WItH ScI
Normally, the process of urination (also called micturition) 
involves coordination between the central, autonomic and 
somatic nervous systems that is under voluntary control 
(brain). Specifically, muscles involved in micturition (i.e., 
those activating bladder, urethra and pelvic floor) are 
essentially controlled by coordinated inputs from spinal 
or sacral micturition center (SMC) neurons[12]. Brain 
structures (e.g., pontine micturition center) provide 
additional inputs mediated by SMC for facilitation or 
inhibition[13-15]. In brief, as the bladder fills, sensory 
receptors in the bladder wall trigger the micturition motor 
behaviour - a coordinated contraction of the detrusor and 
relaxation of the urethral and periurethral muscles[13]. 
When control over urination is abnormal, urinary 
incontinence generally occurs. However, for incompletely 
understood reasons, in patients with SCI and other 
related pathologies, the opposite problem occurs - that 
is UR and detrusor-sphincter dyssynergia that lead to 
improper capacity to empty bladder content is expressed 
in absence of descending brain inputs. 

The gastrointestinal system is a 20 foot-long system 
comprising the stomach and intestine (bowel) that 
essentially releases hormones (e.g., gastrin, secretin, 
melatonin, ghrelin, etc.) for local regulation of digestion, 
absorption and elimination[16]. However, to achieve 
that, it critically depends also on food transit (> 24 h/
meal) that is ensured by rhythmic muscle contractions, 
i.e., peristalsis, defined as cyclic rostrocaudal series of 
coordinated contractions and relaxations of GI smooth 
muscles mediated locally by two main sensorimotor 
reflexes using acetylcholine, noradrenaline, substance P, 
adenosine triphosphate, etc.[17-19]. In clear contrast with 
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causes and mechanisms underlying constipation in the 
general population, bowel problems after SCI (typically 
chronic constipation, i.e., more than 12 wk/year) is 
specifically attributed to a dysfunctional control by the 
CNS of peristalsis and colorectal motility[20-24]. Defecation 
requires interactions between the somatic, autonomic 
and central nervous systems. Specifically, supraspinal 
networks (e.g., pontine defecation center) that send 
inputs to lumbosacral defecation center (LDC) neurons 
and corresponding motoneurons (Onuf’s nucleus) for 
control of autonomic and somatic systems (smooth 
muscles, sphincters) involved in colorectal motility and 
defecation[16,23,25,26]. Consequently, a failure of supraspinal 
inputs to modulate LDC neurons (e.g., due SCI) may 
lead to reduced colorectal motility and increased con-
stipatory problems[16,23,25]. 

currEntLY uSEd APProAcHES ArE 
unAccEPtABLE or unSAFE
As of now, there are five (5) main approaches or tools 
used to control bladder problems after SCI[27-30]: (1) 
bladder drainage with chronic indwelling catheters or 
intermittent catheters but frequent hospitalizations, 
urinary tract infections, bladder and kidney damage and 
sepsis can be induced when chronically used; (2) drugs 
(sedatives, anticholinergic, alpha-adrenergic, cholinergic) 
with peripheral actions on the contraction of bladder 
muscles or relaxation of sphincters but constipation, 
dry mouth, blurred vision can also be induced; (3) 
electrostimulation of sacral anterior roots but it also 
impairs sexual function and is generally not considered 
as user-friendly; (4) diapers or condom sheaths can 
also be used although generally poorly accepted by 
patient mainly for self-esteem reasons; or (5) Botox 
injection (in bladder, e.g., detrusor muscle) is sometime 
recommended but only for those specifically experiencing 
related mild incontinence rather than UR. In other words, 
UR remains considered as a poorly addressed medical 
need. 

Regarding chronic constipation, SCI patients are 
currently bound to use nonspecific approaches to re-
duce the severity of this debilitating problem: (1) 
stool softeners and laxatives (e.g., Fleet, Senokot, 
Metamucil, Dulcolax, Colace, Diocto, Exlax); (2) digital 
rectal stimulation or sacral root stimulation of reflexes; 
(3) digital evacuation by professionals; or (4) surgery 
(e.g., ileostomy)[17,31-35]. Although some of the above-
mentioned approaches may be suitable for occasional 
constipation, they are generally not recommended for 
repeated use. Indeed, when chronically used, they 
are associated with significantly reduced efficacy and 
increased side effects such as bloating, cramps, nausea, 
fever, vomiting, breathing trouble, fainting, flatulence, 
dependency, diarrhea, electrolyte imbalance, rectal 
bleeding, pain, nerve lesion, intestinal paralysis, IBS, 
renal failure, hernia, seizure, arrhythmia, and sepsis[35-39]. 
Therefore, chronic constipation after SCI or related 

disorders is still considered as a poorly addressed medical 
need that would benefit from novel, innovative and 
potent medicines[39].

EVIdEncE oF A noVEL non-InVASIVE 
And SAFEr APProAcH
Given the problematic described above, it is imperative 
that scientists attempt rapidly to identify user-friendly, 
safe and well-tolerated treatments that could specifically 
and selectively prevent and reduce SCI-related chronic 
constipation, UR/detrusor sphincter dyssynergia and 
related health concerns. In fact, some researchers have 
recently begun to obtain promising results towards 
that goal. Indeed, a few laboratories in France, Japan, 
United States, China and Canada have been exploring 
the feasibility and potential of modulating either SMC 
neurons or LDC neurons for acute induction of on-demand 
episodes of micturition or defecation after SCI. 

In a rat model of paraplegia (spinal transection at 
thoracic level T10), Chinese and Americans found that 
serotonergic agonists of the 5-HT7 subclass, administered 
intravenously (iv) can augment voiding reflex efficacy 
suggesting SMC-facilitating actions (also called external 
urethral sphincter central pattern generator by some 
researchers) given the well-known expression of 5-HT7 
receptors in that sacral area of the spinal cord[40]. This 
mechanism of action is also supported by similar effects 
obtained following intrathecal administration of 5-HT 
agonists[41]. Other receptors may be involved since 
activation (iv administration) of the 5-HT1A receptors in 
these conditions also induced similar effects[42]. 

A few years prior to those pharmacological studies, a 
promising role for specific sacral networks in micturition 
had been clearly shown by Americans who after 
stimulation at or immediately dorsal to the dorsal gray 
commissure at S(1) level observed strong (at least 
20 mmHg) bladder contractions as well as strong (at 
least 40 mmHg) external urethral sphincter relaxation, 
resulting in bladder voiding in cats either intact or spinal 
cord-injured at the thoracic level[43].   

In parallel, my own laboratory in Canada has un-
dertaken extensive drug screening studies aimed at 
identifying brain permeable drugs that could powerfully 
elicit, within minutes, some episodes of voiding in chronic 
paraplegic mice. A few families of ligands including 
5-HT1A, 5-HT2 and 5-HT1A/7 agonists were found to 
elicit within 30 min some significant micturition effects. 
However, among all tests performed, it was a drug 
combination composed of buspirone (5-HT1A agonist) 
and 8-OH-DPAT (5-HT1A/7 agonist) that ended up 
producing the best micturition-inducing effects upon 
subcutaneous (sc) administration[44]. Comparable effects 
were found also upon oral gavage suggesting that an 
orally active tablet comprising both active ingredients 
could become the first ever SMC-activating drug 
treatment against bladder dysfunction and related-
secondary complications in patients with SCI and 
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comparable neurological disorders[45].
A comparable approach has been explored in recent 

years to determine the role of electrical stimulation or 
pharmacological ligands in LDC-mediated potent reflex 
defecation[46]. Japanese found that ghrelin receptor 
agonists such as capromorelin or CP464709 administered 
sc or iv (lumbosacral level) can increase fecal pellet 
production in SCI rats[47,48]. Indirectly, electrical stimulation 
of the pudendal nerve or of sacral roots can also trigger 
reflex defecation presumably by afferent-induced 
activation of LDC neurons given that comparable effects 
were found with intraspinal stimulation at S2 level[49-51].

As performed for micturition-inducing effects, we 
also conducted drug screening studies aimed at identify 
brain permeable drugs capable, within minutes, of 
inducing episodes of defecation in chronic paraplegic 
mice. Although, a few families of ligands were found to 
elicit some defecatory effects, it is a drug combination 
composed of buspirone (5-HT1A agonist) and neostig-
mine at low doses (cholinesterase inhibitor) that 
displayed the best defecation-inducing effects upon sc 
administration[52]. Again, comparable effects were found 
following oral gavage suggesting that an orally active 
tablet comprising both active ingredients could become 
the first ever LDC-activating drug treatment against 
chronic constipation and related-secondary complications 
in patients with SCI and comparable neurological 
disorders[53]. 

Since both technologies identified in our laboratory 
are already being developed, under contractual agreement, 
by a pharmaceutical company called Nordic Life Science 
Pipeline, it may be reasonably to expect that at least 
one of these therapies may be granted approval for 
commercialization in Canada, United States and Europe 
by 2022[54].

concLuSIon
SCI is an increasing problem worldwide. It has recently 
become the second most important neurological problem 
after Alzheimer’s disease. Beyond paralysis and loss of 
locomotion, several dysfunctions and life-threatening 
secondary complications associated with bladder and 
bower problems are often experienced by patients with 
SCI. Unfortunately, no safe or acceptable treatments have 
been found to control the occurrence or severity of these 
significant health concerns which, in turn, forces patients 
to seek emergency and critical care treatment on a regular 
basis. Pharmacological or electrical modulation of spinal 
command centers involved in controlling micturition and 
defecation behaviors may eventually constitute rather 
selective, specific and hence safe treatments against 
chronic constipation and UR after SCI. 
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Abstract
Point-of-care ultrasound has been increasingly used in 
evaluating shocked patients including the measurement 
of inferior vena cava (IVC) diameter. Operators should 
standardize their technique in scanning IVC. Relative 

changes are more important than absolute numbers. We 
advise using the longitudinal view (B mode) to evaluate 
the gross collapsibility, and the M mode to measure the 
IVC diameter. Combining the collapsibility and diameter 
size will increase the value of IVC measurement. This 
approach has been very useful in the resuscitation of 
shocked patients, monitoring their fluid demands, and 
predicting recurrence of shock. Pitfalls in measuring IVC 
diameter include increased intra-thoracic pressure by 
mechanical ventilation or increased right atrial pressure by 
pulmonary embolism or heart failure. The IVC diameter is 
not useful in cases of increased intra-abdominal pressure 
(abdominal compartment syndrome) or direct pressure 
on the IVC. The IVC diameter should be combined with 
focused echocardiography and correlated with the clinical 
picture as a whole to be useful. 

Key words: Inferior vena cava diameter; Point-of-care 
ultrasound; Measurement 

© The Author(s) 2016. Published by Baishideng Publishing 
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Core tip: Bedside measurement of inferior vena cava is 
useful in evaluating and resuscitating shocked patients. 
To achieve that, the operator should be well-trained, use 
standardized techniques, understand ultrasound limitations, 
and finally correlate the findings with the clinical picture 
as a whole.

Abu-Zidan FM. Optimizing the value of measuring inferior 
vena cava diameter in shocked patients. World J Crit Care Med 
2016; 5(1): 7-11  Available from: URL: http://www.wjgnet.
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INTRODUCTION
Point-of-care ultrasound has been increasingly used in 
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evaluating shocked patients including the measurement 
of inferior vena cava diameter (IVC)[1-3]. Nevertheless, 
there have been conflicting results regarding its value[4-6]. 
It is important to highlight the technical and clinical 
difficulties that may be encountered in measuring the 
IVC diameter as these limit its use. There are four 
components that affect the outcome of ultrasound 
studies. These are the effectiveness and technical 
limitations of the ultrasound machine, the experience 
of the operator, the body built of the patient, and the 
pathology studied.

TECHNICAL CONSIDERATIONS
Operators should standardize their technique in scanning 
the IVC. IVC can be measured through different appro-
aches including the subxiphoid or subcostal approach[7,8]. 
We prefer to measure the IVC directly through a trans-
hepatic approach using a portable machine and a small 
print convex array probe with a frequency of 3-5 MHZ 

while the patient is in supine position. The probe is 
located in the mid-clavicular line between the ribs of the 
right lower chest wall at 90 degrees perpendicular to the 
skin. The marker points proximally towards the head 
(Figure 1). The probe may be slightly directed towards 
the right to be parallel to the IVC. The probe is then 
shifted slowly transversely to get the best longitudinal 
perpendicular view. We think that this is better than the 
subxiphoid approach[7] as the IVC is located slightly to 
right and the diameter of the IVC may be overestimated 
by getting an oblique section (Figure 2). 

The ultrasound cross section should be vertical to the 
IVC. Common pitfalls in measurement include measuring 
the IVC obliquely or peripherally (Figures 2 and 3). In 
general, it is advised to use the B mode to evaluate 
the gross collapsibility of the IVC and the M mode to 
accurately measure the changes in IVC diameter. The 
IVC can be measured in both longitudinal and transverse 
sections.  

Pitfalls in measuring IVC include increased intra-
thoracic pressure resulting from mechanical ventilation or 
increased right atrial pressure resulting from heart failure 
or pulmonary embolism. These conditions will increase 
the diameter of the abdominal IVC[3]. We have recently 
reported that IVC diameter was not useful in guiding 
resuscitation, and was even misleading in abdominal 
compartment syndrome[9]. The increased pressure in 
abdominal compartment syndrome will compress the 
IVC and reduce its antero-posterior diameter. The 
unexperienced clinician may increase the fluid resuscitation 
which would further decrease the diameter. Furthermore, 
direct pressure on the IVC as in late pregnancy and 
acute gastric dilatation[10] can affect the measurement. 
The IVC diameter should be combined with focused 
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Figure 1  A figure demonstrating the technique to measure the inferior 
vena cava diameter longitudinally. A small print convex array probe with 
a frequency of 3-5 MHZ is located in the mid-clavicular line at 90 degrees 
perpendicular to the skin. The marker is pointing proximally towards the head 
(arrow). 

Figure 2  Three dimensional diagram showing the longitudinal ultrasound 
measurement of the antero-posterior diameter. Measurements depend on 
the site and angle at which it crosses the IVC. Section A is the proper one as it 
crosses the IVC vertically at the midpoint. Section B crosses the IVC vertically 
but peripherally and gives a false low measurement of the IVC diameter. 
Section C crosses the IVC obliquely and gives a false high measurement of the 
IVC diameter. IVC: Inferior vena cava. 
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Figure 3  Cross section of the abdomen on the left side of the figure 
showing the liver, inferior vena cava, and aorta. The B mode longitudinal 
ultrasound image will depend on the angle between the plane of the ultrasound 
section and the IVC. Three different planes are shown on the cross section 
(A-B-C) and the corresponding longitudinal IVC images are shown to the right. 
Longitudinal section A is the proper one as it crosses the IVC vertically at the 
midpoint. Section B crosses the IVC vertically but peripherally and gives a false 
low measurement of the IVC diameter. Section C crosses the IVC obliquely and 
gives a false high IVC diameter measurement. IVC: Inferior vena cava. 



echocardiography and correlated with the clinical picture 
as a whole to be useful. 

VALUE OF MEASURING IVC DIAMETER 
IN SHOCKED PATIENTS
IVC measurement can be used as part of defined 
protocols in diagnosing shocked patients to optimize its 
value. These protocols evaluate the heart, IVC, chest, 
and the abdomen to try defining the cause of the shock. 
Our group follows the RUSH protocol which examines 
the pump (heart), tubes (great vessels) and reservoir 
(free intra-peritoneal or intra-thoracic fluid)[2]. Vegas et 
al[7] use the same principles but in a different approach, 
whereby they classify the shocked patients into those 
with (1) reduced mean systemic venous pressure; 
(2) increased right atrial pressure; and (3) increased 
resistance to the venous return. They study the size of 
IVC, respiratory variation of the IVC, and the hepatic 
venous flow to define the type of shock[7].

In a study of 47 patients having septic shock, Coen 
et al[11] used the variability of IVC diameter to decide 
the volume of fluid resuscitation. They gave boluses 
of 500 mL of crystalloids as needed to reach an IVC 
index of 30%-50% which was defined as [(maximum 
IVC diameter - minimum IVC diameter)/maximum IVC 
diameter] × 100. IVC measurement was feasible in 92% 
of the cases and central venous catheter was avoided in 
more than one third of the patients. The IVC index was 
significantly higher in shocked patients compared with 
non shocked patients[12]. 

The IVC diameter was negatively correlated with 
the lactate level and positively correlated with the base 
excess level during hemorrhagic shock resuscitation 
indicating its good clinical value[8]. Furthermore, Yanagawa 
et al[13] prospectively studied 30 trauma patients and 
found that the relative change of IVC diameter is 
effective in differentiating stable resuscitation responders 

from transient responders who develop recurrent shock. 
These findings were supported by Feissel et al[14] who 
found the same results in ventilated septic patients. 
Furthermore, Schefold et al[15] found that IVC diameter 
was highly correlated with the central venous pressure 
and extravascular lung water index in septic ventilated 
intensive care unit (ICU) patients. This may be helpful 
in avoiding unnecessary volume expansion in these sick 
patients. In contrast, Corl et al[5] found that measuring 
the IVC index was not a good marker for proper fluid 
responsiveness in the emergency department and 
questioned its value. 

Weekes et al[4] prospectively evaluated the gross 
appearance of IVC and correlated it with the actual 
measured size in 24 hypotensive patients. They developed 
a three point scale of visual appearance of IVC as follows: 
(1) decreased IVC index of ≤ 0.3; (2) normal range 
(0.31-0.69); and (3) increased index ≥ 0.7. Serial gross 
evaluation of IVC agreed with the actual measured IVC 
during fluid resuscitation. This study supports the opinion 
that relative changes are more important than absolute 
numbers. Gross collapsibility is a more useful marker 
for hypovolemia than IVC collapsibility index[3]. We 
advise using the longitudinal view (B mode) to evaluate 
the gross collapsibility, and the M mode to measure 
the diameter of IVC. Combining the collapsibility and 
diameter will increase the value of IVC measurement. 
This approach has been very useful in our hands (Figures 
4-6). 

EVIDENCED-BASED APPROACH
There is no doubt that this area needs more evidence 
based approach. Dipti et al[6] in a meta-analysis that was 
published in 2012, studied the value of IVC diameter 
in estimating volume status in adults. They searched 5 
major databases and combined 5 prospective studies on 
this topic. The meta-analysis included 86 hypovolemic 
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Figure 4  Inferior vena cava measurements in a 39-year-old man who was 
in septic shock and complete renal failure. The upper image is a transverse 
cross sectional B mode showing the aorta (yellow arrow) and the IVC (white 
arrow). The lower image is an M mode showing the IVC measurement (A-A) 
which is 59 mm indicating that the patient was hypovolemic. IVC: Inferior vena 
cava.

B mode

M mode

B mode

M mode

A 1.55 cm B 1.41 cmA 0.59 cm
IVC index = (1.55-1.41)/1.55 = 9%

Figure 5 Two point five liters of crystalloids were given to the previous 
patient over 35 min and repeated measurements of the inferior vena cava 
diameter were performed. The upper image is a transverse cross sectional B 
mode showing the IVC (white arrow). The lower image is an M mode showing 
that the IVC increased to a maximum 1.55 cm with an IVC index of 9% 
[(1.55-1.41)/1.55]. A-A in the M mode represents the maximum IVC diameter 
while B-B represents the minimum IVC diameter. IVC: Inferior vena cava.
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whole. 
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techniques, understand ultrasound limitations, and 
finally correlate the findings with the clinical picture as a 

Abu-Zidan FM. IVC ultrasound measurement

150

130

110

  90

  70

  50

In
va

si
ve

 S
BP

 (
m

m
H

g)

6 am                          9 am                  12 pm

t /h

Figure 6  The patient’s blood pressure quickly improved without evidence 
of pulmonary oedema. Point A is when images in Figure 4 were taken while 
point B is when images in Figure 5 were taken. 

A B



11 February 4, 2016|Volume 5|Issue 1|WJCCM|www.wjgnet.com

[PMID: 18212645 DOI: 10.1097/TA.0b013e318068d72b]
14 Feissel M, Michard F, Faller JP, Teboul JL. The respiratory variation 

in inferior vena cava diameter as a guide to fluid therapy. Intensive 
Care Med 2004; 30: 1834-1837 [PMID: 15045170]

15 Schefold JC, Storm C, Bercker S, Pschowski R, Oppert M, Krüger 
A, Hasper D. Inferior vena cava diameter correlates with invasive 
hemodynamic measures in mechanically ventilated intensive care 
unit patients with sepsis. J Emerg Med 2010; 38: 632-637 [PMID: 

18385005 DOI: 10.1016/j.jemermed.2007.11.027]
16 Ferrada P, Evans D, Wolfe L, Anand RJ, Vanguri P, Mayglothling 

J, Whelan J, Malhotra A, Goldberg S, Duane T, Aboutanos M, 
Ivatury RR. Findings of a randomized controlled trial using 
limited transthoracic echocardiogram (LTTE) as a hemodynamic 
monitoring tool in the trauma bay. J Trauma Acute Care Surg 2014; 
76: 31-37; discussion 37-38 [PMID: 24368354 DOI: 10.1097/
TA.0b013e3182a74ad9]

P- Reviewer: Boucek C, Inaba H, Lin J, Willms D    
S- Editor: Gong XM    L- Editor: A    E- Editor: Lu YJ  

Abu-Zidan FM. IVC ultrasound measurement



Fikri M Abu-Zidan

Fikri M Abu-Zidan, Department of Surgery, College of Medicine 
and Health Sciences, UAE University, PO BOX 17666, Al-Ain, 
United Arab Emirates

Author contributions: Abu-Zidan FM had the idea, critically read 
the literature, drew the images, wrote the paper, and approved its 
final version.

Conflict-of-interest statement: None declared by the author.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Fikri M Abu-Zidan, MD, FACS, FRCS, PhD, 
Dip Applied Statistics, Professor, Acute Care Surgeon, Point-
of-Care Sonographer, Statistical Consultant, Department of 
Surgery, College of Medicine and Health Sciences, UAE University, 
Tawam Roundabout, Tawam Street, PO BOX 17666, Al-Ain, 
United Arab Emirates. fabuzidan@uaeu.ac.ae
Telephone: +971-50-8335390
Fax: +971-50-7672067

Received: July 22, 2015 
Peer-review started: July 24, 2015 
First decision: September 28, 2015 
Revised: October 7, 2015 
Accepted: November 24, 2015
Article in press: November 25, 2015
Published online: February 4, 2016

Abstract
We have tried in a recently published systematic review 
(World J of Surg 2014; 38: 322-329) to study the edu-
cational value of advanced trauma life support (ATLS) 
courses and whether they improve survival of multiple 
trauma patients. This Frontier article summarizes what 

we have learned and reflects on future perspectives in 
this important area. Our recently published systematic 
review has shown that ATLS training is very useful from 
an educational point view. It significantly increased 
knowledge, and improved practical skills and the critical 
decision making process in managing multiple trauma 
patients. These positive changes were evident in a 
wide range of learners including undergraduate medical 
students and postgraduate residents from different 
subspecialties. In contrast, clear evidence that ATLS 
training reduces trauma death is lacking. It is obvious 
that it is almost impossible to perform randomized 
controlled trials to study the effect of ATLS courses on 
trauma mortality. Studying factors predicting trauma 
mortality is a very complex issue. Accordingly, trauma 
mortality does not depend solely on ATLS training but on 
other important factors, like presence of well-developed 
trauma systems including advanced pre-hospital care. 
We think that the way to answer whether ATLS training 
improves survival is to perform large prospective cohort 
studies of high quality data and use advanced statistical 
modelling.

Key words: Advanced trauma life support; Education; 
Course; Training; Death
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Core tip: We recommend teaching advanced trauma 
life support (ATLS) courses for doctors who may treat 
multiple trauma patients in their setting. Large prospective 
cohort studies of high quality data are needed to evaluate 
the impact of ATLS training on trauma death rates and 
disability. 
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Scotland in 1987. He achieved his PhD in Trauma and 
Disaster Medicine from Linkoping University, Sweden 
in 1995 and then obtained his Postgraduate Diploma 
of Applied Statistics from Massey University, New 
Zealand, in 1999. He worked as a surgeon at Mubarak 
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of Surgery at the Department of Surgery, College of 
Medicine and Health Sciences, United Arab Emirates 
(UAE) University, United Arab Emirates. He has 
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visiting Professor at numerous international meetings 
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present, Professor Abu-Zidan is serving as the Statistical 
Consultant for World Society of Emergency Surgery, 
Statistical Consultant for World Journal of Emergency 
Surgery, Statistics Editor of Hamdan Medical Journal, 
and as an Invited Editor, member of Editorial board, and 
reviewer for several international journals. His clinical 
experience includes treating war injured patients during 
the Second Gulf War (1990). He has been promoting the 
use of Point-of-Care Ultrasound for more than twenty five 
years and he is considered a World Leader in this area. 
Furthermore, he is an international expert on trauma 
experimental methodology with particular expertise in 
developing novel clinically relevant animal models. He 
played an important role in establishing experimental 
surgical research in Auckland University, New Zealand 
which subsequently developed into a strong successful 
PhD Program. Professor Abu-Zidan has received numerous 
national and international awards for clinical, research 
and educational activities. 

INTRODUCTION
Trauma is a leading cause of death and disability all 
over the world. Trauma management can be improved 
by implementing a trauma system that includes injury 
prevention, education, pre-hospital care, transportation, 
hospital care, and rehabilitation[1]. If properly implemented, 
trauma systems can reduce mortality of severe trauma 
patients by at least 15%[2]. Training physicians to 
manage multiple trauma patients is an essential part of 
developing proper trauma systems. The primary end 
point of any clinical educational activity is its impact 
on improving health care. Our trauma group has been 
extensively involved in teaching advanced trauma life 

support (ATLS) and focused assessment sonography 
courses for the last 15 years[3-6]. These courses are time 
consuming and need extensive resources and manpower. 
ATLS is one of the most common courses taught 
worldwide. In an evidenced-based era, it is legitimate 
to question the educational and clinical value of these 
courses. We tried in a recently published systematic 
review to study the educational value of ATLS courses 
and whether they improved survival of multiple trauma 
patients[7]. This article summarizes what we have learned 
and reflects on future perspectives in this area.

ATLS COURSE
The ATLS course was established in 1976 by Dr James 
Styner in United States after a tragic private family 
plane crash. Dr Styner was not happy with the level of 
health care given to his family members. He developed 
ATLS so as to improve the management of multiple 
trauma patients in rural areas. This course was adopted 
by the American College of Surgeons and quickly spread 
worldwide[8,9]. To date it has been taught to more than 
one million doctors in more than 60 countries[10]. It is 
accepted as a standard protocol for the initial care of 
trauma patients in many trauma centers worldwide[11,12]. 

ATLS is a very demanding two/three full days 
course that uses different adult learning approaches[13] 
including interactive didactic teaching, simulated 
clinical cases (Figures 2 and 3), practical skill stations 
(Figure 4), and group discussions[14]. Following ATLS 
training, non-surgical physicians should be able to 
successfully manage severe trauma patients[15]. The 
interactive approach for teaching ATLS improves clinical 
assessment of trauma patients. It is more enjoyable 
and rewarding compared with classical teaching[16,17]. 
It actively involves students in discussions, encourages 
them to ask more questions, and gives direct feedback. 
ATLS simulations place candidates under stress in 
clinical scenarios so that they can later make critical 
decisions in a real world environment. ATLS aims high 
to reach the top layer of Miller’s educational pyramid 
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Figure 1  Fikri M Abu-Zidan, MD, FACS, FRCS, PhD, Dip Applied Statistics; 
Professor, Acute Care Surgeon, Point-of-Care Sonographer, and Statistical 
Consultant; Department of Surgery, College of Medicine and Health 
Sciences, UAE University, Al-Ain, United Arab Emirates.



(“does”) (Figure 5)[18,19]. Physicians are observed per-
forming certain procedures and applying them in simulated 
clinical scenario. It is important to stress that the real 
value of any educational medical activity is measured 
by its clinical benefit for patients in real life. 

We started teaching ATLS in UAE in 2004. More than 
2000 doctors have taken this course in UAE[20]. The 
majority of participants in UAE were residents (44.8%), 
and specialists (43.7%). Critical care physicians and 
anaesthetists constituted 11% of all participants of ATLS 
courses in UAE. Interestingly, critical care physicians 
showed similar theoretical (P = 0.89) and practical 
knowledge (P = 0.99) when compared with surgeons 
during ATLS courses in UAE[4]. 

METHODS USED
We searched MEDLINE, PubMed, and the Cochrane 
databases for articles studying the educational outcomes 
of ATLS courses and their impact on trauma death. 
Articles published during the period 1966-2012 were 
studied. Out of 384 papers, 23 met our selection criteria. 
Ten original papers investigated the effects of ATLS 
courses on knowledge and practical skills, six original 
papers studied the time needed to lose practical skills 

gained by ATLS courses, and seven original papers 
studied the impact of ATLS courses on trauma death. I 
critically appraised these papers regarding their research 
methodology and statistical analysis in this systematic 
review[7]. We used The Scottish Intercollegiate Guidelines 
Network handbook to grade the level of evidence of 
the papers[21]. Furthermore, we used the United States 
preventive Services Task Force grading system to grade 
overall quality of evidence[22]. 

WHAT IS THE EDUCATIONAL IMPACT 

OF ATLS?
ATLS significantly increases knowledge of trauma 
management, improves practical skills, organization of 
trauma management, and identification of management 
priorities (level Ⅰ evidence: Evidence obtained from 
at least one properly randomized controlled trial). The 
gained knowledge and skills start to decline gradually 
6 mo after the course (level Ⅱ-1 evidence: Evidence 
obtained from well-designed controlled trials without 
randomization) and reach maximum decline after 2 
years. Participants keep the gained organizational skills 
and identification of management priorities up to 8 
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Figure 2  A moulaged simulated patient having a stab wound to the left 
chest wall with tension pneumothorax.

Figure 4  Practical training on performing diagnostic peritoneal lavage 
on anaesthetized goats using the open technique and a transverse sub-
umbilical incision.

Figure 3  A moulaged simulated trauma patient with a penetrating 
impalement injury to the left thigh with left femur fracture and superficial 
femoral artery injury caused by a piece of wood.

Figure 5  Miller’s pyramid for gaining clinical skills in Advanced Trauma 
Life Support courses. ATLS: Advanced Trauma Life Support.
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These positive changes were evident in a wide range of 
learners including undergraduate medical students and 
postgraduate residents from different subspecialties. 
In contrast, clear evidence that ATLS training reduces 
trauma death is lacking. We recommend teaching ATLS 
courses for those doctors who may treat multiple trauma 
patients in their setting. Large prospective cohort studies 
of high quality data are needed to evaluate the impact of 
ATLS training on trauma death rates and disability. 

PERSPECTIVE
It is obvious that it is almost impossible to perform 
randomized controlled trials to study the effect of ATLS 
courses on trauma mortality simply because all conditions 
cannot be standardized. Studying factors predicting 
trauma mortality is a very complex issue. There are 
multiple confounders and logistics that prevent such 
experimental design. Accordingly, trauma mortality 
does not depend solely on ATLS training but on other 
important factors, like presence of well-developed trauma 
systems with advanced pre-hospital care. In a population 
based study from different counties in United States, 
Rutledge et al[24] found that the effects of ATLS training 
differed between different county clusters. This indicates 
that factors affecting mortality are more complex and 
pertain not only to ATLS training[24]. We think that the 
way to answer whether ATLS training improves survival 
is to perform large prospective cohort studies of high 
quality data and use advanced statistical modelling for 
that.
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Abstract
Antithrombin (AT) is a natural anticoagulant with anti-
inflammatory properties that has demonstrated value 
in sepsis, disseminated intravascular coagulation and 
in burn and inhalation injury. With high doses, AT may 

decrease blood loss during eschar excision, reducing 
blood transfusion requirements. There are no human 
randomized, placebo-controlled studies, which have 
tested the true benefit of this agent in these conditions. 
Two main forms of AT are either plasma-derived AT 
(phAT) and recombinant AT (rhAT). Major ovine studies 
in burn and smoke inhalation injury have utilized rhAT. 
There have been no studies which have either translated 
the basic rhAT research in burn trauma, or determined 
the tolerance and pharmacokinetics of rhAT concentrate 
infusions in burn patients. Advantages of rhAT infusions 
are no risk of blood borne diseases and lower cost. 
However, the majority of human burn patient studies 
have been conducted utilizing phAT. Recent Japanese 
clinical trials have started using phAT in abdominal sepsis 
successfully. This review examines the properties of 
both phAT and rhAT, and analyzes studies in which they 
have been utilized. We believe that it is time to embark 
on a randomized placebo-controlled multi-center trial 
to establish the role of AT in both civilian and military 
patients with burn trauma.

Key words: Antithrombin; Burn trauma; Burn injury; 
Inhalation injury; Recombinant antithrombin

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Based on ovine and rat research, and civilian 
population studies, antithrombin (AT) therapy with either 
human plasma-derived AT or recombinant AT (rhAT) 
may be a valuable adjunct treatment in patients with ≥ 
25% total body surface area burn. AT has anticoagulant 
and anti-inflammatory properties, a positive effect on 
cardiopulmonary function, and wound healing, with 
concomitant decreases in pneumonia and mortality. 
Studies in human volunteers with endotoxemia have 
shown that rhAT doses as high as 200% and 500% 
are tolerated safely. With adequate high doses, AT may 
decrease blood loss during eschar excision, and reduce 
blood transfusion requirements.
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BACKGROUND 
World-wide, there are an estimated 265000 deaths per 
year attributed to burns and inhalation injury, mainly 
in countries with lower incomes, especially in the World 
Health Organization South-East Asia area[1]. In the 
United States alone, the American Burn Association 
2015 Fact Sheet compiled data estimates that there 
have been 3240 deaths from fire and smoke inhalation, 
486000 burn injuries requiring medical treatment, and 
40000 requiring hospitalization with a survival rate of 
96.7%[2]. In spite of major improvements in burn care 
during the past 30 years, inhalation injury has not been 
adequately addressed, and is often the main reason 
patients die even when they have recovered from their 
burns. Currently, there are no definitive clinical trials for 
agents that would reverse or improve the inflammatory 
response, cytokine release, capillary leakage, pulmonary 
edema, and cellular influx into the lung parenchyma 
in these patients. It has been well documented in the 
literature that burn and inhalation injury patients have 
varying degrees of disseminated intravascular coagulation 
(DIC), hypercoagulability with thromboembolism, and 
systemic inflammatory response syndrome (SIRS). Current 
beneficial relevance of antithrombin (AT) to burn trauma 
has not been proven[3-6]. Human and ovine studies have 
shown that AT can have an impact on the morbidity 
and mortality associated with burn trauma[7,8]. In this 
review we will examine the utility of AT as a natural 
anticoagulant and anti-inflammatory agent in the 
treatment of ≥ 25% total body surface area (TBSA) 
burns and inhalation injury. The review will describe the 
status quo of overall research in the field and problems 
that have been resolved. 

Human plasma-derived AT
Paul Morawitz[9] was the first to coin the word “anti-
thrombin” (as an inhibitor of thrombin) in his review in 
1904. AT was then identified in 1939 as a co-factor of 
heparin in preventing thrombin formation and inactivating 
thrombin by forming the thrombin-AT complex[10].

Plasma-derived AT (phAT) is a 58200 kDa serine 
protease inhibitor of the serpin family which, as a 
natural anticoagulant: Neutralizes activated serine 
proteases like factors Ⅹ, Ⅸ, Ⅺ, Ⅻ; complexes with 
and deactivates thrombin (factor Ⅱ); and increases the 
rate of dissociation of factor Ⅶa-tissue factor complex to 
reduce factor Ⅶa activity[11,12]. Since the anticoagulant 
activity of phAT is potentiated by interactions with 
endothelial heparin sulfates, this effect is localized to the 
blood vessels where it competes with heparin for the 
glycosaminoglycans through thrombomodulin to activate 
the release of prostacyclin[11,12]. phAT also has anti-

inflammatory properties: It complexes with thrombin, 
removes it from circulation, and decreases production of 
tumor necrosis factor (TNF)-a which plays a major role 
in the SIRS syndrome initiated cytokine proliferation[13,14]. 
phAT may improve wound healing in a hypercoagulable 
system by reducing thrombosis and maintaining a 
more vascularized subcutaneous tissue[15,16]. If there 
is a decrease of thrombosis and microthrombi under 
the burned skin due to AT-treatment, there would be 
increased intensity of heat shock protein (hsp) expression 
in the underlying tissue of the burned area, leading to 
more viable cells expressing the hsp genes[16]. phAT-
treated burned skin had a significantly increased intensity 
of expression of hps70 (P < 0.02) and of grp78 (P < 0.01) 
compared to controls[16]. 

AT plasma levels in healthy blood donors are age-
related; between the ages of 25-30 years, women have 
lower phAT levels compared to men; between the ages 
of 35 and 50 years, the levels are the same; and over 
50 years of age, women have higher phAT levels and 
increased levels of factor Ⅶ and fibrinogen[17,18]. phAT 
was used successfully in patients with hereditary AT 
deficiency[19]. 

In the past 20 years, published human studies 
and case reports have documented benefit from the 
use of phAT in patients with DIC and sepsis[20-23]. The 
Kybersept study of 2314 septic patients (multi-national, 
randomized, placebo controlled) was undertaken to 
determine if there was decreased mortality in patients 
with phAT treatment (30000 units over 4 d); there was 
no significant benefit of AT in 28 d mortality rates[24]. In 
addition, the subset of patients who received heparin 
with phAT had increased risk of bleeding episodes[24]. 
However, in this study, there was no adjustment of the 
AT dose for weight, and burn trauma patients were not 
included. In a subset of the Kybersept septic patients 
who had clinical DIC, Kienast et al[25] found that patients 
treated only with phAT did not have increased bleeding 
compared to controls. These results had a negative and 
cautionary impact on further investigations of phAT in 
critically ill patients with DIC and sepsis[25]. 

Recombinant AT 
Recombinant AT (rhAT) as a sterile lyophilized powder 
became available in the 1990s. As a recombinant 
product, it eliminates the morbidity of blood borne 
pathogens and is less expensive than phAT[26]. It is 
currently FDA approved for hereditary AT deficient 
patients[26]. A detailed biochemical analysis found 
that rhAT transgenically produced from goat milk is 
comparable to clinical grade human plasma-derived 
AT with respect to specific activity, purity, amount of 
aggregates, primary sequence, secondary and tertiary 
structure[26]. Recombinant AT has a shorter half- life than 
phAT (10.16 ± 1.28 h vs 2.8-3.8 d)[26,27]. rhAT also has a 
greater affinity for heparin than phAT, which may be due 
to differences in glycosylation[26]. Because rhAT is cleared 
faster from the circulation compared to phAT, it is usually 
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administered as a continuous intravenous infusion. It has 
been studied in an ovine model of burn and inhalation 
injury. Other rhAT formulations are produced from the 
Chinese hamster ovary cells, baby hamster kidney cells 
and a methylotropic yeast, Pichia pastoris[28]. The primary 
available rhAT product is Atryn™ (GTC BioTherapeutics, 
Framingham, MA, United States). It is approved for 
use in patients with congenital AT deficiency, and is 
well tolerated and effective[29]. Leitner et al[30] studied 
the effects of rhAT in 30 healthy volunteers. rhAT was 
infused to increase AT plasma levels to 200% and 
500% of normal in a randomized, double-blind, placebo-
controlled fashion[30]. Then endotoxin (LPS), 2 ng/kg was 
administered. Infusion of rhAT dose-dependently decreased 
coagulation activation (P < 0.01), and interleukin-6 (IL-6) 
levels (P < 0.01)[30]. rhAT also decreased peak IL-6 levels 
by 40% in both study groups, 222 pg/mL and 216 pg/
mL vs 357 pg/mL in the placebo group, (P < 0.001)[30]. 

In summary, rhAT dose-dependently inhibited tissue 
factor-triggered coagulation[30]. While rhAT has been used 
in normal volunteers and in patients with hereditary AT 
deficiency, there have been no human studies in patients 
with burn and inhalation injuries.

phAT studies in burn trauma
Table 1 is a compendium of six studies using phAT in 
human subjects. Of these, 5 reported patient benefits 
in terms of either pulmonary function, wound healing or 
mortality. All the studies used different treatment methods 
and could not be compared to each other. The results 
in the Danielsson et al's[31] study were compromised by 
the use of very low doses of phAT, which were continued 
for 3-4 d. The study had a total of only 6 patients, with 
small and large burns in one cohort, each of whom were 
administered a different dose of phAT, without achieving 
levels above the “normal”[31]. In addition, the authors 
started heparin on day 3 in both the phAT-treated and 

non-treated patients, further complicating the clinical 
picture and data analysis[31]. Therefore, the study 
conclusion that phAT was not of benefit in burn trauma 
was based on inadequate numbers, low AT levels, and 
overall inconclusive evidence[31].

In contrast, Del Principe[32] reported a significant 
decrease in mortality with the use of infused phAT to > 
100% of normal in an Italian pediatric population. 

In the Niedermayr et al[33] study, burn and inhalation 
patients were followed by daily AT plasma levels and 
received AT concentrates to correct any deficiencies 
to physiologic levels of 70%-120%. Controls had less 
inhalation injury (14% vs 50%) and the %TBSA was 
much lower (17 ± 17 vs 36 ± 24); one might, therefore, 
expect the control arm with less injury severity to have 
a significantly lower mortality (7% vs 36%)[33]. In this 
study, all patients received heparin to maintain an APTT 
of 50 s[33]. Pharmacokinetics of bolus vs continual infusion 
of phAT revealed that continual infusion consumed 
less drug over time and sustained fewer unintentional 
decreases in plasma once the steady state was reached; 
this also provided a cost benefit for the patient[33]. 

Lavrientieva et al[34] published a prospective, randomized 
study of 31 severely burned patients comparing phAT-
treated patients with controls. AT administration was started 
from the 1st post-burn day and continued for the next 3 
d[34]. The AT dose was titrated to the target value of plasma 
AT activity > 150%[34]. The baseline AT in controls was 
54.7% ± 26% on admission and increased to 70.4% ± 
19% on day 4; the baseline AT in the phAT-treated patients 
was 44.3% ± 16% and increased to 121.2% ± 18%[34]. 
On the basis of specific coagulation markers for DIC such 
as thrombin-AT complex (TAT) and D-dimer, 19 (61.3%) 
of patients had non-overt DIC on admission and 9 (29%) 
had overt DIC on admission[34]. The study did not provide 
subset analyses of their patients, separating the less injured 
%TBSA from the more severely injured ones[34]. 
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Table 1  Literature review of plasma-derived antithrombin studies in human burn patients

Ref. # phAT 
patients

#
controls

Age (yr) 
mean

%TBSA # doses Admit AT 
% levels 

phAT dose 
units

AT % level 
desired

AT % level 
achieved

AT Level 
predict 

mortality

Other

1Danielsson et al[31], 
1997

    6   8 37
(20-56)

49
(26-75)

9 d < 50 333-3800 > 70 50-75 None Heparin also

3Kowal-Vern et 
al[7,15], 2000-2001

    9   9 45-30 40-45 9 q 8 h 45
(35-55) 

97 U/kg 
per dose

175 120
(95-145)

None Pneumonia↓ in 
AT-treated

3Kowal-Vern et 
al[40], 2003 

    2   0 1.8 70 9 q 8 h 25-66 1000 U/
dose

200 173
(114-224)

None None

Del Principe[32],  
2003 

  50   0 < 16 > 30 9 q 8 h -- -- 100 105
(85-125)

P = 0.0005 None

2Niedermayr et 
al[33], 2007 

108 93 53
(30-76)

36
(12-60)

-- 85
(63-107)

-- 70-120 70-120 P = 0.003 Heparin also 
(APTT-50 s)

4Lavrentieva et 
al[34], 2008 

  15 16 22-66 44
(22-66)

3 d 44
(28-81)

65 U/kg 
per day

> 150 124
(106-148)

None AT-treated ↑ 
survival P = 0.004

In age, %TBSA. 1AT-treated group received continuous unfractionated heparin from day 3. One thousand six hundred and sixty-seven U/patient daily as 
did the controls; 2The controls had less inhalation injury (14% vs 50%) and the %TBSA was much lower (17 ± 17 vs 36 ± 24); 3Calculations for the loading 
dose were 97 U/kg per loading dose and the next 9 doses were at 2/3 of the loading dose; 4Unknown if AT given q 8 h or as a continuous infusion. AT: 
Antithrombin; phAT: Plasma-derived antithrombin; TBSA: Total body surface area; U: Units.
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severity of the burn with a well-defined escharotomy 
scar on the lower extremity. Figure 4 shows how easily 
the eschar is peeled back off the viable subcutaneous 
tissue below. Histopathology showed viable sebaceous 
glands and a vascular bed at the separation edge 
beneath the burnt non-viable skin[40]. 

Human and ovine studies of AT concentrates for 
pulmonary injury in burn trauma
Utilizing AT concentrates as replacement therapy for 
burn trauma, there has been one human study assessing 
pulmonary function and a number of ovine model 
studies evaluating burn trauma and specifically lung 
pathophysiology. Although a small study, the Loyola 
group compared nine phAT-treated burn patients to 23 
control patients[7]. Forty-three percent of controls and 
23% of phAT-treated patients developed pneumonia, 
P < 0.01[7]. With potential decreased airway resistance 
and increased oxygenation, phAT-treated patients had 
significantly fewer episodes of pneumonia compared to 
controls[7]. AT concentrate infusions were judged safe 
and a good option to shorten hospital stay, promote graft 
viability and survival, and improve pulmonary function in 
burn injury[7,15]. 

In a later comparison study of 11 Inhalation injury 
patients to 11 inhalation + burn injury patients, the inhal-
ation group had a significantly lower 5% ± 4% TBSA 
compared to 37% ± 24% TBSA in the inhalation+burn 
group, P < 0.001[41]. phAT plasma levels were significantly 
decreased in inhalation ± burn injury patients (41% 
+ 16% of normal) compared to those with inhalation 
injury (81% ± 26%), P < 0.003[41]. The bronchoalveolar 
lavage (BAL) did not show any AT levels in the inhalation 
only patients, but the inhalation + burn injury patients 
had 1% ± 3% phAT in the lavage[41]. TNF-a levels were 
significantly increased in BAL compared to plasma on 
admission and days 3-6 in both groups, P < 0.001[41]. 
BAL IL-6 levels increased in severity through days 3-6, 
in contrast to plasma levels which decreased in intensity 

Kowal-Vern et al[15] prospectively studied 18 patients 
with ≥ 20% TBSA burns ± inhalation injury to assess 
phAT concentrate infusions for safety and efficacy, 
and impact on pulmonary function. Since phAT had 
not been previously utilized in burn trauma, patients 
were consented on the basis of their decision to either 
receive the concentrate or to enter as a control patient, 
not randomized. Nine patients received q 8 h phAT 
concentrate infusions to raise the plasma level in the 
first 72 h of hospitalization[15]. The empiric choice, to 
maintain a high level at > 175% plasma levels was 
not adequate in treating these patients, to prevent 
thrombosis of blood vessels, DIC, and stymie the SIRS 
response that was initiated by release of the thrombin 
into the circulation (Figure 1)[15]. 

The loading dose and q 8 h dosing strategy showed 
variable levels of phAT in patients over the course of 3 d, 
(Figure 2)[15]. 

Changes in coagulation activation, fibrinolysis, and 
anti-inflammatory effects did not extend past the last 
phAT concentrate dose[15]. More than likely, the half-
life of phAT was decreased due to the consumption and 
loss during the acute resuscitative period. By day 5, 
control patient AT levels were returning to normal in the 
less severe cases; liver production of AT was, therefore, 
intact in most cases unless liver failure developed 
during treatment[15,35]. Aspartate aminotransferase levels 
are markedly elevated in burn patients compared to 
other liver enzymes most likely as a reaction to the 
inflammation that is occurring rather than liver disease 
or failure on admission[35]. 

Several investigators recommended that phAT 
concentrates be given to achieve > 200% plasma level 
for adequate anticoagulation and anti-inflammatory 
activity[36-39]. One patient with 80% TBSA and inhalation 
injury received the higher recommended doses of phAT 
concentrate and the four extremity eschar was easily 
separated from the viable subcutaneous tissues with 
no blood loss and no excision[40]. Figure 3 shows the 
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Figure 1 AT levels after calculations for bolus single infusions to attain > 
175% plasma antithrombin levels (personal file AKV). AT: Antithrombin.
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Figure 2  A 72 h depiction of q 8 h dosage coefficient of variations for the 
antithrombin-treated burn patients (black dots) compared to control plasma 
antithrombin levels (white squares) (personal file AKV). AT: Antithrombin.
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by days 3-6[41]. This increase and persistence of BAL 
TNF-a and IL-6 may have contributed to the pulmonary 
perturbations of these patients.

The major work on lung pathophysiology in burn 
trauma and smoke inhalation injury has been performed 

at the University of Texas Medical Branch in Houston, 
Texas[8,42-44]. They have shown therapeutic benefits of 
rhAT on burn injury and pulmonary function in their 
well-established ovine burn and smoke inhalation-
induced model of acute lung injury/acute respiratory 
distress syndrome (ARDS)[8,42-44]. The ovine model is a 48 
h protocol of burn and smoke inhalation injury in sheep 
with different medication regimens[8,42-44]. Murakami et 
al[8] investigated the treatment impact of rhAT on sepsis 
after smoke inhalation in sheep and found that rhAT 
attenuated the septic shock and the acute lung injury 
and maintained platelet counts at baseline. Enkhbaatar 
et al[42] were able to prevent the formation of airway 
fibrin clots causing airway obstruction and Acute Lung 
Injury and ARDS, with aerosolized anticoagulants (rhAT 
and heparin) and attenuated all the expected pulmonary 
pathophysiology. 

In contrast to the Kybersept trial where the com-
bination of phAT and heparin increased bleeding episodes, 
there was no increased bleeding noted by the combination 
of intravenous rhAT and aerosolized heparin[42]. This 
may possibly be a result of the increased affinity of 
rhAT to heparin, and less competition for attachment 
to the endothelial surfaces of blood vessels. The other 
explanation may be that the mode of agent delivery 
by separate intravenous and aerosolized routes results 

in different modes of interaction with the coagulation 
cascade and fibrinolysis. Rehberg et al[43] put together 
a useful compendium of their research with the ovine 
model and pulmonary pathophysiology in burn trauma. 
Two centers have described the phenomenon of leukocyte 
activation contributing to pulmonary vascular permeability 
and pulmonary edema in conjunction with inflammatory 
agents such as thrombin which promotes systemic 
capillary leakage and systemic interstitial edema[44,45]. 

DIC 
DIC is defined by the International Society on Thrombosis 
and Hemostasis as an “acquired syndrome characterized 
by the intravascular activation of coagulation with loss 
of localization arising from different causes”[46]. It is a 
clinicopathologic diagnosis and requires the following 
laboratory diagnostic tests in an acute care setting: 
Platelets ≤ 100000/mm3, increased fibrin related markers 
as D-dimer or fibrin degradation products, a prolonged 
prothrombin time (PT), a prolonged activated partial 
thromboplastin time (aPTT), and a fibrinogen (Fbg) < 1 g 
per liter[46]. Depending on the score, it can be diagnostic 
of either overt or non-overt DIC[46]. These required 
parameters for diagnosing DIC have not always been 
utilized by studies on burn in the literature. The clearest 
indication for use of AT replacement in trauma may be 
in the treatment of severe thermal burns. Hemostatic 
interactions are composed of the coagulation system, 
the fibrinolytic system, cellular elements (platelets, 
endothelium), and vasculature balanced in an intricate 
interrelationship to maintain homeostasis. Most of the 
global markers of hemostasis as PT, aPTT, and Fbg are 
not sensitive enough to detect a hypercoagulable state, 
changes in fibrinolysis, or non-overt DIC. Thus, PT, aPTT, 
and Fbg levels provide only a superficial impression of 
hemostasis and become abnormal only when severe 
coagulation-related disorders are established. Acute 
thermal injury initiates an activation of coagulation and 
fibrinolysis resulting in either an overt or non-overt 
DIC, which increases in severity with the severity of the 
injury (%TBSA/inhalation injury)[35,47,48]. These hemostatic 
abnormalities are a result of increased consumption 
of coagulation and fibrinolytic factors, dilution by the 
resuscitative fluids, and loss of plasma and fluids through 
the injured integument. AT concentrates have been used 
successfully in patients with DIC[20-23]. 

Significant coagulation abnormalities in burned 
patients have been demonstrated in the literature for 
the past 30 years. A detailed discussion of these would 
deserve a separate review. Prior to providing phAT 
concentrates to burn trauma patients, both Kowal-Vern et 
al[35] and Lavrentieva et al[47] investigated the coagulation 
and fibrinolytic markers in these burn patient populations 
to determine the extent of the coagulopathy present. 
Most pronounced was the decrease in AT, which was 
significantly suppressed on the first day of burn injury 
and correlated with the degree of burn injury; it was 
also the earliest to recover by day 5 to within normal 

Kowal-Vern A et al . Antithrombin in burn trauma

Figure 3  The severity of injury requiring an escharotomy in a burn patient 
with 80% total body surface area (personal file AKV).

Figure 4  The “peeling off” of the eschar, not requiring knife excision with 
exposed viable subcutaneous tissue and minimal bleeding (personal file 
AKV).
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levels[35]. These abnormalities caused an increased state 
of fibrinolysis and thrombogenicity in the patients, which 
was confirmed by specific markers of activation such as 
D-dimer, TAT complex, plasminogen activator inhibitor-1, 
and tissue plasminogen activator[35,47]. 

The DIC pathophysiology initiates coagulation and 
fibrinolysis through endothelial cells or tissue injury, with 
release of cytokines and other acute phase reactants. Once 
activated, the proteolytic enzymes, thrombin and plasmin, 
circulate systemically; their respective concentration 
determines either a bleeding or thrombotic tendency. AT 
protects the body against excess clotting by neutralizing 
thrombin; it is the most important physiological inhibitor 
of thrombin and factor Xa. In all instances of significant 
trauma, AT is consumed and plasma AT levels may rapidly 
decrease to levels at which the process of coagulation 
will proceed unchecked, quickly leading to deficits in 
oxygenation, organ failure and shock. There is a significant 
body of literature that correlates low levels of plasma AT 
following severe injury and trauma, with an increase of 
organ failure and death. AT replacement may affect the 
outcome of all of these conditions. 

SIRS 
The human body maintains homeostasis with all systems 
such as coagulation, inflammation, and innate immunity 
on a daily basis; any insult such as burn, inhalation, 
infection, sepsis induces a SIRS reaction to control and heal 
the injury imposed on the body[49]. The cytokine cascade 
initiates pulmonary inflammation even in the absence of 
smoke inhalation. AT is a key protagonist affecting not 
only the coagulation cascade, but also modulating the 
cytokine release and a major anti-inflammatory agent 
in plasma, counteracting the boundless SIRS release on 
the homeostasis of an acutely injured burn patient. AT 
promotes the release of prostacyclin on the endothelial 
surface which, as an anti-inflammatory agent, counteracts 
the production of monocytes and inhibits the release of 

cytokines such as TNF-a[13,14]. Hur et al[50] evaluated 67 
burn patients with 27 cytokines and found that IL-1RA, IL-6, 
and MCP-1 may be used to predict mortality[50]. It appears 
that the presence and intensity of cytokines, chemokines 
and growth factors in the pulmonary bronchi and alveoli 
corresponds to the severity of the inhalation injury[51]. 

Neonatal rats receiving 100% oxygen for 9 d developed 
pulmonary edema and hypercellularity on days 1-3 which 
resolved by days 6-9; this condition was accompanied by 
the production of TNF-a and IL-6 in the bronchoalveolar 
lavage which were not present in the control rats[52]. Intra-
alveolar TNF-a and IL-6 were also significantly increased in 
a rat model subjected to burn and inhalation injury[53]. 

Thrombosis and thromboembolism
There is an interrelationship between the degree of 
burn and the extent of thrombosis in burned tissue[54]. 

A second-degree burn has thrombi in the venules only, 
and a third-degree burn has thrombi in the venules and 
arterioles[55]. Cotran et al[56]  have elegantly demonstrated 
by electron microscopy, in a rat model, that after a mild 
thermal injury and at the periphery of more severe 
burns, there is an increase in vascular permeability 
produced by gaps in the endothelium with no demon-
stration of endothelial damage[56]. As the severity of 

thermal injury increases, arterioles, small vessels, and 
capillaries undergo endothelial necrosis or stasis; larger 
vessels may continue to leak[56]. When stasis occurs, an 
amorphous material, chylomicra or thrombi of platelets, 
and necrotic debris clog the vascular lumen[56]. Animal 
studies have shown that the presence of infection and 
sepsis induces a significant increase in thrombosis and 
distant pyogenic abscesses[56-58]. Autopsy cases have 
shown pulmonary microthrombi and partially dissolved 
fibrin in vessels of burn patients contributing to sludging 
of cells in vessels[59]. However, there have been no prior 
published histopathological representations of “normal” 
and phAT-treated human third degree burnt skin, Figure 
5 (unpublished data). Subcutaneous tissue vascular 
thrombi and debris are depicted in Figure 6 (unpublished 
data).

Cardiac function
Burn patients are known to have myocardial dysfunction 
which increases in severity with the severity of the injury 
and is worse if there are any cardiac co-morbidities present. 
In their ovine burn and smoke inhalation model, Rehberg 
et al[60] have noted that post injury infusion of 6 U/kg per 
hour of rhAT for 48 h improved myocardial contractility and 
decreased myocardial oxygen consumption. In addition, 
TNF-a and IL-6 were not released and the sheep did not 
accumulate as much systemic fluid[60].

Bacterial translocation
Many of the infections seen in burn patients appear to 
come from the bacteria transferred from the gut into the 
systemic circulation to provide the nidus for the infectious 
complications of burn patients[61]. The ovine model of 
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Comparison of AT(H)-treated skin on the left to the control burnt skin on 
the right of the ruler. There are more microthrombi in the control burnt skin 
beneath the surface. The under-surface of the burn is more vascular in the 
AT(H)-treated skin

Figure 5 A representation of the pathology in third degree burnt skin from 
a patient treated with plasma-derived antithrombin and in patient without 
plasma-derived antithrombin treatment. Whereas the skin beneath the control 
eschar is dead and non-viable with clotted and coagulated blood vessels, the 
skin and subcutaneous tissue beneath the phAT-treated skin is more viable 
in comparison with fewer thrombi (personal file AKV). phAT: Plasma-derived 
antithrombin.
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burn and smoke inhalation injury documented that when the 
lung is injured, gut bacteria are transported systemically 
during acute injury because blood is shunted from the 
intestinal tract into the cardiopulmonary system, and 
through the systemic capillary leakage[43]. Using an Albino 
rat model, Herek infused the animals with phAT with 250 
U/kg phAT prior to infecting them and creating a burned 
surface; phAT-treated rats had reduced intestinal villi 
degeneration and decreased bacterial translocation to 
mesenteric lymph nodes, spleen and liver compared to 
sham and control rat (P < 0.02)[62]. This study followed 
the work of Ozden et al[63] who showed that an infusion 
of phAT prevented an ischemic reperfusion injury in the 
rat.

DISCUSSION
There are two forms of AT used in these studies-rhAT 
and phAT. rhAT has been primarily used in basic/
animal research studies, while phAT has been used in 
clinical studies. This may lead to questions about the 
relevance of the basic science studies to human care. 
The safety of the commercially produced phAT and rhAT 
concentrates in treating acquired and congenital AT (H) 
deficiencies has been well documented. High dose AT 
replacement has been supported in polytrauma and 
patients with septic shock and DIC[20,23,25]. 

AT use in disseminated intravascular coagulopathy 
and sepsis has been evaluated but has not yet been 
proven useful conclusively[3-6]. It is still worthwhile to 

pursue AT as a potential treatment in burn and inhalation 
injury[64]. AT would be of extreme value to the (3%-9% of 
burn patients with ≥ 25% BSA) as well as to inhalation 
injury patients. With the research recommendations for 
high AT dosing (> 200%), the lack of bleeding during 
burn eschar removal may eliminate the need for blood 
transfusions, an intervention known to increase infectious 
complications and mortality in burn patients[65]. There are 
no new products in development with both anticoagulant 
and anti-inflammatory potential such as those possessed 
by phAT and rhAT to treat severe thermal burns. Not 
only do rhAT and phAT have the potential to inhibit 
thrombin and thrombin generation, they can also reduce 
the systemic inflammatory response that contributes 
to pulmonary and organ failure, and shock. The vast 
majority of products in active clinical development for 
the treatment of burns and inhalation injury does not 
address systemic injury and falls into the following 
categories: topical wound healing formulations, artificial 
skin products and temporary wound coverings, products 
for the control of bacterial colonization at wound sites, 
cultured skin and cells for dermal tissue repair, and 
proteolytic enzymes. 

Future research to maximize the practical impact on the 
field
AT research requires a multicenter randomized placebo-
controlled clinical trial. Accrual may be challenging because 
of smaller numbers (3%-9% of the burn population) 
than those of patients with sepsis or DIC, but 100-200 
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Figure 6  The thrombi, sludge and necrotic debris in burnt skin subcutaneous tissue blood vessels. A: Illustrates a blood vessel with sludge and fibrin debris; 
B: Depicts a small vessel with fibrin debris; C: Shows a clotted vessel; D: A larger vessel occluded with amorphous material. Magnification 40-100 ×, PTAH staining 
(personal file AKV).
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patients with reproducible and creditable results would 
likely determine the utility of AT therapy. This is certainly 
attainable. 

Going forward, primary research objectives should be 
to determine whether rhAT can safely replace phAT and 
can maintain AT plasma levels between 200%-250% 
(normal AT plasma level = 80%-120%) in the first three 
days post-burn. Secondary objectives are to determine 
whether patients who receive rhAT or phAT realize 
significant reductions in pneumonia rates, extent of 
grafting needed, acute care stays, mechanical ventilation, 
the number of days of supplemental oxygen, positive 
end-expiratory pressure, and mortality. Decreases in the 
frequency of organ failure may also be found. It would 
also be quite worthwhile to assess the effect of high-dose 
AT on burn eschar “peeling off” to decrease the need for 
operative excision.

The lower cost of rhAT may also allow for dissemination 
of this treatment approach in lower income international 
communities, where burn injuries are prevalent, highly 
morbid and often fatal.

CONCLUSION
AT therapy for patients with major burn and inhalation 
injuries may be a very valuable adjunct to standard 
treatment. The current literature has shown, albeit 
in small studies in the civilian population and animal 
research, that AT therapy has a positive effect on 
pulmonary function, wound healing, with a decrease in 
pneumonia and mortality. rhAT may be a very viable 
option because the literature has shown that it is safe 
in humans and animals. AT infusions have shown a 
positive effect on capillary leakage, pulmonary function, 
wound healing, DIC, inflammation, cardiac function and 
decreasing bacterial translocation systemically, pneumonia 
and mortality. Human study volunteers, given endotoxin 
and rhAT concentrates in doses as high as 200% and 
500% of normal AT levels, tolerated them safely. It is 
time for a multicenter, randomized, placebo-controlled. 
Standardization of burn trauma patients should include 
the DIC scoring system guidelines recommended by the 
International Society of Thrombosis and Hemostasis[46]. AT 
levels should be targeted to more than therapeutic levels 
(200%-250%) over a four day period after injury for the 
most beneficial clinical response in burn patients with ≥ 
25% TBSA. rhAT pharmacokinetics should be initiated in 
burn and inhalation patients to determine the appropriate 
dosage for treatment response. Each of the proposal 
elements represents a significant technological challenge 
and medical advance. The development of this treatment 
modality has universal benefits for severe burn trauma 
patients, both on the battlefield or in the civilian sector. 
In addition, the broad benefits of AT treatment may be 
widely applicable in a variety of traumatic injuries and 
acute care settings.
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Abstract
Alcohol is the most commonly used and abused drug in 
the world, and alcohol use disorders pose a tremendous 

burden to healthcare systems around the world. The 
lifetime prevalence of alcohol abuse in the United States 
is estimated to be around 18%, and the economic 
consequences of these disorders are staggering. Studies 
on hospitalized patients demonstrate that about one 
in four patients admitted to critical care units will have 
alcohol-related issues, and unhealthy alcohol consumption 
is responsible for numerous clinical problems encountered 
in intensive care unit (ICU) settings. Patients with alcohol 
use disorders are not only predisposed to developing 
withdrawal syndromes and other conditions that often 
require intensive care, they also experience a considerably 
higher rate of complications, longer ICU and hospital 
length of stay, greater resource utilization, and significantly 
increased mortality compared to similar critically ill patients 
who do not abuse alcohol. Specific disorders seen in the 
critical care setting that are impacted by alcohol abuse 
include delirium, pneumonia, acute respiratory distress 
syndrome, sepsis, gastrointestinal hemorrhage, trauma, 
and burn injuries. Despite the substantial burden of alcohol-
induced disease in these settings, critical care providers 
often fail to identify individuals with alcohol use disorders, 
which can have significant implications for this vulnerable 
population and delay important clinical interventions.

Key words: Alcoholism; Alcohol withdrawal delirium; 
Alcohol-related disorders critical illness; Intensive care; 
Pneumonia; Sepsis; Acute respiratory distress syndrome; 
Delirium; Trauma

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Alcohol abuse is a major problem among hos-
pitalized patients, and alcoholics are predisposed to 
developing critical illness while also facing increased rates 
of complications and mortality compared to non-alcoholics. 
The objective of this review is to examine the literature 
and summarize specific disorders encountered in intensive 
care unit settings that are impacted by alcoholism. Since 
alcohol use disorders are poorly recognized in hospitalized 
patients, this effort aims to raise awareness for critical care 
practitioners who frequently manage these susceptible 
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(NIAAA) recognizes the potential benefits of moderate 
alcohol consumption. According to dietary guidelines, 
“moderate” is considered to be an average of no more 
than two standard drinks per day for men and one 
standard drink per day in women[8]. Research from the 
NIAAA shows that staying within these weekly limits as 
well as not exceeding more than 3 drinks in any given 
day for women and 4 drinks for men poses a very low 
risk for developing an alcohol use disorder (AUD). An 
AUD is an unhealthy pattern of alcohol use that causes 
significant clinical impairment and has been explicitly 
defined in the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-V) to meet at least two of 11 specified 
criteria[9]. The total number of criteria that are satisfied 
determines the severity, with two the three symptoms 
denoting a mild AUD, four to five signifying a moderate 
disorder, and six or more representing a severe problem. 
The DSM-V has abandoned the categorizations of “alcohol 
abuse” and “alcohol dependence” that were previously 
defined in the earlier edition, DSM-IV[10]. While alcohol 
abuse and dependence represent different physiological 
effects of alcohol, for classification purposes these terms 
have been replaced with the single characterization of an 
alcohol use disorder.

Given that AUDs are common in critical illness and 
contribute significantly to morbidity and mortality, it is 
surprising that we are so poorly equipped to recognize 
the presence of these disorders in this population. 
Excessive alcohol use impacts one out of every four 
to five admissions to the ICU[11]. One review of the 
literature reported this frequency to be as high as 
33%[12], and the rate of AUDs are even higher among 
patients admitted after traumatic injury[13]. In parallel, 
studies among hospitalized patients with alcohol use 
disorders revealed that clinicians correctly identified the 
diagnosis in only 25% of cases[14], and in critical care 
settings almost three quarters of surveyed ICUs used 
no tool to assess for alcohol use disorders and alcohol 
withdrawal syndromes[15]. Several explanations may 
support these findings. First, individuals with alcohol 
use disorders may not always be forthcoming about the 
extent of their drinking, and worse, may not recognize 
that they themselves have a problem. Second, during 
acute illness-and especially in the ICU setting-patients 
may be unable to provide history or suffer from alteration 
in mentation that either precludes the gathering of this 
information or renders it significantly more challenging. 
Finally, practitioners may fail to elicit this history for a 
variety of reasons, such as a perceived lack of relevance 
of this information to the acute presentation. Regardless 
of the rationale, failure to recognize the impact of alcohol-
related disease during critical illness can have significant 
implications for this vulnerable patient population. 
Precisely, it is important for critical care providers 
to understand that the potential for complications 
from acute interventions is heightened, and possible 
therapeutic opportunities may be delayed if alcohol use 
disorders are not appropriately identified. 
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INTRODUCTION
Social, pathological, and medicinal uses of alcohol have 
been a component of human tradition for thousands of 
years. While there are obvious therapeutic properties of 
alcohol, its excessive consumption poses a significant 
burden to healthcare systems in the United States and 
globally. Indeed, alcohol has become the most widely 
used and abused drug in the world[1]. A national survey 
illustrated that more than 50% of individuals above the 
age of 12 drink alcohol regularly on at least a social level, 
almost a quarter participate in binge drinking, and 7% 
described habitual heavy consumption, which translates 
into over 17 million Americans[2]. Epidemiological data 
report the lifetime prevalence of alcohol use disorders 
in the United States to be an astounding 18%[3]. The 
economic consequences of alcohol abuse have been 
estimated to be upwards of $200 billion annually, of 
which 11% is directly attributable to healthcare costs[4]. 
These figures are also likely underestimated as they 
fail to incorporate data from patients whose alcohol 
use disorders went unrecognized by their clinicians, a 
situation that occurs commonly in inpatient settings.

Driven by the widespread systemic effects of alcohol, 
multiple comorbidities, and poor nutrition, individuals 
with alcohol use disorders frequently require hospital 
admission for ailments both related and unrelated 
to alcoholism. Studies on hospitalized patients have 
suggested that between 20% to 40% of inpatients have 
alcohol-related conditions[5-7]. The effect is particularly felt 
in medical and surgical intensive care units (ICUs), which 
have been overwhelmingly impacted by the burden 
of unhealthy alcohol use. Alcoholics are not only at an 
increased risk for suffering critical illness, but they also 
experience a greater likelihood of complications, poorer 
outcomes, and increased healthcare utilization compared 
to those patients who do not have alcohol use disorders. 
Despite these observations, recognition of alcohol use 
disorders in hospitalized patients and particularly among 
individuals in the ICU is inadequate. This review will focus 
on specific conditions encountered in the critical care 
setting that are impacted by the considerable burden of 
pathologic alcohol consumption. 

RECOGNITION OF ALCOHOL USE 
DISORDERS
The National Institute on Alcohol Abuse and Alcoholism 



ALCOHOL, DELIRIUM AND 
WITHDRAWAL SYNDROMES
Delirium is an acute state of confusion that is characterized 
primarily by inattentiveness. While many risk factors have 
been identified, medical illness commonly precipitates as 
well as exacerbates delirium. Thus, it occurs with high 
prevalence among hospitalized patients. Experts reveal 
that delirium occurs in about 30% of older patients 
at some point in time during their hospitalization, and 
individuals who develop delirium during their hospital 
stay have greater morbidity and mortality than those 
who do not[16,17]. In the ICU, delirium may perhaps be the 
most commonly encountered diagnosis with its reported 
prevalence reaching as high as 70%-90% depending on 
the patient population and method of assessment[18,19]. 

In a recent study, Mehta et al[20] assessed different 
risk factors for the development of delirium among 
critically ill, mechanically ventilated patients and found 
that delirium was significantly more common among 
those with a history of alcohol use compared to those 
without this history. Importantly, in this same study, 
those individuals that developed delirium had a longer 
duration of mechanical ventilation, a greater likelihood 
of requiring tracheostomy, and an overall longer hospital 
stay compared to those who did not develop delirium. 
Alcohol abuse as a risk factor for the development of 
delirium was also confirmed in a recent meta-analysis[21]. 
In the multivariate analysis, alcohol use had the 
highest odds ratio for the development of delirium after 
advanced age and mechanical ventilation. This key 
finding suggests that an assessment for alcohol use is 
absolutely necessary in critical care settings to identify 
those individuals who have a greater propensity towards 
experiencing delirium and ultimately poor outcomes. 
While many risk factors cannot be modified, it would be 
valuable to identify those patients with the greatest threat 
of developing delirium so that clinicians acknowledge and 
readily act upon those factors that are modifiable.

Recognition and identification of alcohol use disorders 
in critically ill patients is essential for a variety of other 
reasons as well. Specifically, chronic alcohol consumption 
significantly increases possibility of developing alcohol 
withdrawal syndromes, which include withdrawal seizures, 
alcoholic hallucinosis, and delirium tremens. Withdrawal 
syndromes, and especially delirium tremens, can be life 
threatening and occur in about 20% of alcoholics who stop 
drinking acutely[22]. Given the prevalence of alcohol use 
disorders in ICUs, this represents a significant burden 
among critically ill patients. Further, treatment of alcohol 
withdrawal syndromes has been linked to greater 
morbidity and resource utilization particularly in the 
ICU[23]. Delirium tremens carries a mortality rate between 
5% and 15%[24], and treatment guidelines underscore 
the importance of early identification to ensure better 
effectiveness of therapy in these individuals. Despite its 
life-threatening nature, there continues to be a relative 
lack of data on how best to identify, screen, and prevent 

patients with a history of alcohol abuse from developing 
withdrawal syndromes, but the awareness of alcohol use 
disorders during critical illness is paramount. 

ALCOHOL, PNEUMONIA, AND 
ASPIRATION
The connection between alcohol use and respiratory 
infections can be traced back over a century. William 
Osler in his book Principles and Practice of Medicine noted 
that a tendency towards alcohol abuse was extremely 
important in predisposing individuals to developing 
pneumonia[25]. In the United States, pneumonia is the 
eighth most common cause of death overall and the 
leading cause of death from an infection. Given the high 
morbidity and mortality associated with pneumonia, it is 
a commonly encountered diagnosis in the ICU. Further, 
pneumonia not only often necessitates ICU admission, 
it can also occur as a complication critical illness after 
traumatic injury, post-operative status, and mechanical 
ventilation. 

More recent studies have continued to uphold the 
finding that alcoholism is an important risk factor for 
the development of both “typical” pneumonias as well 
as more severe respiratory infections caused by more 
virulent and atypical organisms. In a study among 
patients with community-acquired pneumonia, de Roux 
et al[26] showed that Streptococcus pneumoniae was 
seen more frequently and occurred with higher severity 
scores in alcoholics compared to non-alcoholics. In 
another prospective study among patients admitted 
with community acquired pneumonia, Chalmers et al[27] 
performed multivariate regression analysis and found that 
a history of alcohol use was an independent risk factor for 
the development of complicated parapneumonic effusion 
and empyema, further illustrating that alcoholic subjects 
have a more complex disease course even with so-called 
typical infections[27]. Prior to these investigations, Marik[28] 
undertook a study to identify clinical, microbiological, and 
prognostic features of patients with septic shock from 
community-acquired pneumonia. He showed that patients 
who presented with infections secondary to Pseudomonas 
and Acinetobacter had a particularly high mortality greater 
than 80%. In his study, the only variable that identified 
patients who developed infections from these virulent 
organisms was a history of alcohol abuse. In parallel, a 
prospective study by Bochicchio et al[29] implicated alcohol 
abuse in both the severity and frequency of ventilator-
associated pneumonias in trauma patients admitted to the 
ICU. 

There are several mechanisms that predispose 
individuals with alcohol use disorders to the development 
of these more severe pneumonias. First, chronic alcohol 
consumption alters the oropharyngeal flora such that is 
colonized by more gram-negative organisms[30]. Second, 
states of inebriation blunt upper airway reflexes and 
render these individuals more susceptible to aspiration 
of these more virulent bacteria[31]. Third, experimental 
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patients with septic shock that alcohol abuse was a 
significant risk factor for developing both pulmonary 
and non-pulmonary organ dysfunction. Taken together, 
these findings-along with an abundance of supporting 
experimental studies-highlight that the presence of 
alcohol use disorders, independent of other patient and 
illness characteristics, leave individuals vulnerable to 
infection, which occur with greater severity and more 
complications, compared to those who do not abuse 
alcohol. 

ALCOHOL AND ACUTE RESPIRATORY 
DISTRESS SYNDROME
Acute respiratory distress syndrome (ARDS) is a form 
of inflammatory lung injury and hypoxemic respiratory 
failure with specific clinical and pathological features. It 
affects about 200000 individuals in the United States 
annually and carries a mortality risk that ranges anywhere 
from 20% to 50%[47]. It is a common diagnosis in the 
ICU and occurs in about 15% to 20% of all patients that 
require mechanical ventilation. Important risk factors for 
the development of ARDS include sepsis, traumatic injury, 
pneumonia, and aspiration. As discussed earlier in this 
review, each of these risks is significantly increased in the 
alcoholic patient. 

A landmark study in 1996 identified alcohol abuse 
as an independent risk factor the development of 
ARDS[48]. In this prospective study, 351 individuals from 
medical and surgical intensive care were enrolled if they 
had a previously identified risk factor for ARDS. The 
incidence of ARDS for the entire population was 29%, 
but those with a history of alcohol use had almost twice 
the incidence compared to non-alcoholics (43% vs 
22%). The risk was even higher among those specific 
patients with sepsis as their risk factor. In this group, 
36% developed ARDS, but alcoholics had an incidence 
of 52% compared to 20% among non-alcoholics, more 
than doubling the risk. More importantly, mortality was 
also significantly higher among alcoholics who developed 
ARDS. In the aforementioned follow-up study by Moss et 
al[46] performed in patients with septic shock, the risk for 
developing ARDS was an astounding 70% for those who 
had a history of alcohol abuse compared with 31% for 
those who did not have this history. 

These initial observations in ARDS patients inspired a 
great deal of investigation on the mechanisms by which 
alcohol abuse increases susceptibility to lung injury and 
ARDS. Animal models have focused on the alveolar 
epithelium, as leakiness of this barrier system and 
consequent pulmonary edema is the characteristic finding 
in ARDS. It is worth mentioning that alcohol abuse 
plays a complex and compounding role in lung injury, as 
pneumonia, sepsis, aspiration, and traumatic injury are 
leading risk factors for the development of ARDS, but 
alcohol abuse by itself does not cause injury unless it is 
coupled with an additional insult. However, experimental 
studies have demonstrated that alcohol abuse primes 

models have demonstrated that chronic alcohol exposure 
impairs normal host defense mechanisms of the airway 
such as mucociliary clearance[32]. Finally, pathologic 
alcohol consumption impairs function of the primary 
innate immune cell of the lower airways-the alveolar 
macrophage-in both experimental models and human 
subjects[33-37]. Taken together, these data highlight the 
significant alterations in host immunity that predispose 
alcoholics to the development of lower respiratory tract 
infections. 

ALCOHOL AND SEPSIS
Sepsis is a systemic inflammatory syndrome that 
occurs as a result of a severe infection. It is a leading 
cause of death in the hospital and, as a result, is a 
frequently encountered diagnosis in the ICU. Studies 
have indicated the incidence is rising and amounts to 
more than a million cases annually[38]. Importantly, 
the mortality from sepsis is substantial and increases 
across the spectrum from SIRS to septic shock, 
which has a mortality rate close to 50%[39]. The role 
of alcoholism in increasing the risk and severity of 
sepsis has been shown in both experimental models and 
human studies. In 2013, Yoseph et al[40] demonstrated 
that mice that were alcohol-fed for 12 wk have almost 
double the mortality as water-fed mice when they 
were subjected to the same septic insult. The authors 
concluded that alcohol altered intestinal integrity and 
host immune response, which explained the significant 
difference in mortality. The prior year, Barros et al[41] 
showed similar findings in rats that were alcohol-fed 
for 4 wk. Interestingly, when the alcohol-fed rats were 
separated into two groups based on amount of alcohol 
consumed, they found that mortality was six fold 
higher on animals that received higher doses of alcohol 
compared to those receiving lower amounts of alcohol. 
In fact, those animals that consumed less alcohol had 
mortality rates similar to those that did not receive 
any alcohol at all. These findings are consistent with 
the idea that in moderation alcohol is not harmful, but 
excessive consumption is detrimental to health. These 
authors also demonstrated that cytokine profiles were 
significantly different in alcohol-fed compared to control-
fed rats, indicating that chronic alcohol consumption 
led to a greater severity of infection. Several other 
experimental sepsis studies are consistent with the idea 
that sepsis has worse outcomes in the setting of alcohol 
abuse[42-44].

Human studies have largely been consistent with 
the well-established findings in experimental models 
that chronic alcohol use both predisposes to and 
worsens outcomes of sepsis. Specifically, when O’
Brien et al[45] examined over 11000 patients admitted 
to the ICU of two urban hospitals over a six-year 
time frame, they found that alcohol dependence was 
independently associated with sepsis, septic shock, 
and mortality. Previously, Moss et al[46] showed in a 
prospective epidemiological study of 220 critically ill 
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the alveolar epithelium for injury by promoting oxidative 
stress[49], increasing epithelial permeability and protein 
leak[50], and impairing fluid clearance through alterations 
in tight junction proteins within the epithelial barrier[51]. 
These findings at least partially explain why alcoholics, 
independent of their risk for developing pneumonia and 
sepsis, are more likely to develop acute lung injury. 
While we still do not have any approved therapies 
aimed explicitly at reversing alcohol-induced pulmonary 
dysfunction, experimental investigations and early 
human studies show promise that specific nutritional 
supplements and antioxidants may one day have a role 
in the treatment of this phenotype[33,52-54].

ALCOHOL AND GASTROINTESTINAL 
ILLNESS
Chronic alcohol consumption has deleterious effects 
throughout the entire gastrointestinal system, including 
the liver, pancreas, esophagus, gastric mucosa, and 
malabsorption syndromes involving the small intestine. 
Cirrhosis of the liver is the characteristic organ dysfunction 
induced by longstanding unhealthy use of alcohol. 
According the American Liver Foundation, in the United 
States alcoholism is the number one cause of cirrhosis 
and chronic liver disease, which combine to represent the 
twelfth most common cause of death in the country[55]. 
In addition to morbidity and mortality associated with 
cirrhosis itself, it is an important comorbidity that portends 
a worse prognosis in critical illness as well. For instance, 
Watari et al[56] evaluated mortality and prognostic factors 
in individuals admitted for community-acquired pneumonia 
and found that liver cirrhosis was one of three factors that 
was associated with 30 d mortality. Importantly, cirrhosis 
was the only factor that was a pre-existing condition as 
the other two predictors-hypotension and hypoxemia-
were directly related to the severity of actual infection. 

In addition to liver disease, other gastrointestinal 
illnesses are also affected by alcoholism. For instance, 
acute pancreatitis is the most common gastrointestinal 
cause of hospitalization in the United States, with alcohol-
induced disease accounting for 30% of cases[57,58]. This 
finding represents a significant disease burden and many 
of these cases-and especially severe forms-require ICU 
admission. Gastrointestinal hemorrhage is also a frequent 
cause of ICU admission and has a significant disease 
burden with an annual incidence of about 100 cases per 
100000 in the United States[59]. In this study, peptic ulcer 
disease, mucosal erosions, and esophageal varices made 
up over 80% of cases, all of which are impacted by 
alcohol abuse. Alcoholism has been implicated in peptic 
ulcer disease[60,61], and alcohol-induced gastropathy and 
gastro-esophageal varices are known complications 
of alcoholic cirrhosis. While an alcohol abuse history is 
more predictive of a variceal source of gastrointestinal 
hemorrhage[62], studies have clearly shown that alcoholics 
are significantly more likely to have complications such 
as rebleeding from non-variceal sources of blood loss as 

well[63,64]. Taken together, these observations illustrate 
the profound impact that alcohol use disorders have in 
gastrointestinal disease and critical illness.

ALCOHOL AND TRAUMA
Trauma is one of the leading causes of mortality world-
wide, and in the United States is the leading cause of 
death in those under the age of 35[65]. The Centers for 
Disease Control and Prevention reports that approximately 
50 million individuals receive medical care for trauma 
annually, and traumatic injury comprises upwards of 30% 
of all ICU admissions[66]. The role of alcohol use has long 
been recognized as a contributor to traumatic injury for 
both unintentional (i.e., fire, fall, motor vehicle accident, 
drowning) and intentional (i.e., suicide, homicide, assault) 
injuries and death. It is estimated that 50% of all alcohol-
related deaths are due to injury, and alcohol is the third 
leading cause of preventable death in the United States[67].

Studies examining the effects of alcohol intoxication at 
the time injury have produced conflicting results. Blondell 
et al[68] evaluated over 1300 patients hospitalized after 
traumatic injury and found that almost a quarter of them 
had positive blood alcohol levels, while a similar study 
by Cornwell et al[69] found that more than 50% screened 
positive for blood alcohol levels. Interestingly, Blondell 
et al[68] found that those that were acutely intoxicated 
had shorter lengths of stay and lower mortality rates. 
Other studies have shown worse outcome for acute 
intoxication[70,71], while some have shown no difference 
when compared to patients that are not intoxicated[69,72]. 
There may be several reasons for this conflicting data. 
First, these studies only examine the effect of acute 
intoxication on patients with trauma, which may not 
represent those that have chronic alcohol use disorders. 
Second, blood alcohol concentrations at the time of 
presentation may not tell an accurate story of the true 
alcohol exposure depending on the time that elapsed 
between exposure and presentation. Third, studies may 
use different cutoffs for blood alcohol concentration in 
order to be categorized as “intoxicated”. Similarly, in 
this instance the blood alcohol concentration may not 
be representative of actual intoxication at the time of 
injury, and continues to fail in identifying the extent of 
chronic exposure. One study by Jurkovich et al[73] aimed 
to reconcile these differences by comparing the effect of 
acute intoxication against those that had an actual history 
of chronic alcohol abuse. Similar to Blondell’s study, 
they found that acutely intoxicated patients had shorter 
lengths of stay and better outcomes, but those with 
behavioral and biochemical evidence of chronic alcohol 
abuse had a two-fold increase in complication rate. The 
complications seen in this study were consistent with 
known risk factors for alcoholics, including pneumonia 
and other infections. Later studies evaluating trauma and 
surgical patients are also consistent with findings that 
individuals with a chronic alcohol abuse experience worse 
outcomes[74-76]. 

While the effect of acute intoxication on trauma 
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outcomes in general may show conflicting results, the 
effect on burn injury is much more convincing. Specifically, 
the results of large review on the topic by Howland and 
Hingson[77] demonstrated that 50% of all people who 
died in a fire were legally intoxicated. A later study by 
McGill et al[78] compared alcohol users, drug users, and 
control subjects. They found that both alcohol users 
and drug users suffered significantly more severe burn 
injuries compared to control subjects. Mortality among 
alcohol users was twice that of drug users and six times 
that of control subjects. This study was interesting in that 
alcohol users, despite a similar injury pattern, had worse 
outcomes when compared to other substance abusers. In 
this study, it may not be completely unbiased to compare 
outcomes between the alcohol group and the control 
group since the extent of injury was more severe among 
the alcoholics. However, a more recent case-control study 
by Silver et al[79] matched burn-injured patients with a 
positive blood alcohol concentration to those without 
alcohol exposure. Due to the matching design, these 
researchers were able to match the control group by age, 
gender, and extent of injury (i.e., total body surface area 
involved, inhalation injury, etc.). Despite a similar injuries 
and mechanism, those burn victims with positive blood 
alcohol concentration had significantly worse short-term 
and long-term outcomes with higher severity of illness 
scores, greater fluid requirements, worse acidemia, more 
than three-fold longer duration of mechanical ventilation, 
and more than double the ICU length of stay compared 
to matched controls. Taken together, these studies 
demonstrate the significant detrimental effects of alcohol 
exposure on burn injury outcomes. 

OTHER CONSIDERATIONS
A history of alcohol abuse also has implications for critically 
ill patients undergoing surgery[75,80-83]. The accumulated 
data from these studies suggest that patients with alcohol 
use disorders who undergo surgery have greater risks 
for complications, including delayed wound healing, 
pneumonia, and infection. They also have longer ICU 
lengths of stay and increased mortality. These observations 
are analogous to the conclusions derived from studies on 
non-surgical alcoholic patients and suggest that surgeons 
may need to be judicious about considering major elective 
surgery in these susceptible patients.

While the focus of this review has been on known 
complications of alcoholism during critical illness, there 
is a potential for alcohol use disorders to play a role 
in previously unstudied associations. For instance, 
critical illness polyneuropathy (CIP) and myopathy 
(CIM) are significant complications of critical illness. 
Sepsis, systemic inflammatory response syndrome, 
multiple organ failure, and prolonged critical illness 
are crucial risks for developing CIP and CIM[84,85], and 
intriguingly these same factors are known threats that 
alcoholics face. Further, alcoholics are clinically prone 
to both myopathies and neuropathies[86,87]. While the 
risk for CIP and CIM with alcohol abuse has not been 

formally established, this may have specific implications 
for management. Experimental studies show that 
oxidative stress plays a role in alcoholic myopathy, and 
reversing this oxidant stress is able to attenuate the 
myopathy[88-90]. 

CONCLUSION
Alcohol use and abuse are commonplace in society 
and present a major burden for our healthcare system. 
Alcohol use disorders not only predispose individuals to 
develop critical illness, but also leave these vulnerable 
patients with longer ICU stays, more complications, and 
ultimately greater mortality. Despite the pervasiveness 
of alcohol use disorders in hospitalized patients, and 
especially among those admitted to the ICU, recognition 
of these disorders remains poor and no guidelines exist 
on the best way to screen for alcohol dependence and 
risk for withdrawal syndromes. While there may be 
several explanations for why alcohol use disorders are 
not consistently identified in the ICU setting, critical 
care providers should employ any and all methods to 
better evaluate their patients for these conditions and 
their potential implications. While there are currently 
limited therapeutic options aimed directly at combating 
the alcohol-induced organ dysfunction experienced by 
critically ill patients, earlier identification will allow for 
more timely intervention and an opportunity to assist 
these individuals to confront their addiction. Hopefully, 
this approach will lead to improved outcomes as we 
await newer treatments to benefit this susceptible patient 
population. 
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Abstract
Traumatic brain injury (TBI) is a major cause of death and 
disability in children. Severe TBI is a leading cause of death 
and often leads to life changing disabilities in survivors. The 
modern management of severe TBI in children on intensive 

care unit focuses on preventing secondary brain injury to 
improve outcome. Standard neuroprotective measures are 
based on management of intracranial pressure (ICP) and 
cerebral perfusion pressure (CPP) to optimize the cerebral 
blood flow and oxygenation, with the intention to avoid 
and minimise secondary brain injury. In this article, we 
review the current trends in management of severe TBI 
in children, detailing the general and specific measures 
followed to achieve the desired ICP and CPP goals. We 
discuss the often limited evidence for these therapeutic 
interventions in children, extrapolation of data from adults, 
and current recommendation from paediatric guidelines. 
We also review the recent advances in understanding 
the intracranial physiology and neuroprotective therapies, 
the current research focus on advanced and multi-modal 
neuromonitoring, and potential new therapeutic and 
prognostic targets. 

Key words: Paediatrics; Intracranial pressure; Traumatic 
brain injury; Neuroprotection; Paediatric critical care; 
Advanced neuromonitoring
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Core tip: Paediatric traumatic brain injury (TBI) causes 
significant morbidity and mortality. The modern 
management of severe TBI in children focuses on 
preventing secondary brain injury to improve outcome. 
In this article, we review the current management 
of severe TBI in children. We also review the recent 
advances in understanding intracranial physiology and 
neuroprotective therapies, advanced and multi-modal 
neuromonitoring, and potential new therapeutic and 
prognostic targets. 
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INTRODUCTION 
Traumatic brain injury (TBI) is a major cause of death 
and disability in children and young adults worldwide. 
It is considered a “silent epidemic” because the general 
public is mostly unaware of the scale of the problem[1]. 
In the United States, it is estimated that around 1.7 
million people sustain TBI each year, and in Europe 235 
per 100000 people are admitted to hospital following a 
TBI[2,3]. Data from many parts of the world consistently 
show peak incidence rates in children, young adults and 
elderly people.

TBI occurs when head suffers the influence of an 
external mechanical force. This force can displace 
brain inside the skull and induce injury against the 
meningeal membrane or the cranium. Acceleration and 
deceleration forces can also disrupt nervous tissue and 
blood vessels of the brain. All grades of injury can occur, 
ranging from mild to severe TBI with cerebral oedema 
or large collections of blood. Severe TBI, defined as a 
post resuscitation Glasgow coma scale (GCS) of less 
than 9[4], is associated with highest rates of mortality 
and significant morbidity in survivors often causing life 
changing disability and cognitive function loss[5]. 

The mechanism of injury in TBI comprises of primary 
and secondary injuries. The primary injury is the direct 
consequence of the initial physical insult. It comprises 
irreversible cell damage that is the main determinant of 
clinical outcome. In the secondary injury, inflammatory 
and neurotoxic responses triggered by the primary 
injury induce oedema, hypoperfusion, hypoxia and 
ischaemia[6-8]. These changes often lead to raised 
intracranial pressure (ICP), temperature dysregulation, 
loss of autoregulation and seizures[9]. Much of these 
secondary injuries may be amenable to intervention, 
and left untreated can significantly increase morbidity 
and mortality associated with TBI[6]. 

Raised ICP plays a key role in secondary brain 
injury[9]. Skull is a rigid fixed volume compartment; the 
three elements within it namely, the brain parenchyma, 
blood and cerebro-spinal fluid (CSF) are relatively incom-
pressible and changes in the volume of one leads 
to compression of the other[10]. Beyond the limits of 
compensation, the pressure rises sharply, this can 
severely impact the cerebral blood flow (CBF). The 
secondary insults can also arise from systemic factors, 
hypoxia and hypotension post head injury being the key 
determinants for outcome[7,11]. 

Early stabilisation post TBI includes rapid assessment 
for life threatening injuries followed by secondary survey 
according to ATLS/APLS guidelines[12,13]. After the initial 
resuscitation to ensure adequate airway, ventilation and 
haemodynamic stability, early neuro-imaging is required 
to look for intra-cranial pathologies requiring surgical 
intervention and neuroprotection[14]. There is evidence 
to support multi-disciplinary input and protocolized 
management for improved outcomes from head injury[15]. 
All children with moderate to severe traumatic brain injury 
should ideally be managed in centres with expertise and 

experience in managing such patients. The contemporary 
post-injury resuscitation and management focuses on 
prevention and mitigation of secondary insults[7,14]. This 
review will focus on the neuroprotective measures to 
decrease the damage caused by secondary brain injury in 
children with TBI requiring intensive care treatment.

GENERAL INTENSIVE CARE MEASURES
Airway control and ventilation 
All children with severe TBI and those with deteriorating 
GCS need definitive airway management with endotracheal 
intubation. As paediatric definitive airway needs specialist 
skills and experience, pre-hospital intubation at the scene 
for children with TBI is controversial[16]. However, early 
airway control is recommended to avoid hypoxemia, 
hypercarbia and aspiration[17]. The adequacy of oxygenation 
and ventilation should be measured continuously with pulse 
oximetry and end-tidal carbon dioxide (CO2) monitoring 
respectively and serial blood gas measurements. In children 
with TBI requiring ventilation, arterial PaO2 should be 
maintained above 11 kPa (saturations > 90%) and PaCO2 
between 4.5-5 kPa. Although there are no randomised 
controlled trials (RCT) to determine the exact values for 
PaO2 in TBI, the damaging effects of hypoxia[17,18] and to 
a lesser extent hyperoxia[19] are well known. Similarly, the 
effect of CO2 on cerebrovascular reactivity has been widely 
studied[19-21]. Hypercapnea causes vasodilatation leading to 
cerebral hyperaemia and hypocapnea causes ischemia by 
cerebral vasoconstriction[9,21,22]. 

Circulatory support 
Hypotension (defined as systolic blood pressure below 
the fifth percentile for age) or shock any time after injury 
can have major implications for clinical outcome and 
should be actively prevented and aggressively treated 
with fluid boluses and vasoactive agents[16]. Isotonic 
saline is recommended for fluid resuscitation and 
maintenance. In the presence of hypotension, patient 
also needs careful evaluation for extracranial injuries as 
the potential source of blood loss[23,24]. It is important to 
consider adrenocorticotropic hormone (ACTH) deficiency 
in patients with refractory hypotension; TBI induced 
pituitary dysfunction has been reported in nearly one 
quarter of children with TBI in the acute phase[25,26]. As 
the primary injury often impairs cerebral autoregulation, 
the cerebral perfusion may become directly dependent 
on the mean arterial pressure. Management of blood 
pressure in the intensive care is one of the cornerstones 
of the management of severe TBI[14]. While hypotension 
can potentially cause brain ischemia, hypertension 
can exacerbate vasogenic oedema in the cerebral 
parenchyma[27] and requires careful titration of blood 
pressure based on various parameters studied (discussed 
in details under specific interventions). 

Sedation, analgesia and neuromuscular blockade 
Although there are no RCTs studying the effect of sedation 
on outcome, it’s well known that any noxious stimulus 
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increases ICP[28] and cerebral metabolic demand for 
oxygen[29]. Appropriate sedation and analgesia reduces 
anxiety and pain, facilitates ventilation and general 
intensive care management, and helps reduce the 
cerebral oxygen demand, thereby reducing the risk of 
secondary brain injury[30]. In children, a combination of 
benzodiazepines and opioids is most often used. This 
combination can cause hypotension, so careful titration 
to the desired effect with continuous monitoring and 
management of blood pressure is essential to minimize 
risks of cerebral ischemia. Propofol, often used in adults, 
has restricted licence status in children, therefore, is only 
used in exceptional circumstances. 

Neuromuscular paralysis can help reduce airway 
and intrathoracic pressure which improves the cerebral 
venous return. It can prevent shivering and posturing, 
and the lack of skeletal muscle movement also helps 
to reduce cerebral metabolic demand[30]. The main 
disadvantage of neuromuscular blockade is masking of 
clinical seizures which should then ideally be monitored 
by continuous electroencephalograph (EEG). Its 
continuous use can also induce myopathy, increase 
length of ventilation, and cause nosocomial pneumonia 
and cardiovascular side effects[31]. However, judicious 
neuromuscular blockage use in children with severe TBI 
can minimize complications[32]. Therefore, neuromuscular 
blockade is recommended as part of the first tier 
management of children with severe TBI[14]. 

Fluids and nutrition
There is no single best fluid for children with traumatic 
brain injury, but isotonic crystalloids are widely used 
and have good scientific basis. Normal saline or lactated 
ringer’s solution should be the standard resuscitation 
fluid until further studies show a clear benefit from other 
therapies. Use of colloids is not routinely recommended 
and evidence suggests that use of albumin may have 
deleterious effects[33]. Fluid restriction is no longer 
recommended. 

Nutritional support is required for tissue repair, 
wound healing and optimal organ function. Due to lack 
of evidence, there is no specific recommendation for the 
nutrition regimen. Adult data supports early introduction 
of feeds after haemodynamic stability aiming for full 
feeds, either enteral or parenteral, by the end of first 
week[34,35]. Hyperglycaemia frequently occurs associated 
with the stress response to injury; therefore glucose is 
not routinely added to maintenance fluids in early phase 
of recovery regardless of the child’s age. Hyperglycaemia 
has been linked to poor neurological outcome in TBI[36-38] 
but the optimal glucose target has not been defined. Use 
of insulin to achieve tight glycaemic control may result 
in a net reduction in CSF microdialysis glucose and an 
increase in microdialysis glutamate and lactate pyruvate 
ratio (LPR) without conveying a functional outcome 
advantage[39]. Tight glycaemic control has also been 
associated with reduced cerebral extracellular glucose 
availability and increased prevalence of brain energy 
crisis, which in turn correlates with increased mortality[40]. 

Currently we recommend prevention of severe hypergly-
caemia, keeping blood glucose levels below 180 mg/dL 
(10 mmol/L).

General care 
Children should be nursed in neutral head position and 
head-end elevation by 15o-30o to improve cerebral 
venous drainage[41,42]. Good nursing care, with regular 
turning, eye care and physiotherapy are important. 
Stress ulcer prophylaxis and laxatives are used as per the 
child’s requirements. Although evidence shows higher 
incidence of deep vein thrombosis (DVT) with increasing 
severity of trauma and increasing age in children[43], 
there are no universal recommendations for regular 
thromboprophylaxis in this age group. One study supports 
thromboprophylaxis to prevent DVT in paediatric trauma 
patients[44]. In our setting, compression stockings are 
routinely used in fully sedated and paralysed children with 
severe TBI, but the chemical prophylaxis is restricted to 
older children and is discussed on case by case basis. 

SPECIFIC INTERVENTIONS
Intracranial pressure monitoring 
The ICP can rise after TBI from either mass effect 
(haematoma) or cerebral oedema secondary to the 
injury. There is a direct association between raised 
ICP and poor clinical outcomes, and sustained raised 
ICP is an independent predictor of poor outcome 
following TBI[45-47]. While majority of evidence supports 
aggressive management of raised ICP[47-49], recent adult 
RCT failed to identify any benefit associated with ICP 
monitoring[50]. The results of this study[50] however need 
to be interpreted in the context of population studied 
and may not be generalizable to all TBI victims[51]. The 
lack of controlled trials for ICP monitoring has limited 
the recommendation (level Ⅲ) in the most up-to-date 
guidelines[14,52] although ICP monitoring remains the 
integral part in the management of patients with severe 
TBI in most centres. 

There are various different methods for ICP mo-
nitoring using either fluid filled catheters or pressure 
microtransducers. Interventricular catheters are considered 
to be the gold standard for measuring ICP and also allow 
CSF drainage if ICP is high. However, there are practical 
limitations to their use including infection and technical 
difficulty in insertion in children with small ventricles[53,54]. 
Pressure microtransducers can reliably measure pressure 
from brain parenchyma (intraparenchymal) as well as 
epidural or subarachnoid spaces. Intraparenchymal 
probes are often preferred because they are easy to insert 
and have very low infection risk. However, they may not 
reflect the true ICP if there are pressure gradients within 
the cranium, and although the zero drift is minimal, they 
cannot be recalibrated once inserted[53]. 

The threshold for treating ICP in children has been 
extrapolated from adult guidelines[52]. There is some 
suggestion that the treatment thresholds for younger 
children and infants need to be different as the normal 
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rises in ICP. Various osmotic agents have been studied 
in the treatment of TBI, but mannitol and hypertonic 
saline are the most widely used. 

Mannitol has been used to reduce raised ICP for close 
to a century. It reduces ICP by reducing blood viscosity 
(rapid response) and by an osmotic effect (delayed 
response)[58]. These effects are more pronounced when 
the blood brain barrier is intact and autoregulation is 
preserved. In TBI, these mechanisms may be disrupted, 
so the response can be variable[59]. Mannitol can also 
reduce intravascular volume by causing osmotic diuresis 
(which could have a negative impact on CPP) and has 
the potential to induce reverse osmotic gradient by 
accumulating in the brain parenchyma (which could 
cause an increase in ICP) especially with prolonged 
use[60]. 

Hypertonic saline has been studied extensively in the 
last few decades as treatment for raised ICP. It shares 
the same rheologic and osmolar properties with mannitol 
that lower the ICP. It can also act as a volume expander, 
enhance cardiac output, improve CBF and inhibit 
inflammation[61-63]. Current guidelines support the use of 
hypertonic saline, but make no specific recommendation 
on the concentration[14]. Different studies and institutions 
use various concentrations from 1.7% to 29.2%[64,65]; 
in our institute, we use 5% saline (Figure 1). Delivery 
through a central access is recommended (but not 
essential) due to high osmolality. We use 2-4 mL/kg 
boluses of 5% saline (Figure 1).

Serum osmolarity plays an important role in 
determining fluid shifts in injured brain. Low serum 
osmolarity can increase vasogenic brain oedema, so 
hyperosmolar agents are used to normalise or increase 
serum osmolarity. Different upper limits of osmolarity are 
recommended for treatment with mannitol (320 mOsm) 
and hypertonic saline (360 mOsm), respectively. If 
using hypertonic saline, serum sodium levels need to be 
monitored as well and kept < 160 mmol/L. Due to lack of 
evidence for mannitol use in children with TBI, hypertonic 
saline has been recommended as the preferred osmotic 
agent in management of paediatric TBI[65,66].

Children with TBI are also susceptible to develop 
disorders of salt and water, like central diabetes insipidus, 
cerebral salt wasting and syndrome of inappropriate anti-
diuretic hormone. A detailed description of these is beyond 
the scope of this article, but a careful understanding and 
monitoring of serum and urine electrolytes and osmolarity 
is required[67]. 

Temperature control 
Hyperthermia can cause significant secondary brain injury 
by increasing cerebral metabolic demand, promoting 
inflammation and decreasing the seizure threshold, so 
needs to be avoided aggressively to protect brain[68]. 
Temperature control to avoid hyperthermia has become 
an integral part of neuroprotection in children with TBI[14]. 
Inducing hypothermia to reduce cerebral metabolic 
demand, inflammation and seizures, is more contentious. 

values of mean ABP and hence Cerebral perfusion 
pressure (CPP) are lower in children[55]. Keeping the ICP 
< 20 mmHg is the standard part of management of 
severe TBI on PICU[14]. 

Our current local protocol uses an age related 
threshold for ICP in children (Figure 1). If the ICP 
stays above the target, we first optimise sedation 
and the ventilation targets. If it still stays up, we use 
hyperosmolar therapy and consider repeat neuroimaging. 
If the scan doesn’t show any surgically correctible lesion 
(haematoma evacuation, ventricular drain), we move 
to tier 2 treatment (hypothermia, anticonvulsants). 
Decompressive craniectomy and thiopentone coma 
are used only in exceptional circumstances after multi-
disciplinary input. 

CPP 
CPP is defined as the difference between mean arterial 
pressure (MAP) and ICP, and is considered the driving 
pressure for cerebral blood flow and perfusion. In 
the normal brain, cerebral autoregulation maintains 
CPP within a specific range to couple oxygen delivery 
with cerebral metabolic rate. However, TBI impairs 
the cerebral autoregulatory capacity making brain 
vulnerable to both systemic hypotension and raised 
ICP. In adults, keeping CPP above a recommended 
threshold (60 or 70 mmHg) is associated with improved 
clinical outcomes[52,55]; some paediatric evidence also 
supports targeting higher CPP in children[56,57]. However, 
there are age related differences in MAP, CBF, and 
cerebral metabolic rate and there are no studies to 
demonstrate active management of CPP above a target 
threshold reducing mortality or morbidity[14]. Therefore, 
defining an ideal CPP for children is challenging and 
the current guidelines support maintaining a minimum 
CPP of 40 mmHg and a threshold of 40-50 mmHg[14]. 
Targeting very high CPP with use of vasopressors 
and fluids is associated with serious systemic toxicity 
and does not give better outcomes[52]. Also, in the 
absence of autoregulation, very high CPP can increase 
cerebral blood volume leading to an increasing ICP 
and also increase vasogenic oedema by increasing the 
hydrostatic pressure across the capillary bed[27]. 

Our management targets are described in Figure 
1, we achieve target CPP by maintaining systemic 
blood pressure towards the upper limit of normal 
blood pressure for age with the use of fluids to achieve 
normovolemia and inotropic support (most commonly 
noradrenaline infusion). However, if the ICP is very high, 
we do not increase MBP beyond the age related MBP 
limits and instead, focus on improving CPP by reduction 
in ICP. 

Hyperosmolar therapy 
Hyperosmolar therapy has been the hallmark of ICP 
management for decades. Hyperosmolar agents create 
osmotic gradient across the cerebral vascular bed, 
thereby decreasing oedema. They work best for acute 
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The theoretical benefits of induced hypothermia have not 
been confirmed in multi-centric trials despite a consistent 
decrease in ICP in the hypothermic patients. Rebound 
rise in ICP during rewarming and the delay to achieve 
target temperature have been suggested as the limiting 
factors that lead to no difference in neurological outcome 
of children receiving hypothermia[69,70]. Despite the lack 
of evidence, induced moderate hypothermia (32 ℃-33 ℃) 
is used as a second tier strategy to control ICP if the first 
tier strategies (sedation, analgesia, paralysis, osmolar 
therapy) have failed. The specific recommendation is to 
induce hypothermia early (within 8 h) for 48 h followed 
by very gradual rewarming (≤ 0.5 ℃/h)[14]. 

We use cooling blankets to keep patients normo-
thermic (36 ℃-37 ℃) and only use hypothermia (35 ℃) 

for uncontrolled ICP after optimising other therapies and 
ruling out surgically correctible pathologies (Figure 1). 

Hyperventilation
CO2 is a potent determinant of cerebral vessel diameter. 
Lowering CO2 reduces ICP by causing vasoconstriction, 
but it also causes cerebral ischemia with a reduction in 
cerebral blood flow[21,22,71]. For this reason, hyperventilation 
cannot be recommended for treatment of ICP unless the 
patient has advanced neuromonitoring in place[14]. Despite 
the lack of evidence to support this strategy, evidence 
suggests it remains the most commonly used strategy 
to lower ICP[22,72]. We do not hyperventilate children with 
severe TBI and actively manage PaCO2 levels between 
4.5-5 kPa (Figure 1).

Agrawal S et al . Neuroprotection in paediatric traumatic brain injury

General measures - Stage A

    Nurse 30° head up
    Ensure no venous obstruction to neck
    Sedation: 
             Midazolam: 50-300 µg/kg per hour
             Morphine: 20-80 µg/kg per hour
    Paralysis: 
             Atracurium: 300-600 µg/kg per hour or Vecuronium: 50-100 µg/kg per hour
    Anticonvulsants: Phenytoin 15 mg/kg (depressed #, seizures)
    Antibiotics: none for CNS reasons unless discussed with neurosurgeons
    Ventilation: TV 6-8 mL/kg and rate to keep PCO2 in target range, no hyperventilation
    Consider multimodal brain monitoring

ICP/CPP targets not met: Consider repeat CT scan/recalibrating the probe, move to Stage B

    5% saline 2-4 mL/kg (can be repeated but plasma osmolarity < 360 mOsm) 
     or Mannitol 20% 2 mL/kg
    Ventilation PCO2 approximately 4.5 kPa
    Hypothermia: temperature 35 ℃
    External ventricular drain if feasible
    Consider anticonvulsants if not already given

ICP/CPP targets not met: Consider repeat CT scan/recalibrating the probe, move to Stage C

    Discuss with PICU consultant/ neurosurgery team and decide either
    Thiopentone 2 mg/kg per hour to achieve burst suppression (cfm/continuous EEG) or
    Consider decompressive craniectomy

Patient details
Cervical spine

Consider unstable until cleared by 
the neurosurgeons. Use sandbags/

tape/collar to immobilise.

ICP 
Target:………………………………mmHg
Signature: ……………………………….
Date:……………………………………..
CPP 
Target: ………………………………mmHg
Signature: ……………………………….
Date:……………………………………..

Targets
    SpO2 > 97%, PaO2 > 9 kPa, PCO2 4.5-5 kPa
    Temperature < 37 ℃, Glucose < 10 mmol/L (avoid hypoglycemia)
    Serum sodium > 140 mmol/L

ICP/CPP
Age (yr)                     ICP (mmHg)                   CPP (mmHg)
   < 3                               5-15                              40
  4-7                               15-20                            40-50
   8                                 < 20                             50-60

Figure 1  Protocol for managing severe traumatic brain injury in children. ICP: Intracranial pressure; CPP: Cerebral perfusion; CT: Computed tomography; PICU: 
Pediatric intensive care unit; EEG: Electroencephalograph.
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Barbiturate coma
Barbiturates lower ICP through suppression of cerebral 
metabolic demand and alteration of vascular tone[73,74]. 
It improves coupling of regional blood flow to metabolic 
demands resulting in improved brain oxygenation at 
lower cerebral blood flow and decreased ICP. Although 
barbiturates are effective in lowering ICP, some studies 
suggest it does not improve clinical outcome in adults[75] 
and the literature in children is very scarce. Barbiturates 
have very significant systemic side effects, most notably 
severe haemodynamic compromise and increased 
intrapulmonary shunt. These side effects significantly limit 
the use of barbiturates in PICU and may be responsible for 
a number of complications observed in patients receiving 
this therapy. Also, the agent half-life is very long, making 
neurological assessment difficult. Barbiturates currently 
cannot be recommended for routine use in care of patients 
with raised ICP[76], but may be used as a rescue therapy in 
raised ICP unresponsive to first line treatment. Continuous 
EEG monitoring is recommended in children with TBI 
using barbiturates, and the agent should be titrated to 
achieve burst suppression[14]. 

Anti-seizures medication
Seizures are common post head injury and are often 
missed as patients are sedated and paralysed, but not 
always receive continuous EEG monitoring[77]. Although 
there is limited evidence to support the use of prophylactic 
anti-convulsants in severe TBI patients, the current 
guidelines still make a level Ⅲ recommendation for their 
use to reduce early post traumatic seizures[14].

Surgical treatment
Surgical management is a crucial part of management in 
TBI. If there is space-occupying haematoma post head-
injury, its evacuation is the most effective mechanism of 
reducing ICP and avoiding secondary brain insult. Neuro-
imaging is the cornerstone for diagnosing these and 
should be repeated for any persistent ICP rise. Space 
occupying lesions are often time-sensitive injuries and 
surgical evacuation should be performed as soon as 
possible, without delays.

Other surgical options for controlling ICP are CSF 
diversion (ventricular/lumbar drain) and decompressive 
craniectomy. CSF diversion can reduce CSF volume 
and ICP, and is recommended for eligible patients[14]. 
External ventricular drain (EVD) is a common method 
for CSF diversion and can also be used for monitoring 
ICP. Insertion of an EVD can be technically challenging 
in injured brain and may not offer any benefit if there 
is significant cerebral oedema causing collapsed 
ventricles[78]. Lumbar drain is only advised in conjunction 
with the EVD when there is no mass effect and cisterns 
are open[79]. 

Decompressive craniectomy can reduce ICP by 
allowing oedematous brain to expand by raising a bone 
flap and opening the dura. Although the technique lowers 
ICP, its benefits for outcome are not proven[80]. The 

current guidelines only make a level Ⅲ recommendation 
for its use in refractory intracranial hypertension which 
is resistant to other treatment strategies[14]. A recent 
randomized controlled trial in adults suggested that 
decompressive craniectomy increase the number of 
unfavourable outcomes despite lowering ICP and shortening 
length of ICU stay[80]. 

ADVANCED NEUROMONITORING
The pathophysiology of secondary brain injury is complex. 
It involves interactions between cerebral metabolic 
demand and supply with a complex relationship of cerebral 
blood flow, oxygenation, autoregulatory mechanisms 
and physiological derangements within an injured brain. 
Monitoring and maintaining ICP and CPP may be too 
simplistic to prevent secondary insults and there is growing 
evidence to support that factors other than ICP and CPP 
independently relate to the outcome. Some of these 
factors can be monitored with additional therapeutic targets 
with a potential to improve patient outcome. Although 
limited in paediatric TBI, some of these modalities are 
being increasingly studied and hold promise. The most 
common targets are CBF, cerebral autoregulation, cerebral 
oxygenation and metabolism. Also continuous monitoring 
of various physiological parameters in modern intensive 
care environment, such as oxygen saturations, respiratory 
rate, heart rate, ECG, CO2, temperature, blood pressure 
and intracranial pressure allow for the development of 
multi-modal monitoring in neurocritical care. Multi-modal 
monitoring can interpret the relationship of these different 
parameters with each other and give unique information 
over and above the individual numbers that could be used 
to optimise clinical management[81].

CBF and autoregulation
CBF is the single most important parameter in defining 
the outcome after TBI. The normal brain is able to 
maintain near constant CBF over a range of systemic 
blood pressure fluctuations from about 50 to 150 mmHg 
by cerebrovascular pressure reactivity and autoregulation 
mechanisms[82]. Impaired cerebral autoregulation is 
common post TBI and influences the patient outcome[83-86].

Pressure reactivity index
Pressure reactivity index (PRx), which is a correlation 
coefficient between ABP and ICP, relating the ABP 
changes with slow fluctuations in ICP, has been studied 
extensively[87,88]. In intact autoregulation state, fluctuations 
in ABP are compensated by reactive changes in vasomotor 
tone. For example, a drop in ABP induces vasodilatation 
which increases cerebral blood volume and ICP, giving a 
negative correlation between ABP and ICP, and a negative 
PRx. Impaired autoregulation on the other hand, would 
lead to passive transmission of ABP fluctuations to ICP 
and hence a positive PRx[87]. By continuously studying 
cerebrovascular reactivity through PRx and plotting it 
against CPP, the CPP at which the vasculature is most 
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reactive can be calculated and the optimum CPP (CPPopt) 
can be estimated[89,90]. This is particularly important in 
young children in whom CPP data is scarce and CPPopt 
gives an ideal therapeutic target. It is important to 
remember that autoregulation is dynamic and changes 
both between individuals and at different times within 
an individual patient depending on type of injury and 
time since injury[91,92]. Therefore, PRx and CPPopt also 
provide dynamic values in real time that can be used to 
individualise therapeutic targets for a given patient and 
changing targets over time depending on the state of 
cerebral autoregulation[93,94]. The time CPP stays above 
or below CPPopt has been shown to be associated with 
outcome[89]; whether an active management of PRx and 
CPPopt would affect the outcome remains to be proven in 
randomised controlled trial. 

Transcranial Doppler ultrasonography
Transcranial Doppler ultrasonography (TCD) is a non-
invasive method that measures the flow velocity in 
middle cerebral artery[95]. It gives non quantitative 
estimate of CBF and state of cerebral autoregulation 
based on the assumption that the diameter of the 
vessels insonated is relatively constantly maintained 
despite changes in BP and PaCO2, so the changes in flow 
velocity would estimate the changes in CBF. It is easy to 
use and can be repeated bedside, however, it is difficult 
to get a continuous assessment and it is liable to inter-
observer variability. Various indices have been developed 
to interpret state of CBF and autoregulation, CPP and ICP 
and CO2 reactivity by using TCD. One such index called 
pulsatility index (PI) is based on analysing the waveform 
of diastolic and systolic flows in the middle cerebral 
artery. PI has been used to assess brain compliance 
and CPP, and has been shown to have an association 
with ICP[96,97]. Cerebrovascular resistance is estimated 
by a ratio of MAP to changes in flow velocity measured 
by TCD which is then used to calculate autoregulation 
index which reflects the state of autoregulation[86,98]. 

Alternatively, manipulation of systemic blood pressure 
can also be used to study the effect of ABP changes in 
the TCD parameters to assess autoregulation[85,86]. TCD 
is being increasingly used in children[85,86]; further studies 
are required to validate the preliminary results.

Brain tissue oxygenation
Adequate oxygen delivery to brain tissue is important 
to prevent secondary brain injury. The relationship 
between oxygen demand (cerebral metabolic rate, 
CMRO2) and supply (CBF) is complex post head injury 
due to unknown changes in metabolic demands at the 
cellular level, hence optimal management of ICP and 
CPP (surrogates for CBF) does not always prevent brain 
hypoxia[99]. 

Direct brain tissue oxygenation monitoring
Direct brain tissue oxygenation monitoring (PbtO2) has 
been used for over two decades and there is significant 

evidence to support its use in paediatric TBI[56,100]. The 
latest guidelines make a level Ⅲ recommendation to 
keep PbtO2 above 10 mmHg in paediatric TBI[14]. The 
commonest method used to monitor PbtO2 is by insertion 
of a polarographic electrode in the brain parenchyma 
with the ICP bolt and the value measured is the oxygen 
accumulated in the brain parenchyma at the tip of the 
transducer, which is influenced by oxygen supply, demand 
and utilization. The probe placement is crucial. In focal 
injury, it should be placed in the pericontusional area 
while in diffuse injuries; it is usually placed in the non-
dominant hemisphere. Although the normal values of 
PbtO2 are not clearly understood, animal studies suggest 
20-30 mmHg as the normal values for normal uninjured 
brain[101]. A threshold of 10 mmHg has been accepted as 
the ischemic threshold and PbtO2 levels below 10 mmHg 
have been associated with poor outcome. PbtO2 values 
can be improved by increasing inspired oxygen/ventilation, 
haemoglobin levels and MBP[57,102].

Continuous jugular venous saturation monitoring
Continuous jugular venous saturation monitoring (SjvO2) 
is another method used to understand the relationship 
between CBF and brain metabolism and gives the 
difference between cerebral oxygen supply and demand. 
A retrograde catheter inserted in the jugular venous 
bulb measures continuous SjvO2. There is no consensus 
for normal levels of SjvO2 in children but in adults 
50%-75% is considered normal. Values outside this 
range are considered abnormal and have been shown to 
be associated with poor outcome[52,103]. Due to technical 
difficulties, paediatric experience with the use of SjvO2 is 
limited. It is also not a good indicator of regional changes 
in the injured brain. 

Thermal diffusion probes 
Regional cerebral blood flow can be measured directly 
by thermal diffusion probes (TDP) inserted in brain 
parenchyma. The technique has been validated with 
good agreement between TDP and xenon-CT for regional 
CBF measurements. In combination with PbtO2, TDP 
can be potentially useful in optimizing management of 
CPP[104]. 

Brain metabolism and chemistry
It is possible to study the concentration of chemicals found 
in the brain parenchyma by using microdialysis and is now 
frequently used in monitoring and managing adult TBI. It is 
possible to measure markers of brain metabolism (glucose, 
lactate and pyruvate), neurotransmitters (glutamate) 
and tissue damage (glycerol) at select intervals on small 
amounts of interstitial fluid collected by the microdialysis 
catheter inserted into the brain parenchyma alongside the 
ICP monitor and PbtO2 probe and there are established 
normal values for adults for some of these chemicals[105]. 
LPR is of particular interest as it signifies the balance 
between aerobic and anaerobic metabolism; LPR can also 
be elevated in states of hyperglycolysis or mitochondrial 
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dysfunction[105,106]. Sustained elevations of LPR have been 
identified in pericontusional tissue[107] and have been 
shown to be associated with poor outcome[108]. Similarly, 
brain glucose levels can be used to guide optimal threshold 
for blood glucose levels[40]. At present, microdialysis is 
predominantly used for research purposes, but holds 
promise for future. Similar to PbtO2 probe, the position of 
the catheter is crucial and influences the results.

CONCLUSION
Paediatric TBI is a complex disease and requires multi-
disciplinary input. Advancements in the field of paediatric 
neurocritical care and improved understanding of TBI 
pathophysiology are being translated to bedside therapies 
but clinical benefit from most of these therapies is yet to 
be proved in clinical trials. Despite this, implementations 
of guideline-based management protocols have impacted 
significantly on the outcome of TBI in recent years. New 
monitoring techniques have improved our ability to 
recognise adverse events and mechanisms of secondary 
brain injury. The role of these new techniques of 
individualized management need to be further evaluated. 
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Abstract
The mixed venous-to-arterial carbon dioxide (CO2) 
tension difference [P (v-a) CO2] is the difference between 
carbon dioxide tension (PCO2) in mixed venous blood 
(sampled from a pulmonary artery catheter) and the 

PCO2 in arterial blood. P (v-a) CO2 depends on the 
cardiac output and the global CO2 production, and on 
the complex relationship between PCO2 and CO2 content. 
Experimental and clinical studies support the evidence 
that P (v-a) CO2 cannot serve as an indicator of tissue 
hypoxia, and should be regarded as an indicator of the 
adequacy of venous blood to wash out the total CO2 
generated by the peripheral tissues. P (v-a) CO2 can be 
replaced by the central venous-to-arterial CO2 difference 
(∆PCO2), which is calculated from simultaneous sampling 
of central venous blood from a central vein catheter and 
arterial blood and, therefore, more easy to obtain at the 
bedside. Determining the ∆PCO2 during the resuscitation 
of septic shock patients might be useful when deciding 
when to continue resuscitation despite a central venous 
oxygen saturation (ScvO2) > 70% associated with 
elevated blood lactate levels. Because high blood lactate 
levels is not a discriminatory factor in determining the 
source of that stress, an increased ∆PCO2 (> 6 mmHg) 
could be used to identify patients who still remain 
inadequately resuscitated. Monitoring the ∆PCO2 from 
the beginning of the reanimation of septic shock patients 
might be a valuable means to evaluate the adequacy of 
cardiac output in tissue perfusion and, thus, guiding the 
therapy. In this respect, it can aid to titrate inotropes to 
adjust oxygen delivery to CO2 production, or to choose 
between hemoglobin correction or fluid/inotrope infusion 
in patients with a too low ScvO2 related to metabolic 
demand. The combination of P (v-a) CO2 or ∆PCO2 with 
oxygen-derived parameters through the calculation of 
the P (v-a) CO2 or ∆PCO2/arteriovenous oxygen content 
difference ratio can detect the presence of global anaerobic 
metabolism. 

Key words: Venous-to-arterial carbon dioxide tension 
difference; Carbon dioxide production; Oxygen supply 
dependency; Cardiac output; tissue hypoxia; Anaerobic 
metabolism; Oxygen consumption; Resuscitation; Septic 
shock
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Core tip: Early recognition and correction of tissue 
hypoperfusion are cornerstones in the management of 
septic shock patients. The venous-to-arterial carbon 
dioxide tension difference, which is a marker of the 
adequacy of cardiac output to global metabolic demand, 
is a helpful additional means to detect patients who 
stay under-resuscitated after optimization of O2-derived 
parameters. In this regard, its monitoring should help 
the clinicians for the decision of giving therapy targeting 
at increasing cardiac output. 

Mallat J, Lemyze M, Tronchon L, Vallet B, Thevenin D. Use 
of venous-to-arterial carbon dioxide tension difference to 
guide resuscitation therapy in septic shock. World J Crit Care 
Med 2016; 5(1): 47-56  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v5/i1/47.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i1.47

INTRODUCTION
A shock is a form of acute circulatory failure associated 
with an inequality between systemic oxygen delivery 
(DO2) and oxygen consumption (VO2), which result 
in tissue hypoxia[1]. Early recognition and adequate 
resuscitation of tissue hypoperfusion are of particular 
importance in the management of septic shock to 
avoid the development of tissue hypoxia and multi-
organ failure. Assessment of mixed venous oxygen 
saturation (SvO2) from a pulmonary artery catheter has 
been proposed as an indirect marker of global tissue 
oxygenation[2]. SvO2 reflects the balance between 
oxygen demand and supply. A low SvO2 represents 
a high oxygen extraction (O2ER) in order to maintain 
aerobic metabolism and VO2 constant in response to an 
acute decrease in DO2. However, when DO2 drops under 
a critical value, O2ER is no longer capable of upholding 
VO2, and global tissue hypoxia appears, as indicated by 
the occurrence of lactic acidosis[3-5]. 

Since the assessment of central venous oxygen 
saturation (ScvO2) can be achieved more easily, and is 
less risky than from pulmonary artery catheter, it would 
be useful if ScvO2 could function as an accurate reflection 
of SvO2. In fact, SvO2 is not similar to ScvO2 because the 
latter primarily reflects the oxygenation of the upper side 
of the body. In normal patients, ScvO2 is lower than SvO2 
by about 2% to 3%, largely because of the less rate of 
oxygen extraction by the kidneys[6]. In shock state, the 
absolute value of ScvO2 was more often reported to be 
higher than ScvO2, probably due to the oxygen extraction 
increases in splanchnic and renal tissues[7-11]. This 
suggests that the existence of a decreased ScvO2 implies 
an even smaller SvO2. Because of the lack of agreement 
regarding absolute values, some authors questioned the 
clinical utility of ScvO2

[12,13]. However, despite absolute 

values differ, trends in ScvO2 closely mirror trends in 
SvO2

[8,9], suggesting that monitoring ScvO2 makes sense 
in critically ill patients.

It has been shown that an early hemodynamic opti-
mization using a resuscitation bundle aimed at increasing 
ScvO2 > 70% was related to an important reduction in 
septic shock mortality[14]. Since that, monitoring ScvO2 has 
become widely recommended[1,14,15]. Recently, three large 
multicenter studies[16-18] failed to demonstrate any benefits 
of the early goal-directed therapy approach. Nevertheless, 
the design of these trials was not to answer the question of 
whether targeting an ScvO2 > 70% was effective. Also, in 
these studies, the mean baseline ScvO2 values were already 
above 70%. Thus, these findings do not indicate that 
clinicians should stop monitoring ScvO2 and adjust DO2 by 
optimizing ScvO2 levels, particularly in septic shock patients 
with low ScvO2, who are at the highest risk of death[19]. 

On the other hand, normalization of ScvO2 does 
not rule out persistent tissue hypoperfusion and does 
not preclude evolution to multi-organ dysfunction and 
death[20]. The obvious limitation of ScvO2 is that normal/
high values cannot distinguish if DO2 is sufficient or in 
excess to demand. In septic conditions, normal/high 
ScvO2 values might be due to the heterogeneity of the 
microcirculation that generates capillary shunting and/or 
mitochondrial damage responsible of disturbances in 
tissue oxygen extraction. Because ScvO2 is measured 
downstream from tissues, when a given tissue receives 
inadequate DO2, the resulting low local oxygen venous 
saturations may be “masked” by admixture with highly 
saturated venous blood from tissues with better perfusion 
and DO2, resulting overall in normal or even high 
ScvO2. Although ScvO2 may thus not miss any global 
DO2 dysfunction, it may stay “blind” to local perfusion 
disturbances, which exist in abundance in sepsis due to 
damaged microcirculation. Indeed, high ScvO2 values 
have been associated with increased mortality in septic 
shock patients[21,22]. Thus, in some circumstances the use 
of ScvO2 might erroneously drive a clinician to conclude 
that the physiologic state of the patient has ameliorated 
when, in fact, it may not have improved. 

Lactate has also been proposed as a resuscitation 
endpoint[23,24]. However, no benefits have been observed 
for lactate decrease-guided therapy over resuscitation 
guided by ScvO2 in septic shock patients[25]. Moreover, 
given the nonspecific nature of lactate level elevation, 
hyperlactatemia alone is not a discriminatory factor in 
establishing the source of the circulatory failure. Hence, 
additional circulatory parameters such as the venous-
to-arterial carbon dioxide tension difference are needed 
to identify patients with septic shock who presently may 
still insufficiently reanimated, especially when ScvO2 

values are normal/high in the context of hyperlactatemia. 
The purpose of this review is to discuss the physiologic 
background and the potential clinical usefulness of the 
venous-to-arterial carbon dioxide tension difference in 
septic shock. 
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PHYSIOLOGICAL BACKGROUND
CO2 transport in the blood
CO2 is transported in the blood in three figures[26]: 
Dissolved, in combination with proteins as carbamino 
compounds, and as bicarbonate. Physically dissolved CO2 
is a function of CO2 solubility in blood, which is about 20 
times that of oxygen (O2); therefore, considerably more 
CO2 than O2 is present in simple solution at equal partial 
pressures. However, dissolved CO2 shares only around 5% 
of the whole CO2 concentration in arterial blood. 

Carbamino compounds comprise the second form 
of CO2 in the blood. These compounds occur when CO2 
combines with terminal amine groups in blood proteins, 
especially with the globin of hemoglobin. However, this 
chemical combination between CO2 and hemoglobin is 
much less important than haemoglobin-O2 binding, so 
carbamino compounds comprise only 5% of the total 
CO2 in the arterial blood. 

The bicarbonate ion (HCO3
–) is the most significant 

form of the CO2 carriage in the blood. CO2 combines 
with water (H2O) to form carbonic acid (H2CO3), and 
this dissociates to HCO3

– and hydrogen ion (H+): CO2 
+ H2O = H2CO3 = HCO3

– + H+. Carbonic anhydrase is 
the enzyme that catalyzes the first reaction, making 
it almost instantaneous. Carbonic anhydrase occurs 
mainly in red blood cells (RBC), but it also occurs on 
pulmonary capillary endothelial cells, and it accelerates 
the reaction in plasma in the lungs. The uncatalyzed 
reaction will occur in plasma, but at a much slower 
rate. The second reaction happens immediately inside 
RBC and does not require any enzyme. The H2CO3 
dissociates to H+ and HCO3

–, and the H+ is buffered 
primarily by hemoglobin while the excess HCO3

– is 
transported out the RBC into plasma by an electrically 
neutral bicarbonate-chloride exchanger. The fast 
conversion of CO2 to HCO3

– results in nearly 90% of the 
CO2 in arterial blood being transported in that manner. 

Hemoglobin-O2 saturation is the major factor affe-

cting the capacity of hemoglobin to fix CO2 (Haldane 
effect). Consequently, CO2 concentration increases when 
blood is deoxygenated, or CO2 concentration diminishes 
when blood is oxygenated, at any assumed carbon 
dioxide tension (PCO2)[26] (Figure 1). H+ ions from CO2 
can be deemed as competing with O2 for hemoglobin 
binding. Accordingly, rising oxygen reduces the affinity of 
hemoglobin for H+ and blood CO2 concentration (Haldane 
effect). The physiological assets of the Haldane effect are 
that it promotes removing of CO2 in the lungs when blood 
is oxygenated and CO2 filling in the blood when oxygen is 
delivered to tissues. Additionally, the Haldane effect leads 
to a sharper physiologic CO2 blood equilibrium curve that 
has the physiologic interest of rising CO2 concentration 
differences for a given PCO2 difference.

CO2 is rapidly excreted from the circulation by the lungs 
by passive diffusion from the capillaries to the alveoli, and 
its production approximately matches excretion. 

The relationship between PCO2 and the total blood 
CO2 content (CCO2) is curvilinear even though more linear 
than the oxygen dissociation curve[26]. Oxygen saturation, 
hematocrit, temperature, and the degree of metabolic 
acidosis influence the PCO2/CCO2 relationship[26]. Hence, 
for a given value of CCO2, PCO2 is higher in the case of 
metabolic acidosis than in the case of normal pH (Figure 2). 

Determinant of venous-to-arterial CO2 tension difference
The venous-to-arterial CO2 tension difference [P (v-a) 
CO2] is the gradient between PCO2 in mixed venous 
blood (PvCO2) and PCO2 in arterial blood (PaCO2): P 
(v-a) CO2 = PvCO2 -PaCO2; PvCO2 and PaCO2 are partial 
pressures of the dissolved CO2 in the mixed venous and 
arterial blood, respectively. 

The application of Fick equation to CO2 shows that 
the CO2 elimination (identical to CO2 generation in a 
stable condition) equals the product of the difference 
between mixed venous blood CO2 content (CvCO2) 
and arterial blood CO2 content (CaCO2) and cardiac 
output: Total CO2 production (VCO2) = cardiac output × 
(CvCO2 - CaCO2). In spite of a global curvilinear shape 
of the relation between PCO2 and the total CCO2, there 
is a rather linear association between CCO2 and PCO2 
over the general physiological range of CO2 content 
so that CCO2 can be substituted by PCO2 (PCO2 = k × 
CCO2)[27-29]. Therefore, VCO2 can be calculated from 
a modified Fick equation as: VCO2 = cardiac output 
× k × P (v-a) CO2 so that P (v-a) CO2 = k × VCO2/
cardiac output, where k is the pseudo-linear coefficient 
supposed to be constant in physiological states[27]. 
Therefore, P (v-a) CO2 would be linearly linked to CO2 
generation and inversely associated to cardiac output. 
Under normal conditions, P (v-a) CO2 values range 
between 2 and 6 mmHg[30]. 

Influence of CO2 production on P (v-a) CO2

Aerobic CO2 production: Oxidative phosphorylation 
proceeds with the formation of energy-laden molecules, 
CO2 and water. Total CO2 production is directly related 
to VO2: VCO2 = R × VO2, where R is the respiratory 
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Figure 1  CO2 dissociation curve. CO2 content (mL/100 mL) vs CO2 partial 
tension (PCO2). Differences between the curves result in higher CO2 content 
in the blood, and smaller PCO2 differences between arterial and venous blood. 
Hemoglobin-O2 saturation affects the position of the CO2 dissociation curve 
(Haldane effect).
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P (v-a) CO2 was observed to increase in parallel with 
the reduction in cardiac output[33,36,37]. In other words, 
when cardiac output is adapted to VO2, P (v-a) CO2 
should not increase due to increased clearance of CO2, 
whereas P (v-a) CO2 should be high following cardiac 
output reduction because of a low flow-induced tissue 
CO2 stagnation phenomenon. Due to the decreasing 
of transit time a higher than usual addition of CO2 per 
unit of blood passing the efferent microvessels leads to 
produce hypercapnia in the venous blood. As long as 
alveolar respiration is sufficient, a gradient will occur 
between PvCO2 and PaCO2. However, under spontaneous 
breathing situations, hyperventilation, stimulated by the 
decreased blood flow, may reduce PaCO2 and thus may 
prevent the CO2 stagnation-induced rise in PvCO2

[38]. This 
finding underscores the utility of calculating P (v-a) CO2 
rather than simply assessing PvCO2, particularly in the 
case of spontaneous breathing[39]. 

Can P (v-a) CO2 be used as a marker of tissue hypoxia? 
Marked increases in P (v-a) CO2 were reported in patients 
during cardiopulmonary resuscitation[40]. Furthermore, 
higher P (v-a) CO2 values were observed in patients 
with circulatory failure compared with those without 
circulatory failure[41]. These observations were attributed 
to the decrease of blood flow and the development of 
anaerobic metabolism with anaerobic CO2 production. 
Thus, it has been suggested that P (v-a) CO2can be used 
to detect the presence of tissue hypoxia in patients with 
acute circulatory failure[33,36]. In fact, under conditions 
of tissue hypoxia with a decreased VO2, the relationship 
between changes in cardiac output and P (v-a) CO2 are 
much more complex. Indeed, in these circumstances, 
the increase in CO2 production related to the anaerobic 
pathway is counterbalanced by a reduced aerobic CO2 
production, so that VCO2 and hence P (v-a) CO2 could be 
at best unchanged or decreased[37]. Nevertheless, since 
the k factor should rise during tissue hypoxia[33] while 
VCO2 must decrease, the resultant effect on P (v-a) CO2 
depends mainly on the flow state (cardiac output)[27]. 

Tissue hypoxia with low blood flow 
Experimental studies in which blood flow was progressively 
reduced, an elevation in P (v-a) CO2 following the 
reduction in DO2 was reported, while a constant VO2 was 
measured[33,36,37,42]. In this state of O2 supply-independency 
and steady CO2 generation, rising of P (v-a) CO2 after flow 
decrease can be explained clearly by CO2 stagnation.

In those studies, when DO2 was more diminished 
under its critical value, a drop in VO2 was noticed, 
insinuating O2 supply-dependency and occurrence of 
anaerobic metabolism. The progressive widening of 
P (v-a) CO2 seen before DO2 had achieved the critical 
point, was amplified by an acute rise in PvCO2 when DO2 
declined below that point. The authors[33,36,42] assumed 
that this brisk increase in P (v-a) CO2 can be utilized as 
a good indicator of tissue dysoxia. However, since both 
VCO2 (aerobic production) and venous efferent blood 
flow decrease, P (v-a) CO2 should not be considerably 

quotient varying among 0.7 and 1.0 according to 
the energy intake. Under circumstances of important 
carbohydrate consumption, R becomes close to 1.0. 
Thus, CO2 generation should increase either with 
elevated oxidative metabolism or for a constant VO2 
when a balanced alimentation regime is substituted 
by a high carbohydrate consumption regime[31]. Under 
both situations of increased VCO2, P (v-a) CO2 should 
increase unless cardiac output can increase to the same 
extent.

Anaerobic CO2 production: Under conditions of tissue 
hypoxia, there is an increased generation of H+ ions 
from an excessive generation of lactic acid due to an 
acceleration of anaerobic glycolysis, and the hydrolysis 
of high-energy phosphates[32]. These H+ ions will then 
be buffered by the bicarbonate existing in the cells so 
that CO2 will be produced. Decarboxylation of metabolic 
intermediates such as a-ketoglutarate and oxaloacetate 
during hypoxia is, also, a possible but trivial cause of 
anaerobic CO2 generation[32]. 

Anaerobic CO2 generation in hypoxic tissues is not 
simple to identify. Indeed, the effluent venous blood flow 
can be sufficiently high to wash out the CO2 generated 
under these conditions of a significant decline in aerobic 
CO2 production[33]. Consequently, PCO2 could be not 
increased in the efferent vein, and anaerobic CO2 
generation not recognized from the calculation of P (v-a) 
CO2. Nevertheless, if afferent and efferent blood flows are 
artificially arrested, hypoxia will happen inside the organ 
and the sustained CO2 production would then be disclosed 
by measuring an augmented PCO2 in the sluggish efferent 
blood flow, in spite of the drop in CO2 generation from the 
aerobic pathway[34,35]. 

Influence of cardiac output on P (v-a) CO2

According to the modified Fick equation, P (v-a) CO2 
is related to VCO2 and inversely linked to cardiac 
output. Under steady states of both VO2 and VCO2, 
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Figure 2  CO2 dissociation curve. CO2 content (mL/100 mL) vs CO2 partial 
tension (PCO2). Each curve is described at constant base excess (BE). As 
displayed, for the same CO2 content, changing the BE results in a great change 
in PCO2.
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changed unless very low values of blood flow were 
achieved during the supply dependent period. Therefore, 
from the analysis of the data of these experimental 
studies[33,36,37,42], it can be reasonably supposed that 
an abrupt increase in P (v-a) CO2 should not be easily 
attributed to the outset of hypoxia but rather to an 
additional decrease in cardiac output. This fact can be 
explained by the two following reasons.

Since the association between P (v-a) CO2 and 
cardiac output is curvilinear (Fick equation), an enormous 
rise in P (v-a) CO2 must be noticed for a reduction in 
cardiac output in its lowest scale. In fact, even if this 
mathematical phenomenon may be robust under 
conditions of maintained VCO2, it should be moderated 
in hypoxic states because the decline in VCO2 leftward 
shift the isopleth which describes the P (v-a) CO2/cardiac 
output relationship (Figure 3). 

The curvilinearity of the relationship between CvCO2 
and PvCO2 may be another cause for this sharp increase 
in P (v-a) CO2. Indeed, due to this particular relationship, 
PvCO2 changes are greater than CvCO2 changes at the 
highest range of CCO2

[29]. Furthermore, the disproportions 
between CCO2 and PCO2 at high values of CCO2 are 
magnified in the presence of an elevated O2 saturation 
and by the decrease in venous pH[29], which is frequently 
associated with the increase in PvCO2 and may be of 
greater significance if metabolic acidosis coexists (Figure 
2). Therefore, in the case of low flow states, P[v-a]CO2 
can substantially increase resulting from CO2 stagnation 
in spite of the decrease in VCO2 as reported in those 
experimental studies[33,36,37,42]. 

Tissue hypoxia with maintained or high blood flow
Under conditions of tissue hypoxia with maintained flow 
state, venous blood flow should be sufficiently elevated 
to assure adequate clearance of the CO2 generated by 
the hypoxic cells, so that P (v-a) CO2 should not increase 
even if the CO2 production is not decreased. Conversely, 
low flow states can result in a widening of P (v-a) CO2 

due to the tissue CO2 stagnation phenomenon[43] even 
if no additional CO2 production occurs. This point was 
nicely demonstrated by Vallet et al[44] in a canine model 
of isolated limb in which a diminished DO2 by reducing 
blood flow (ischemic hypoxia) was related to a rise in 
P (v-a) CO2. On the other hand, when blood flow was 
preserved, but arterial PO2 was decreased by lowering 
the input oxygen concentration (hypoxic hypoxia), P 
(v-a) CO2 did not rise despite a significant decline in VO2. 
This because the preserved blood flow was sufficient 
to clear the generated CO2

[40]. Accordingly, Nevière et 
al[45] demonstrated that for the same level of induced 
oxygen supply dependency, P (v-a) CO2 was risen 
only in ischemic hypoxia but not in hypoxic hypoxia, 
indicating that augmented P (v-a) CO2 was mostly 
linked to the reduction in cardiac output. These studies 
clearly show that the absence of elevated P (v-a) CO2 
does not preclude the presence of tissue hypoxia and 
hence underline the good value of P (v-a) CO2 to detect 
inadequate tissue perfusion related to its metabolic 
production but also its poor sensitivity to detect tissue 
hypoxia. A mathematical model analysis also established 
that cardiac output plays the key role in the widening of 
P (v-a) CO2

[46]. 

Clinical studies
Results from clinical investigations in septic shock 
patients have also supported that the decreased cardiac 
output is the major determinant in the elevation of P 
(v-a) CO2

[37,38]. Mecher et al[47] observed that septic shock 
patients with P (v-a) CO2 > 6 mmHg had a significantly 
lower mean cardiac output when compared to patients 
with P (v-a) CO2 ≤ 6 mmHg. No differences in blood 
lactate levels were found between the two subgroups. 
Interestingly, the volume expansion engendered a 
reduction in P (v-a) CO2 associated with an increase in 
cardiac output only in patients with elevated P (v-a) 
CO2. Moreover, the changes in cardiac output induced by 
volume expansion were correlated with changes in P (v-a) 
CO2 (R = 0.46, P < 0.01). The authors rightly concluded 
that in patients with septic shock, an elevated P (v-a) CO2 
is related to a decreased systemic blood flow. In septic 
shock patients, Bakker et al[48] similarly found a significant 
negative correlation between cardiac output and P (v-a) 
CO2. Thus, a strong association between cardiac output 
and P (v-a) CO2 is also well documented in septic shock. 
Furthermore, increased P (v-a) CO2 was found merely 
in patients with lower cardiac output. In that study, the 
dissimilarities in P (v-a) CO2 cannot be explained by the 
inequalities in CO2 production, as implied by the identical 
VO2 and lactate concentration found in the two groups of 
patients[48]. On the other hand, many patients in those 
studies[47,48] had normal P (v-a) CO2 despite the presence 
of tissue hypoxia, presumably since their elevated cardiac 
output had simply washed out the CO2 generated in the 
peripheral circulation. 

Creteur et al[49] examined the association between 
impairment in microcirculatory perfusion and tissue 
PCO2. They showed that the reperfusion of damaged 
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changes in cardiac output result in large changes in P (v-a) CO2 in the low values 
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microcirculation (assessed using orthogonal polarized 
spectroscopy) was associated with normalized sublingual 
tissue PCO2 levels. Thus, there is a clear relation between 
tissue CO2 accumulation and blood flow leading to 
increasing venous-arterial CO2 gradients. 

In short, altogether, these results strengthen the 
conception that low flow situations act a crucial part 
in the enlargement of P (v-a) CO2 in states of tissue 
hypoxia. Elevated P (v-a) CO2 might imply that: (1) 
cardiac output is not enough under states of supposed 
tissue hypoxia; and (2) microcirculatory flow is not 
sufficiently high or adequately distributed to remove the 
additional CO2 in spite of the existence of normal/high 
cardiac output. 

The P (v-a) CO2 should, therefore, be regarded as an 
indicator of the ability of an adequate venous blood flow 
return to clear the CO2 excess rather than as a marker 
of tissue hypoxia.

Recently, Ospina-Tascon et al[50] have shown that the 
persistence of high P (v-a) CO2 (≥ 6 mmHg) during the 
first six hours of reanimation of septic shock patients 
was linked to more severe multiple organ failure 
and higher mortality rate (Relative Risk = 2.23, P = 
0.01). However, further studies are required to test if 
P (v-a) CO2 used as a resuscitation endpoint would be 
associated with improved outcomes. 

Central venous-to-arterial PCO2 difference as a target in 
resuscitation of septic shock
The measurement of P (v-a) CO2 requires the presence 
of a pulmonary artery catheter, which is rarely practiced 
nowadays[51]. Since the central venous catheter is 
implanted in most septic shock patients, the usage of 
central venous-arterial carbon dioxide partial pressure 
difference (∆PCO2) is greatly easier and similarly helpful. 
Interestingly, a strong agreement between P (v-a) CO2 
and ∆PCO2, calculated as the difference between central 
venous PCO2 sampled from a central vein catheter and 
arterial PCO2, was reported in critically ill patients[52] and 
severe sepsis and septic shock patients[53]. 

As emphasized above, high values of ScvO2 do not 
preclude the presence of tissue hypoperfusion and 
hypoxia in cases of impaired O2ER capabilities that can 
occur in septic shock[21,22]. Since the solubility of CO2 
is very high (around 20 times than O2), its capability 
of spreading out of ischemic tissues into the efferent 
veins is phenomenal, making it an extremely sensitive 
indicator of hypoperfusion. Consequently, in conditions 
where there are O2 diffusion difficulties (resulting from 
shunted and obstructed capillaries), ‘‘covering’’ reduced 
O2ER and increased tissue O2 debt, CO2 still diffuses 
to the efferent veins, ‘‘uncovering’’ the hypoperfusion 
situation for the clinician when ∆PCO2 is evaluated[54]. 
Accordingly, Vallée et al[55] tested the hypothesis that 
the ∆PCO2 can be used as a global indicator of tissue 
hypoperfusion in reanimated septic shock patients in 
whom ScvO2 was already greater than 70%. They 
showed that despite a normalized DO2/VO2 ratio, patients 

who had impaired tissue perfusion with blood lactate 
concentration > 2 mmol/L remained with an elevated ∆
PCO2 (> 6 mmHg). Also, patients with low ∆PCO2 values 
had greater lactate decrease and cardiac index values 
and exhibited a significantly higher reduction in SOFA 
score than patients with high ∆PCO2. In a prospective 
study that included 80 patients, we recently examined 
the usefulness of measuring ∆PCO2 during the initial 
resuscitation period of septic shock[56]. We found that 
during the very early period of septic shock, patients who 
reached a normal ∆PCO2  (≤ 6 mmHg) after six hours 
of resuscitation had greater decreases in blood lactate 
and in SOFA score than those who failed to normalize ∆
PCO2 (> 6 mmHg). Interestingly, patients who achieved 
the goals of both ∆PCO2 ≤ 6 mmHg and ScvO2 > 
70% after the first six hours of resuscitation had the 
greatest blood lactate decrease, which was found to be 
an independent prognostic factor of ICU mortality[56]. In 
addition, Du et al[57], in a retrospective study, showed 
that the normalization of both ScvO2 and ∆PCO2 seems 
to be a better prognostic factor of outcome after 
reanimation from septic shock than ScvO2 only. Patients 
who achieved both targets seemed to clear blood lactate 
more efficiently[57]. 

Taken all these studies together[55-57], we believe 
that monitoring the ∆PCO2 from the beginning of the 
reanimation of patients with septic shock may be a 
valuable means to evaluate the adequacy of cardiac 
output in tissue perfusion and, thus, guiding the therapy 
(Figure 4). Indeed, in patients with decreased ScvO2, 
an augmented ∆PCO2 is suggestive of the involvement 
of low cardiac output, and assessing ∆PCO2 could assist 
in expediting treatments intended at increasing cardiac 
output, rather than the arterial O2 saturation and 
hemoglobin concentration. When ScvO2 is normal/high 
(≥ 70%), the presence of elevated ∆PCO2 is indicative 
of the persisting impaired perfusion. ∆PCO2 provides 
further assistance in making the relevant choices about 
inotropes and fluids. Randomized clinical trial, however, 
is required to validate this hypothesis. 

How to interpret ∆PCO2 in septic shock sates?
As developed extensively above, the ∆PCO2 should be 
considered as a marker of tissue perfusion (i.e., the 
adequacy of blood flow to wash out the CO2 generated 
by the tissues) rather than a marker of tissue hypoxia.

The clinical inferences of this approach can be 
outlined as follows: (1) in a patient with an initially 
increased ∆PCO2 (≥ 6 mmHg), clinicians should be 
aware that blood flow might not be sufficient despite 
apparent normal macrocirculatory parameters, including 
ScvO2. Thus, with respect to the metabolic states, 
an elevated ∆PCO2 could encourage clinicians to rise 
cardiac output in order to improve tissue perfusion, 
especially under suspected hypoxic conditions (elevated 
blood lactate levels). Nevertheless, we should stress out 
that, in the absence of suspected conditions of tissue 
ischemia, increasing cardiac output to supranormal 
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values not only failed to demonstrate any benefit 
but could also be potentially harmful in septic shock 
patients[58,59]; and (2) A normal ∆PCO2 (< 6 mmHg) 
would suggest that blood flow is sufficiently high to 
remove the global CO2 production from the peripheral 
circulation, and increasing cardiac output could not 
be a first concern in the management approach even 
in the presence of tissue hypoxia. On the other hand, 
clinicians should keep in mind that a normal ∆PCO2 with 
high cardiac output did not preclude the inadequacy of 
regional blood flow. 

The change in ∆PCO2 - as an index of VCO2/cardiac 
output ratio - should be interpreted in line with changes 
in cardiac output and VCO2. Under aerobic conditions, 
∆PCO2 along with ScvO2 and O2ER can serve to guide 
therapy with dobutamine better than cardiac output 
in septic shock patients[60]. Indeed, dobutamine in 
parallel to its effects on systemic hemodynamics 
may increase VO2, and therefore VCO2, through its 
potential thermogenic effects related to its β1-adrenergic 
properties[61]. Recently, we showed that during the 
stepwise increase of dobutamine dose from 0-10 µg/kg 
per minute, ∆PCO2 decreased in parallel with an increase 
in cardiac output. However, an unchanged ∆PCO2 was 
observed when dobutamine was increased from 10-15 
µg/kg per minute in spite of the further increase in 
cardiac output because of the thermogenic effects of the 
drug at that rate[60]. Thus, ∆PCO2 can assist the clinician 

in distinguishing between the hemodynamic and the 
metabolic effects of dobutamine. Similar results were 
reported in stable chronic heart failure patients, but with 
P (v-a) CO2

[43].
Otherwise, the increase in systemic blood flow can 

affect VCO2 production under situations of tissue hypoxia. 
Indeed, under conditions of O2 supply dependency, an 
increase in cardiac output may lead to an increase in 
aerobic VCO2 production through the supply-dependent 
increase in VO2. In this situation, the changes in cardiac 
output may have no effect on the time-course of ∆PCO2. 
Accordingly, almost unaffected ∆PCO2 with treatment 
would not indicate that the treatment has been 
unsuccessful. In such situation, the therapeutic approach 
would be preferably kept until achieving a significant 
drop in ∆PCO2 that would imply that the critical value of 
DO2 has been overcome. 

Moreover, the clinicians should be aware that 
because the relationship between ∆PCO2 and cardiac 
output is curvilinear, large variations in cardiac output 
will not necessary engender important variations in ∆
PCO2 (Figure 3). In other words, the interpretation 
should be cautious in case of high flow states. 

Limitations of ∆PCO2

There are many pre-analytical sources of errors in PCO2 
measurement that should be avoided to interpret ∆PCO2 
correctly: inappropriate sample container, insufficient 
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sample volume compared to anticoagulant volume, 
and contaminated sample with resident fluid in the 
line or with air or venous blood, etc. Even after have 
taken all precautions to minimize the pre-analytical and 
analytical errors, we, recently, found, in a prospective 
study[62], that the measurement error for ∆PCO2 was 
± 1.4 mmHg and the smallest detectable difference, 
which is the least change that requires to be measured 
by a laboratory analyzer to identify a genuine change 
of measurement, was ± 2 mmHg. This means that the 
changes in ∆PCO2 should be more than ± 2 mmHg to 
be considered as real changes and not due to natural 
variation[62].

Combined analysis of P (v-a) CO2 or ∆PCO2 and O2-
derived parameters
Under situations of tissue hypoxia, a drop in VO2 is 
associated with a decline in aerobic CO2 generation 
while an anaerobic CO2 generation can still arise[36,37]. 
Therefore, the VCO2 being reduced less than the VO2, 
a rise of the respiratory quotient (VCO2/VO2 ratio) can 
be observed[37,63]. Therefore, the rise in the respiratory 
quotient was suggested to identify global tissue hypoxia[63]. 
Because VO2 is equal to the product of cardiac output 
by the difference between arterial and mixed venous 
O2 content C (a-mv) O2, and VCO2 is proportional to the 
product of cardiac output and P (v-a) CO2 the P (v-a) 
CO2/C (a-mv) O2 ratio could be utilized as indicator 
of the presence of global tissue hypoxia in critically ill 
patients. Accordingly, Mekontso-Dessap et al[64] tested 
this hypothesis in a retrospective study of critically ill 
patients with normalized cardiac output values and DO2. 
The authors found a good correlation between P (v-a) 
CO2/C (a-mv) O2 ratio, presented as a substitute of the 
respiratory quotient, and arterial blood lactate level, 
while no correlation was found between blood lactate 
and P (v-a) CO2 alone and between blood lactate and C 
(a-mv) O2 alone. Moreover, for a threshold value > 1.4 
the P (v-a) CO2/C (a-mv) O2 ratio was able to predict 
with reliability the presence of hyperlactatemia[64]. The 
authors concluded that this ratio could be utilized as a 
reliable indicator of the presence of global anaerobic 
metabolism in critically ill patients. In a more recent 
study, Monnet et al[65] found that this ratio, calculated 
from central venous blood [∆PCO2/C (a-cv) O2], predicted 
an increase in VO2 after a fluid-induced increase in DO2 
(VO2/DO2 dependency), and thus, can be able to detect 
the presence of global tissue hypoxia as accurately as the 
blood lactate level and far better than ScvO2. In a series 
of 60 fluid-responder patients, we recently found that ∆
PCO2/C (a-cv) O2 ratio at baseline predicted accurately 
the presence of VO2/DO2 dependency phenomenon and 
better than blood lactate (unpublished data).

In a population of 35 septic shock patients with 
normalized mean arterial pressure and ScvO2, Mesquida 
et al[66] showed that the presence of elevated ∆PCO2/C 
(a-cv) O2 values at baseline was associated with the 
absence of lactate clearance within the following hours, 

and this condition was also associated with mortality. 
However, this was a retrospective study and it was 
not powered to explore the prognostic value of the ∆
PCO2/C (a-cv) O2 ratio. In a recent prospective study 
that included 135 septic shock patients[67], Ospina-
Tascon et al[50] found that the mixed venous-to-arterial 
CCO2 difference/C (a-mv) O2 ratio at baseline and six 
hours after resuscitation was an independent prognostic 
factor of 28 d mortality, but not P (v-a) CO2/C (a-mv) 
O2 ratio. The authors attributed this discrepancy to the 
fact that the PCO2/CCO2 relationship is curvilinear rather 
than linear and is influenced by many factors such as 
pH and oxygen saturation (Haldane effect), and under 
these conditions, the mixed venous-to-arterial CCO2 
difference/C (a-mv) O2 ratio might not be equivalent to 
P (v-a) CO2/C (a-mv) O2 ratio. 

From the results of those above studies[64-67], we 
believe that we can reasonably admit that the ∆PCO2/
C (a-cv) O2 ratio can be used as an indicator of the 
presence of global tissue hypoxia in critically ill patients. 
Further clinical trials are needed to assess its prognostic 
value in patients with septic shock.

CONCLUSION
Early identification and improvement of tissue hypoper-
fusion are critical factors in the treatment of septic shock 
patients. The deficit in tissue perfusion with reduced blood 
flow should be considered as the primary determinant 
of an increase in ∆PCO2. ∆PCO2 should be seen as an 
indicator of the adequacy of venous blood flow (cardiac 
output) to clear the CO2 generated by the peripheral 
tissues rather than as a marker of tissue hypoxia. Thus, 
monitoring ∆PCO2 could be a useful complementary tool 
to guide the resuscitation in the early phase of septic 
shock (Figure 4). It can also be combined with the O2-
derived parameters in order to calculate the ∆PCO2/C 
(a-cv) O2, which can be used to detect the presence 
of global anaerobic metabolism. In such situation, the 
presence of low ScvO2 (< 70%) should push the physician 
to increase DO2, and if ∆PCO2 is increased (≥ 6 mmHg), 
that indicates that increasing cardiac output is the rational 
choice to achieve this target (Figure 4). In the presence 
of a normal/high ScvO2 (≥ 70%), an elevated ∆PCO2 
still suggests that rising cardiac output can be indicated 
with the purpose of reducing global tissue hypoxia (Figure 
4). However, if both ScvO2 and ∆PCO2 are normal in a 
state of global anaerobic metabolism, manipulating the 
microcirculation will probably be ineffective to reduce 
oxygen deficit (Figure 4). 
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Abstract
Stress-related mucosal disease is a typical complication of 
critically ill patients in the intensive care unit (ICU). It 
poses a risk of clinically relevant upper gastrointestinal 
(GI) bleeding. Therefore, stress ulcer prophylaxis (SUP) 

is recommended in high-risk patients, especially those 
mechanically ventilated > 48 h and those with a manifest 
coagulopathy. Proton pump inhibitors (PPI) and, less 
effectively, histamine 2 receptor antagonists (H2RA) 
prevent GI bleeding in critically ill patients in the ICU. 
However, the routine use of pharmacological SUP does 
not reduce overall mortality in ICU patients. Moreover, 
recent studies revealed that SUP in the ICU might be 
associated with potential harm such as an increased 
risk of infectious complications, especially nosocomial 
pneumonia and Clostridium difficile -associated diarrhea. 
Additionally, special populations such as patients with 
liver cirrhosis may even have an increased mortality rate 
if treated with PPI. Likewise, PPI can be toxic for both the 
liver and the bone marrow, and some PPI show clinically 
relevant interactions with important other drugs like 
clopidogrel. Therefore, the agent of choice, the specific 
balance of risks and benefits for individual patients as well 
as the possible dose of PPI has to be chosen carefully. 
Alternatives to PPI prophylaxis include H2RA and/or 
sucralfate. Instead of routine SUP, further trials should 
investigate risk-adjusted algorithms, balancing benefits 
and threats of SUP medication in the ICU. 

Key words: Proton pump inhibitors; Clostridium difficile; 
Intensive care unit; Gastrointestinal hemorrhage; Stress; 
Histamine H2 antagonists; Risk assessment; Pneumonia; 
Physiological; Sucralfate
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Core tip: To prevent gastrointestinal (GI) bleeding due to 
stress-related mucosal disease, critically ill patients are 
often routinely treated with proton pump inhibitors (PPI) 
or histamine 2 receptor antagonists (H2RA) for stress 
ulcer prophylaxis (SUP) in the intensive care unit (ICU). 
While major GI bleeding is currently rare in the ICU, SUP 
has not improved the overall survival of ICU patients 
in large clinical trials. Moreover, PPI and H2RA pose 
significant risks including toxicity, drug-drug-interactions 
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and infectious complications (e.g. , nosocomial pneumonia 
or Clostridium difficile -associated diarrhea). Instead of 
routine SUP, risk-adjusted algorithms may better balance 
benefits and threats of SUP in the ICU.

Buendgens L, Koch A, Tacke F. Prevention of stress-related ulcer 
bleeding at the intensive care unit: Risks and benefits of stress 
ulcer prophylaxis. World J Crit Care Med 2016; 5(1): 57-64  
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v5/i1/57.htm  DOI: http://dx.doi.org/10.5492/wjccm.v5.i1.57

INTRODUCTION 
The gastric mucosa is sensitive to both hemodynamic 
changes and inflammatory signals in critical illness. The 
term stress-related mucosal disease (SRMD) has been 
introduced to describe the resulting mucosal damage 
ranging from single lesions to multiple gastric ulcers 
that may lead to major bleeding complications in critical 
ill patients[1]. 

With proton pump inhibitors (PPI) and histamine 2 
receptor antagonists (H2RA) potent options for pharma-
cological prophylaxis of such lesions are available. Both are 
able to decrease the risk of a bleeding event effectively[2] 
and are usually well tolerated. However, pharmacological 
stress ulcer prophylaxis (SUP) in the intensive care 
unit (ICU) has not translated into a mortality benefit in 
prospective trials. Thus, recently, some intensivists have 
expressed concerns about the safety of SUP, especially 
with respect to infectious complications. 

EPIDEMIOLOGY
SRMD, as defined by clinical, endoscopic or histological 
characteristics, is present in most critically ill patients[3]. 
However, only a few patients experience overt bleeding 
complications. The fraction of ICU patients with SMRD-
related gastrointestinal (GI) bleeding has been reported 
to be as high as 17% in earlier trials and in patients 
without prophylaxis[4,5] but has remarkably decreased at 
present to rates as low as 1% or below[2,6,7]. 

PATHOPHYSIOLOGY
In most critically ill patients, the gastric mucosal blood 
flow is impaired. Reasons include systemic hemodynamic 
changes (hypotension and/or vasopressor therapy) 
and/or local alterations, e.g., reduced splanchnic blood 
flow because of positive end-expiratory pressure in 
mechanical ventilated patients[8]. In addition to the ischemic 
tissue damage itself, hypoperfusion leads to a reduced 
production of several protective mechanisms that exist in 
a healthy stomach (Figure 1)[4]. The latter include various 
components such as mucus, phospholipids, bicarbonate, 
trefoil factor family peptides and heat-shock proteins[9]. For 
example, gastric ischemia/reperfusion in an experimental 

rat model led to an inhibition of both cyclooxygenase and 
lipoxygenase pathways, resulting in lower prostaglandin 
levels (especially PGE2), lower bicarbonate levels and 
decreased gastric mucosal defense[10,11]. Moreover, two 
important molecular regulators of vascular tension are 
dysregulated in critical illness. While the production 
of the vasodilator nitric oxide is reduced, the level of 
endothelin-1, a strong vasoconstrictor, is significantly 
increased[12,13]. This shift can further harm the mucosa. 

While these mechanisms can cause mucosal damage, 
they are often insufficient by themselves to cause major 
ulcerations and gastric bleeding. A crucial component for 
overt damage is the presence of gastric acid. Without 
acid, mucosal damage is only minimal. In animal models 
of gastric ischemia, the addition of acid increased the 
damage by factor of ten[12]. This provides the rationale for 
the use of acid-suppressive drugs such as PPI or H2RA 
for pharmacological prophylaxis. 

MORTALITY RISK OF STRESS ULCER-
RELATED BLEEDING 
An acute bleeding episode due to a stress ulcer is 
associated with an increased risk of death in the ICU. In 
a large prospective trial by Cook et al[14] the mortality of 
patients with stress ulcer bleeding was 49% compared to 
9% in those without an episode of GI bleeding. This latter 
figure, however, appears unusually low for a general ICU 
population, raising the concern that related co-factors 
(e.g., co-morbidities, medication) might have affected 
the mortality risk of ICU patients who experienced 
bleeding.

Moreover, the patients in this study mainly underwent 
cardiovascular surgery and only 1.6% presented with 
sepsis, provoking the question whether the numbers 
can be extrapolated to other settings of critical illness[14]. 
Nonetheless, a more recent study by the same authors 
using multivariate analysis for adjustment showed an 
increased relative risk (RR) of 1 to 4 (dependent on the 
model used) as well as an extension of the ICU stay by up 
to eight days in ICU patients with GI hemorrhage[15]. 

In contrast to these findings, in a more recent study 
including 1034 patients in 97 ICUs, GI bleeding was not 
associated with an increased mortality in multivariate 
analysis after adjusting for severity of comorbidity, other 
organ failure and age[7], in line with two meta-analyses 
reported in 2012 and 2013[2,16]. However, these recent 
studies all reported a very low incidence of stress ulcer-
related bleeding due to effective pharmacological and 
non-pharmacological prophylactic measures, which may 
not allow proper assessment of true mortality risk.

RISK FACTORS FOR STRESS ULCER-
RELATED BLEEDING
Multiple investigations have been conducted to identify 
patients at risk for stress ulcer-related bleeding. A 
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large, prospective multicenter trial of 2252 ICU patients 
was able to identify at multiple regression two main 
risk factors: mechanical ventilation (OR = 15.6; P < 
0.001) and coagulopathy (OR = 4.3; P < 0.001). In the 
absence of both risk factors the bleeding rate was as 
low as 0.1%[14]. A smaller, earlier trial came to the same 
conclusion[17]. A more recent inception cohort study (n 
= 1034) identified the presence of more than three or 
more comorbidities (OR = 8.9; 95%CI: 2.7-28.8), liver 
disease (OR = 7.6; 95%CI: 3.3-17.6); use of renal 
replacement therapy (OR = 6.9; 95%CI: 2.7-17.5); 
a coexisting (OR = 5.2; 95%CI: 2.3-11.8) or acute 
coagulopathy (OR = 4.2; 95%CI: 1.7-10.2) and higher 
SOFA-score (OR = 1.4; 95%CI: 1.2-1.6) as significant 
risk factors after multivariate analysis. Interestingly, 
mechanical ventilation was not associated with an 
increased risk of GI bleeding in this trial[7]. 

Other risk factors with a lower degree of evidence 
include patients with severe head trauma, those who 
have had extended surgeries with operation times 
exceeding 4 h as well as patients with acute kidney 
or hepatic failure, sepsis, hypotension, a history of 
gastrointestinal bleeding, high-dose corticosteroids, 
burn patients, advanced age and male sex[1,3,17,18]. This 
wide spectrum of suggested risk factors has prompted 
the rather unselected use of pharmacological SUP in the 
ICU setting, resulting in the routine use of PPI and/or 
H2RAs in > 80% of critically ill patients as reported in in 
many observational studies[6,7].

INDICATIONS FOR PHARMACOLOGICAL 
PROPHYLAXIS 
While SRMD-related bleeding can have severe clinical 
impact, acid-suppressive medication effectively decreases 
bleeding rates as demonstrated by multiple meta-
analyses on this topic[19-22]. Although the quality of 
the available data has been criticized[23], both national 
and international guidelines recommend stress ulcer 
prophylaxis (SUP) in critically ill patients with sepsis and 
other risk factors[24,25]. 

In our ICU, patients with at least one of the following 
risk factors are recommended to receive pharmacological 
ulcer prophylaxis based upon current evidence: Mecha-
nical ventilation, coagulopathy, history of an upper 
gastrointestinal bleeding within the past 12 mo, severe 
sepsis or septic shock, or cardiogenic shock. Additionally, 
we consider ulcer prophylaxis for the following patients 
based on weaker evidence: burn patients, those with 
cranio-cerebral injury, acute renal failure, known peptic 
ulcer disease, those post kidney or liver transplantation 
and patients taking non-steroidal anti-inflammatory drugs 
(NSAID) or high-dose glucocorticoids. The algorithm that 
we propose for SUP in the ICU is presented as Figure 2.

However, it is mandatory to frequently re-evaluate 
the individual indication both during and after ICU stay. 
Buckley et al[26] could show that 14.4% of patients in an 
ICU received acid suppression without proper indication, 
which resulted in unnecessary risk of side effects (see 
below) and unnecessary costs (> 200000 dollar annually 
in the study hospital).

While prophylaxis effectively decreases the risk of 
stress ulcer-related bleeding, it is important to stress 
that no single trial and/or meta-analysis has been 
able to convincingly demonstrate a benefit regarding 
survival. Outside an ICU or even in outpatients, very little 
evidence supports the use of stress ulcer prophylaxis; for 
instance, patients with cardiovascular diseases who have 
concomitant newly prescribed with the oral anticoagulant 
dabigatran may be at lower risk for severe GI bleedings if 
PPI are administered[27]. Without a proper indication or a 
clear high-risk assessment, SUP should be discontinued, 
because it might cause unnecessary harm (see below) as 
well as costs[22]. 

PHARMACOLOGICAL PROPHYLAXIS
If a stress ulcer prophylaxis is necessary, different options 
are available: Options include the acid-suppressing 
drugs, PPI and H2RA, or the mucosa-protective agent 
sucralfate. Sucralfate is a reasonable option and reduces 
the risk of stress ulcer-related bleeding. However, a large 
trial revealed its inferiority to H2RA[28], so that an acid-
suppressive medication is preferred for SUP. 

There are several trials and meta-analyses comparing 
PPI to H2RA. Most of them favor PPI with respect to 
reduction of bleeding rates (Table 1). Regarding mortality, 
no analysis has been able to show a significant difference. 
Currently, PPI are the agents of choice in SUP. 
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Critical illness

Splanchnic ± systemic hypoperfusion

Decreased mucosal blood flow

Prostaglandines ↓ 

HCO3
-↓ 

Mucosal vulnerability

HSP ↓ 

Gastric acid PPI/H2RA

Mucosal damage

NO ↓
Endothelin-1 ↑

Figure 1  Pathophysiology of stress-related mucosal disease and rationale 
for the routine use of proton pump inhibitor/histamine 2 receptor antagonists 
at the intensive care unit. NO: Nitric oxide; PPI: Proton pump inhibitor(s); H2RA: 
Histamine 2 receptor antagonists; HSP: Heat-shock proteins; HCO3

−: Bicarbonate. 
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these drugs on both phagocytosis by neutrophils itself 
and the acidification of the phagolysosome in neutrophils 
necessary to kill its contents[31,32]. 

As the effects of acid-suppressing drugs may render 
patients susceptible for infections, two main complications 
have to be considered: Clostridium difficile-associated 
diarrhea (CDAD) and pneumonia. In outpatients and 
patients on standard care wards, it has been shown that 
PPI increase the risk of both significantly[6,33-44]. Additionally, 
experiments in mice suggest that acid suppression favors 
intestinal colonization with multi-resistant bacteria such 
as Vancomycin-resistant Enterococcus faecium (VRE) or 
multi-resistant Klebsiella pneumonia[45]. 

In the setting of SUP in the ICU, the data are 
controversial (Table 2). Two meta-analyses failed to show 
any effect on the rate of nosocomial and/or ventilator-
associated pneumonia[2,16]. However, only seven of 
the original studies included reported on pneumonia. 
In contrast, a small (n = 137) but prospective and 
randomized trial showed a strong increase in ventilator-
associated pneumonia within the PPI group compared to 
placebo (36.4% vs 14.1%, P < 0.001)[46]. 

A retrospective study from our group found a significant 
association of PPI with pneumonia only by univariate but 
not by multivariate analysis[6]. A prevalence study including 
over 10000 patients from 17 countries identified SUP 
as an independent risk factor for infections[47]. Thus, the 
role of acid suppression as a risk factor for pneumonia is 
unclear but remains likely. Larger randomized prospective 

ADVERSE EVENTS
Gastric acid is a natural physiological barrier against 
ingested pathogens. Pharmacological acid suppression 
alters this barrier significantly. Subsequently, it is associated 
with gastric and duodenal bacterial overgrowth[29]. This 
effect is stronger in patients receiving PPI than in those 
taking H2RA[30]. The loss of this natural barrier may 
lead to intestinal (e.g., Clostridium difficile-associated 
diarrhea), but also to extra-intestinal infections (e.g., 
pneumonia, possibly via retrograde microaspiration). In 
addition, both PPI and H2RA potentially affect leucocyte 
function: Experimental studies have shown an effect of 

Table 1  Efficacy of proton pump inhibitor compared to 
histamine 2 receptor antagonists at the intensive care unit

Buendgens L et al . Stress ulcer prophylaxis at the ICU

Critically ill Patient

Mechanical ventilation > 48 h (A)
Coagulopathy (A)
INR > 1.5 or PLT < 50/nL or PTT > 2 × ULN

Yes
SUP recommended

Daily reevaluation

Upper GI bleeding < 12 mo (C)
Septic shock / severe sepsis (C)
Cardiogenic shock (B)
Burn patient (B)
Cranio-cerebral injury (B)
Acute renal failure (B)
Known peptic ulcer disease (C)
Kidney or liver transplantation (C)
NSAID (C)
High-dose glucocorticoids (C)

Yes

Daily reevaluation

SUP should be considered

No

NO SUP

Discharge from ICU

Discontinue SUP

No

Figure 2  Proposed algorithm for stress ulcer prophylaxis. For the different indications for SUP, the level of evidence is provided [A: Multiple randomized trials or 
meta-analysis, B: Single randomized or large non-randomized trial(s), C: Expert opinion or retrospective studies]. GI: Gastrointestinal; ICU: Intensive care unit; INR: 
International normalized ratio; NO: Nitric oxide; NSAID: Nonsteroidal anti-inflammatory drugs; PLT: Platelets; PTT: Partial thromboplastin time; SUP: Stress ulcer 
prophylaxis.

Meta-analysis   n Risk reduction 
(bleeding)

Risk reduction 
(mortality)

Alhazzani et al[2] 1720 RR = 0.36 RR = 1.01
(95%CI: 0.19-0.67) (95%CI: 0.83-1.24)

Pongprasobchai et al[59]   569 OR = 0.42 n/a
(95%CI: 0.20-0.91)

Barkun et al[60] 1587 OR = 0.30 OR = 1.19
(95%CI: 0.17-0.54) (95%CI: 0.84-1.68)

Lin et al[61]   936 RD = 0.04 RD = 0.00
(95%CI: 0.09-0.01) (95%CI: 0.04-0.05)

n/a: Not assessed; n: Patients included in the meta-analysis; RR: Relative 
risk; OR: Odds ratio; PPI: Proton pump inhibitor(s); RD: Risk difference.
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trials are warranted to resolve this issue. 
The main infection route of C. difficile is via ingestion 

of its spores and its vegetative forms. While the spores 
are naturally resistant to acid, the vegetative form is 
normally killed by acid in the stomach. If the stomach 
pH is raised above 5, Clostridia species show drastically 
improved survival. Given that the stool of infected 
individuals contains tenfold more vegetative forms than 
spores, this might explain an association of PPI and H2RA 
with CDAD[48]. 

Although no prospective data is available on this 
matter for critically ill patients, studies suggest an 
association between pharmacological SUP and CDAD in 
the ICU (Table 3). A small case-control study showed a 
positive association between the duration of PPI therapy 
and the risk of CDAD[49]. A retrospective study with 3286 
ICU patients demonstrated PPI as an independent risk 
factor for CDAD by multivariate analysis (OR = 3.11; 
95%CI: 1.11-8.74), comparable to the risk for CDAD 
associated with the use of fluoroquinolones or third-
generation cephalosporins. Moreover, in this trial an ICU-
onset CDAD was associated with an increased mortality 
(OR = 1.59; 95%CI: 1.06-2.41)[6]. Another recent 
study from Canada revealed a significant association 
with CDAD recurrence rates and continuation of PPI 
therapy (OR = 1.5; 95%CI: 1.1-2.0), similar to antibiotic 
reexposure (OR = 1.3; 95%CI: 0.9-1.7)[50]. 

Patients with liver cirrhosis appear to pose a population 
particularly prone to adverse effects of SUP. A prospective 
study including 272 patients with cirrhosis found the 
use of PPI to be an independent risk factor for overall 
mortality by multivariate analysis in those patients (HR 
= 2.3; 95%CI: 1.3-4.3)[51]. Reasons for this might be 
an increased risk of spontaneous bacterial peritonitis in 
addition to higher rates of pneumonia and CDAD[52-54]. 

Drug-drug-interactions are another concern for 
using PPI, especially in ICU patients. An important pos-
sible interaction exists between the antiplatelet agent 
clopidogrel and various PPI. In 2009, a study reported 
increased cardiovascular events in patients taking both 
clopidogrel and PPI[55]. The antiplatelet agent clopidogrel 
is a prodrug, dependent on the enzyme CYP2C19. In vitro 
PPI inhibit CYP2C19 and potentially inhibit clopidogrel. It 
remains unclear if this experimental finding is of clinical 

importance, since the patients with concomitant use of 
PPI and clopidogrel might have had a higher intrinsic risk 
due to greater age and more cardiovascular risk factors. In 
order to overcome this potential interaction, independent 
ingestion times, the use of pantoprazole (a PPI with low 
interaction potential) and/or replacing clopidogrel with 
ticagrelor, which is not a prodrug, have been suggested. 

Other side effects of PPI potentially relevant for 
critically ill patients include toxicity to liver or bone marrow 
and hypomagnesaemia. The latter has resulted in a recent 
warning from the Food and Drug Administration of the 
United States[56]. Osteopenia, another known association, 
seems less important acutely in ICU patients[57]. It is 
currently unknown if those adverse effects affect the 
prognosis of patients in an ICU. 

ENTERAL NUTRITION 
With regard to the potential adverse effects of SUP as 
described above, potential alternatives have been discussed. 
One should also keep in mind that both PPI and H2RA 
do not have a direct effect on the SRMD pathophysiology 
of reduced blood flow and altered balance between 
vasoconstrictors and dilatators (Figure 1). Enteral nutrition, 
in contrast, potentially has a positive impact on both[58]. 
Enteral nutrition could therefore be a viable alternative 
to pharmacological SUP. However, no prospective data is 
available on this subject. A meta-analysis of data available 
on 1836 patients disclosed that in presence of enteral 
nutrition a pharmacological SUP did not significantly change 
the risk of stress ulcer-related bleeding. Interestingly, in 
those patients that were enterally fed and treated with SUP 
the risk of pneumonia was increased (OR = 2.81; 95%CI: 
1.2-6.6) compared to patients on parenteral nutrition. 
In this subgroup, even an increase in mortality was 
observed[21]. Therefore, the role of enteral nutrition in SUP 
should be further explored in randomized prospective trials. 

CONCLUSION
Critically ill patients often develop gastrointestinal lesions 
due to altered perfusion of the gastric mucosa, reduced 
protective mucosal factors and increased gastric acid, 
rendering them at risk for GI bleeding due to SRMD or 
ulcers. Pharmacological SUP is performed in the majority 
of ICU patients at present, with PPI or H2RA effectively 
preventing GI bleeding. However, this common practice 
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Table 2  Acid suppression as a risk factor for pneumonia at 
the intensive care unit

Acid suppression as a 
risk factor for

Pneumonia 

Barkun et al[16] Meta-analysis OR = 1.05 (95%CI: 0.69-1.62)
Alhazzani et al[2] Meta-analysis RR = 1.06 (95%CI: 0.73-1.52)
Khorvash et al[6] Randomized 

controlled 
trial

14.1% without vs 36.4% with 
PPI, P < 0.001 

Buendgens et al[6] Retrospective 
cohort study

OR = 1.28 (95%CI: 0.95-1.73)

OR: Odds ratio; RR: Relative risk; PPI: Proton pump inhibitor.

Table 3  Proton pump inhibitor as a risk factor for Clostridium 
difficile -associated diarrhea at the intensive care unit

PPI as a risk factor 
for

Clostridium difficile -associated 
diarrhea (OR, 95%CI)

Barletta et al[49] Case control study 1.14 (1.02-1.27)
Buendgens et al[6] Retrospective 

cohort study 
3.11 (1.11-8.74)

OR: Odds ratio; PPI: Proton pump inhibitor.
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is currently debated, due to the fact that SUP does not 
significantly improve mortality of ICU patients, while acid 
suppression poses relevant risks. Specifically, nosocomial 
pneumonia and Clostridium difficile associated diarrhea 
are potential serious complications of SUP. Thus, SUP 
should follow a clear algorithm balancing risks and 
benefits (Figure 2). Alternative strategies like enteral 
feeding or restricting SUP to the early phase of ICU 
treatment or to patients with an exceptional high-risk 
profile deserve evaluation in prospective randomized 
trials.
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Abstract
Several clinical and experimental studies have shown 
that lung injury occurs shortly after brain damage. 
The responsible mechanisms involve neurogenic 
pulmonary edema, inflammation, the harmful action of 
neurotransmitters, or autonomic system dysfunction. 
Mechanical ventilation, an essential component of life 
support in brain-damaged patients (BD), may be an 
additional traumatic factor to the already injured or 
susceptible to injury lungs of these patients thus worsening 
lung injury, in case that non lung protective ventilator 
settings are applied. Measurement of respiratory mechanics 
in BD patients, as well as assessment of their evolution 
during mechanical ventilation, may lead to preclinical lung 
injury detection early enough, allowing thus the selection 
of the appropriate ventilator settings to avoid ventilator-
induced lung injury. The aim of this review is to explore 
the mechanical properties of the respiratory system in 
BD patients along with the underlying mechanisms, and 
to translate the evidence of animal and clinical studies 
into therapeutic implications regarding the mechanical 
ventilation of these critically ill patients.

Key words: Brain damage; Respiratory mechanics; Positive 
end-expiratory pressure; Lung injury; Ventilator-induced 
lung injury
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Core tip: Clinical and experimental evidence supports that 
preclinical lung injury occurs shortly after brain damage. 
Brain-damaged patients exhibit altered respiratory system 
mechanics and hypoxemia, even in the absence of 
clinically evident lung injury. Measurement of respiratory 
mechanics in such patients may reveal brain damage 
related lung injury early enough, and facilitate selection 
of the appropriate ventilator settings to avoid ventilator 
induced lung injury. Lung protective ventilation, consisting 
of low tidal volume and moderate levels of positive end-
expiratory pressure, may prevent a further deterioration of 
respiratory dysfunction, and could be possibly associated 
with improved outcome. 

Koutsoukou A, Katsiari M, Orfanos SE, Kotanidou A, Daganou 
M, Kyriakopoulou M, Koulouris NG, Rovina N. Respiratory 
mechanics in brain injury: A review. World J Crit Care Med 
2016; 5(1): 65-73  Available from: URL: http://www.wjgnet.
com/2220-3141/full/v5/i1/65.htm  DOI: http://dx.doi.org/10.5492/
wjccm.v5.i1.65

INTRODUCTION
Brain damage (BD), either due to spontaneous hemo
rrhage or trauma, represents one of the most important 
causes of death and disability in modern societies. Alth
ough morbidity and mortality of these patients are due 
principally to their primary disease, medical complications 
are frequent, with respiratory dysfunction being the most 
common[13]. Up to one third of BD patients develop acute 
respiratory distress syndrome (ARDS), a complication that 
has been associated with poor outcome[4,5].

Several clinical and experimental studies have confirmed 
that lung injury occurs shortly after brain damage. Rogers 
et al[6] found a significant increase of the lung weight 
along with edema, congestion and hemorrhage in 50% 
of patients who died within 96 h after isolated brain 
damage.

Ultrastructural changes in type Ⅱ pneumocytes along 
with an inflammatory response in the lung, similar to 
that induced by high tidal volume ventilation, have been 
observed in animals within the first hours of traumatic 
brain injury[7]. Similarly, alterations in lung architecture, 
such as alveolar hemorrhage, proteinaceous debris 
and neutrophilic infiltration were detected by Weber 
et al[8] in experimental traumatic brain damage. In 
addition, decreased pulmonary tolerance to subsequent 
mechanical stress due to mechanical ventilation[9], as well 
as aggravation of preexisting lung injury[10] have been 
reported after massive brain damage in animals. 

Although experimental as well as clinical evidence 
support the existence of a close interaction between 
the brain and lungs[11], the mechanisms by which brain 
damage leads to alterations in pulmonary function are 
unclear. They may involve neurogenic pulmonary edema, 
inflammation, neurotransmitter-related engagement, or 

adverse effects of neuroprotective therapies[12,13].
Mechanical ventilation is an essential component of 

life support in brain damaged patients. It is well known 
that, despite being lifesaving, mechanical ventilation may 
nonetheless cause or perpetuate lung injury if alveolar 
overdistention and repeated alveolar collapse and re
expansion occurs with each breath [ventilatorinduced 
lung injury (VILI)][14]. Non lung protective mechanical 
ventilation could thus constitute an additional traumatic 
factor to the already injured or susceptible to injury 
lungs of such patients[9,15]. Indeed, recent research has 
found that a lung protective strategy is an independent 
predictor of favorable outcome of BD patients[16]. Further
more, it has been shown that lung protective strategy 
prevented the decline of pulmonary function consequent 
to brain death and increased the number of lungs 
available for transplantation[17], a finding particularly 
important in the context of lung transplantation because 
of the scarcity of lung donors. In relation to the latter, 
it should be noted that preclinical lung injury may be 
present in BD patients with “normal” chest Xrays; thus it 
is of paramount importance to have a marker that could 
detect such an injury. 

Measurement of respiratory mechanics in brain 
damaged patients, as well as assessment of their 
evolution during mechanical ventilation, may help in the 
detection of lung injury early enough, but also in selecting 
the appropriate ventilator settings to avoid VILI.

The aim of this review is to explore the mechanical 
properties of the respiratory system in brain damaged 
patients along with the underlying mechanisms, and 
translate the evidence of animal and clinical studies 
into therapeutic implications regarding the mechanical 
ventilation of these critically ill patients.

RESEARCH
The information in this review is based on results 
of a Medline and OVID search. The key words used 
were related to brain damage (traumatic brain injury, 
hemorrhagic stroke, intracranial pressure, brain death), 
and to acute lung injury/ARDS and mechanical ventilation 
(pulmonary edema, acute respiratory distress syndrome, 
ventilator induced lug injury, inflammation, respiratory 
mechanics, mechanical ventilation, tidal volume, positive 
endexpiratory pressure, lung transplantation). We read 
relevant articles in full, searched their reference lists, 
and chose the most relevant on the basis of findings and 
clinical significance. Bibliographies of identified articles, 
guidelines and conference proceedings of professional 
societies were reviewed for additional references.

FROM THE BRAIN TO THE INJURY OF 
THE LUNGS
Several nonexclusive mechanisms have been implicated in 
the brain to lungs’ injury process. Pulmonary dysfunction 
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after brain damage has long been attributed to an 
increased sympathetic activity. Massive catecholamine 
release may lead to neurogenic pulmonary edema[18], that 
is the extravasation of fluid from the blood into the alveolar 
and interstitial space of the lungs in patients who have 
suffered an acute neurological event. Several theories 
have been proposed considering the pathophysiology 
of this entity. The mostly recognized is the “blast injury”
theory, suggesting that the sympathetic storm which 
follows a sudden increase in intracranial pressure 
induces a transient increase in intravascular pressure 
and the consequent disruption of the alveolocapillary 
membrane[18]. The development of neurogenic pulmonary 
edema is attributed either to hydrostatic forces, as it is 
supported by a low pulmonary/plasma protein ratio[19], or 
to high permeability mechanisms supported by increased 
accumulation of pulmonary extravascular protein[20]. The 
association between massive sympathetic discharge 
and neurogenic pulmonary edema is further supported 
by a more recent experimental study showing that 
pretreatment of braindamaged rats with alphaadrenergic 
antagonists prevented the hypertensive response and 
attenuated the subsequent lung injury[21]. 

In addition to the “blast injury” theory, a systemic 
inflammatory response seems to play a critical role in 
the development of lung injury after brain damage. 
Clinical studies in acutely braindamaged patients 
have suggested an increased intracranial production[22] 

and release[23] of proinflammatory mediators into 
the systemic circulation along with possible activation 
of inflammatory cascades. Intracranial production of 
inflammatory cytokines probably takes place in brain 
microglia and astrocytes[23], while through the altered 
bloodbrain barrier these mediators can reach peripheral 
organs leading to multiorgan dysfunction[22,24,25]. Indeed, 
Fisher et al[26] detected an increased concentration of 
proinflammatory cytokines in the bronchoalveolar lavage 
fluid (BALF) of patients with fatal BD. The same group 
later reported that increased levels of BALF interleukin8 
(IL8) in brain dead lung donors correlated with severe 
early graft dysfunction and recipient mortality, pointing 
out to the key role of such a preclinical inflammatory 
process[27]. 

Several experimental studies have confirmed the 
existence of a systemic inflammatory process in BD. 
In animals with acute brain injury, Kalsotra et al[28] 
detected a significant migration of macrophages and 
neutrophils into the lungs at 24 h post injury, associated 
with enhanced pulmonary leukotriene B4 production. 
Skrabal et al[29] investigated the very early organ-specific 
inflammation responses after brain death in pigs and 
found an up-regulation of the pro-inflammatory cytokines 
tumor necrosis factoralpha (TNFα), IL1β and IL6 in 
the animal lungs. All these substances are mediators 
that may modulate the expression of adhesion molecules 
and consequent activity[30]. In fact, an upregulation of 
the soluble intercellular adhesion molecule1 (ICAM1) 
was found in the lungs of BD animals[29]. Similarly, 

Cobelens et al[31] found that experimental subarachnoid 
hemorrhage was associated with neutrophil influx into 
the lungs as well as increased expression of pulmonary 
adhesion molecules and chemokines. Adhesion molecules 
through activation, firm adhesion, and the chemotactic 
migration of leukocytes[32] may contribute to lung injury. 
In this respect, a strong association between increased 
serum levels of ICAM1 and poor neurological outcome 
has been found by McKeating et al[33] in a cohort of 
BD patients. Among other molecules that have been 
linked with the brain to lung injury process are S100B, 
ESelectin and caspase1[10,34]. Moreover, altered activity 
of pulmonary capillary endothelial angiotensin converting 
enzyme is present in brain dead subjects denoting 
preclinical pulmonary endothelial dysfunction[35]. In a 
similar respect, the presence of preclinical pulmonary 
inflammation in mechanically ventilated BD patients 
was revealed by markers measured in exhaled breath 
condensate[36]. 

Very recently, Nicolls et al[37] demonstrated that acute 
lung injury that followed traumatic brain injury in animals 
was mediated by highmobility group box1 (HMGB1), 
a nuclear protein that serves as an early mediator of 
inflammation[8]. The authors additionally showed that 
HMGB1 activates inflammatory responses through 
binding to receptor for advanced glycation end products 
(RAGE). The fact that RAGE is highly expressed on lung 
epithelial cells could partially explain why the lung is so 
sensitive to damage after brain injury. 

Severe brain damage may induce lung injury through 
modulation of neurokinins since such substances are 
released in patients with BD[38,39]. Substance P and 
neurokinin A have been implicated in bronchoconstriction, 
mucosal edema, increased vascular permeability, 
pulmonary edema and leukocyte adhesion activation[39]. 
ChavollaCalderón et al[40] demonstrated that the 
derangement of the substance P receptor protects 
against pulmonary inflammation.

Finally, it has been suggested that excessive lung 
inflammation may be the result of BD-induced impairment 
of the parasympathetic nervous system leading to loss 
of the protective cholinergic anti inflammatory path
way[41,42]. Kox et al[43] have suggested that BDassociated 
increased intracranial pressure (ICP) may alter the 
immunoregulatory function of the vagus nerve, which 
may operate as an additional means through which the 
brain exerts control over cytokine expression[41]. Indeed, 
it has been reported that vagus nerve stimulation was 
followed by inhibition of TNFα, IL1, IL6, IL8 and HMGB1 
release[44]. dos Santos et al[45] supported the protective 
role of the cholinergic antinflammatory pathway, 
demonstrating that vagus nerve stimulation attenuated 
lung injury while in contrast vagotomy exacerbated VILI. 

Regardless of the responsible mechanisms, an injuri
ous ventilatory strategy in the presence of an established 
inflammatory process may act as an additional stimulus 
that can aggravate lung damage. A “double hit” model 
could explain the development of organ failure associated 
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hypertension[10].
Finally, atelectasis, associated with anesthesia and 

paralysis or with impaired production/function of 
pulmonary surfactant as a result of brain damage, as well 
as alterations in chest wall mechanics, may be additional 
potential explanations for the increased Est,rs in this 
setting[7,47,48,52,53].

Gas exchange
Although hypoxemia is present in a substantial percentage 
of BD patients[15,47,48,54] and has been recognized as 
a secondary insult associated with poor neurological 
outcome[5557], data on gas exchange in such patients are 
scarce. A moderate to severe impairment of oxygenation 
has been noted in patients with isolated brain injury in 
the absence of abnormal chest Xrays[6,58,59]. Similarly, a 
ratio of partial pressure of arterial of oxygen to fraction of 
inspired oxygen (PaO2/FiO2) below the normal limit was 
detected on the first day of mechanical ventilation in BD 
patients without acute lung injury[48], while oxygenation 
further deteriorated after 5 d on mechanical ventilation. 

Weber et al[8] reported that in animals with BD the 
degree of inflammation, as expressed by serum levels 
of HMGB1 were correlated with PaO2/FiO2. Mascia 
et al[60] found that BD patients who subsequently 
developed ARDS had at baseline an abnormal PaO2/
FiO2 ratio (< 300 mmHg), and that hypoxemia was the 
strongest independent predictor of ARDS development. 
Ventilation/perfusion (V/Q) mismatch and shunt, the 
main pathophysiological mechanisms of hypoxemia[61] 
ensuing from airway closure and atelectasis due to lung 
surfactant depletion[7,53] and/or increased extravascular 
lung water[10,47] might explain oxygenation impairment.

Given that brain damage patients are usually hyper
ventilated for neuroprotection, data on ventilation and 
PaCO2 disturbances are missing.

VENTILATORY STRATEGIES
Ventilatory management of braindamaged patients 
presents a major challenge for physicians since the fragile 
lungbrain balance must be preserved. The ventilatory 
strategy on one hand aims at maintaining adequate 
oxygenation and avoiding hypercapnia in order to protect 
the intracranial pressure and cerebral blood flow, and 
thus prevent secondary brain injury; on the other hand 
though it should avoid VILI. In addition, it should be 
noted that injurious mechanical ventilation per se may 
cause brain activation[62] or damage to selected brain 
areas[63] and thus, the selection of appropriate ventilatory 
settings becomes of paramount importance.  

According to the guidelines for the management 
of severe traumatic brain injury intense hypocapnia 
should be avoided, because it may compromise cerebral 
blood flow and aggravate hypoperfusion[64]. However, 
traditional ventilatory management of BD patients 
involves high tidal volumes to maintain mild hypocapnia 
(PaCO23035 mmHg) for the treatment of intracranial 

with acute brain injury[15]. “First hit” corresponds to the 
adrenergic boost and systemic production and release 
of inflammatory mediators that make the lungs more 
vulnerable to a subsequent “second hit”, such as the 
mechanical stress induced by mechanical ventilation 
or the ischemia/reperfusion that may be seen in lung 
transplants[15]. 

RESPIRATORY MECHANICS AND GAS 
EXCHANGE
Although, as already mentioned, pulmonary dysfunction 
is a wellrecognized complication of brain damage, it is 
surprising that until now very few studies have assessed 
respiratory mechanics in this group of patients. Moreover, 
although these patients usually need prolonged 
mechanical ventilation due to coma, few studies have 
assessed the impact of ventilatory settings on respiratory 
mechanics.

Two decades ago, Tantucci et al[46] studied a group 
of BD patients and found increased respiratory system 
flow resistance (Rmin,rs). Increased respiratory system 
resistance was also detected by Gamberoni et al[47] in 
BD patients with and, importantly, without respiratory 
failure. It should be noted that increased Rmin,rs was 
also found on the first day of mechanical ventilation in 
BD patients without acute lung injury[48].

Increased Rmin,rs could be attributed to broncho
constriction, as a result of hyperventilation and conse
quent hypocapnia that are usually therapeutically applied 
in these patients. In anesthetized and paralyzed normal 
subjects (i.e., without apparent lung pathology), D’Angelo 
et al[49] have shown that decreased partial pressure of 
arterial carbon dioxide (PaCO2) was associated with 
a significant increase in Rmin,rs. However, additional 
factors inducing bronchoconstriction and airway mucosal 
edema, such as neuropeptides, cannot be excluded as 
potential mechanisms, since such substances appear to 
be released and circulate in patients with BD[38,39]. Finally, 
an altered control of airway caliber has been proposed as 
a likely explanation for the increased respiratory system 
resistance[47]. 

Increased respiratory system elastance (Est,rs) has 
been found in experimental[8,50] as well as in clinical BD 
without acute lung injury[47,48,51]. Interestingly, only one 
study[46] reported non increased Est,rs, but this may 
reflect the high tidal volumes used for ventilation in the 
past (15 mL/kg). 

Increased extravascular lung water, a manifestation 
of pulmonary edema resulting from the sympathetic 
hypereactivity elicited by the central nervous system 
injury, might partially explain the aforementioned 
increased Est,rs. In this regard, it should be noted that, 
despite relatively normal chest Xrays, increased lung 
densities have been detected in CT scans of patients with 
BD[47]. In a similar respect, increased extravascular lung 
water along with CT scan lung densities were detected 
in animals soon after the induction of intracranial 
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hypertension accompanied by low levels of positive end
expiratory pressure (PEEP) to optimize oxygenation 
without impeding cerebral venous drainage[64]. 

Furthermore, it is well established that this ventilatory 
strategy can exacerbate the pulmonary and systemic 
inflammatory response in patients with ARDS[65]. Even in 
patients without ARDS, ventilation with high tidal volumes 
proved to have deleterious effects and to induce VILI[66]. 
Moreover, according to the “double hit” theory, once 
the lungs are primed from a severe brain injury, they 
may become more susceptible to the injurious effects 
of mechanical ventilation[15] making VILI development 
more probable. In this respect, it was demonstrated that 
apparently healthy lungs of animals subjected to massive 
braininjury developed more alveolar damage under 
injurious mechanical ventilation[9].

In clinical settings, high tidal volume and low PEEP 
have been implicated in deterioration of respiratory 
mechanics and unfavorable outcome in BD patients. A 
recent clinical study reported that in patients with severe 
brain injury, high tidal volumes, high respiratory rates, 
and hypoxemia were the stronger independent predictors 
of ARDS development[60]. Similarly, in mechanically 
ventilated patients with intracerebral hemorrhage, Elmer 
et al[16] showed that high tidal volumes were among 
the factors associated with ARDS development. High 
mechanical stretch with consequent alveolar distention, 
alveolar epithelial and vascular endothelial disruption and 
inflammation[14] may have contributed to the exacerbation 
of lung injury and ARDS in the already primed lungs of 
these patients[16].

Furthermore, in BD patients without acute lung 
injury, application of moderate levels of PEEP for 5 d 
prevented lung damage, as assessed by the increased 
Est,rs, present in the group of patients ventilated on 
zero endexpiratory pressure (ZEEP)[48]. In a later study, 
BD patients with no apparent lung pathology ventilated 
with ZEEP exhibited early and sustained increases of 
circulating inflammatory indices as compared to patients 
on 8 cmH2O of PEEP[36]. Avoiding endexpiratory collapse 
and maintenance of recruited alveoli by applying PEEP, 
may protect against “low volume” injury, that is the lung 
damage attributable to airway closure or heterogeneous 
constriction[6772]. Atelectasis in the dependent lung zones 
and peripheral airway closure usually develop during 
general anesthesia even in normal lungs[52]. In BD 
patients, abnormal surfactant production due to injury of 
pneumocytes Ⅱ[7] or release of inflammatory mediators 
could enhance peripheral airway closure and atelectasis 
formation. Under these disorders, opening and closing 
of peripheral airways during tidal breathing would be 
possible, leading to the development of shear stresses 
that can damage peripheral airways[67]. In the presence 
of airway closure there is heterogeneous lung filling and 
emptying, conditions which might contribute to lung 
injury[7375].

Application of PEEP in mechanically ventilated brain
injured patients has been considered controversial. 

Although PEEP can optimize oxygen delivery to the 
brain[54,76], it may result in raised mean intrathoracic 
pressure and therefore might increase ICP through 
reducing venous drainage. Additionally, the increased 
intrathoracic pressure could lead to a decrease in arterial 
pressure, which in turn may decrease cerebral blood 
flow in patients with impaired cerebral autoregulation[77]. 

Clinical studies addressing the effect of PEEP in BD 
patients have mainly focused on the ICP and cerebral 
perfusion pressure (CPP) showing conflicting results[7880]. 
The Starling resistor model serves the most suitable 
interpretation of the PEEP effect on the ICP[81]. Luce et 
al[81] documented in an animal study that the consequences 
of PEEP on ICP were more evident whenever the applied 
PEEP was higher than ICP. Later, McGuire et al[82], in a 
clinical study, provided evidence that PEEP levels up to 15 
mH2O were not transmitted to central nervous system if 
baseline ICP values were higher than the applied PEEP. 

Unexpected findings have been reported by Huynch 
et al[83] who have shown that increases in PEEP up to 
15 cmH2O, in 5 cmH2O increments, correlated with 
reduction in ICP and augmented CPP. Nevertheless, no 
physiologic explanations have been provided for these 
findings.

Decrease in mean arterial pressure as a consequence 
of increased intrathoracic pressure has been implicated 
as a responsible mechanism of PEEPinduced decrease 
in CPP. An observational study involving patients with 
subarachnoid hemorrhage demonstrated that restoration 
of mean arterial pressure returned CPP to baseline, 
supporting a PEEPdependent decrease of the former as 
the underlying mechanism of CPP reduction post PEEP 
application, rather than an increase in ICP[84]. In this 
regard, Doblar et al[85] showed that euvolemia, achieved 
with hypertonic volume expanders, averted an undesired 
reduction in arterial and cerebral perfusion pressure after 
application of various levels of PEEP. 

The elastic properties of the respiratory system 
and its components could have an impact on the PEEP 
effect on ICP. In cases of low chest wall compliance or 
normal lung compliance, PEEP may increase intrathoracic 
pressure. On the contrary, reduced lung compliance could 
exert a protective role by minimizing airway pressure 
transmission[86]. However, clinical studies investigating 
the influence of respiratory system mechanics on the 
transmission of PEEP to the intracranial compartment have 
reported conflicting results[78,87]. Caricato et al[51] found that 
PEEP application resulted in reduction of CPP only in patients 
with normal respiratory system compliance, but had no 
effect on ICP regardless of the latter. Recently, a clinical 
study in patients with hemorrhagic stroke and respiratory 
system compliance within normal range displayed that, 
although PEEP up to 14 cmH2O significantly increased ICP, 
arterial and cerebral perfusion pressures were not affected 
and thus the observed increases in ICP were not clinically 
meaningful[88].

Application of PEEP may affect cerebral circulation 
through CO2mediated mechanisms[89]. An increase in 
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PaCO2 directly causes vasodilation of cerebral arteries and 
a consequent increase in cerebral blood volume, which 
might result in a rise in ICP if intracranial compliance is 
reduced. In patients with severe brain injury and acute 
lung injury, Mascia et al[60] studied the cerebropulmonary 
interactions during the application of low PEEP levels. 
In braindamaged patients with “relatively normal” ICP, 
these investigators found that when the application of 
PEEP induced hyperinflation with consequent increase in 
PaCO2, the ICP increased; in contrast when PEEP resulted 
in alveolar recruitment there were no effects on ICP and 
cerebral perfusion. 

Despite the aforementioned clinical and experimental 
studies, the ideal ventilation strategy for patients with 
massive brain damage has not been clarified. The “open 
lung” approach which integrates the use of low tidal 
volumes with high PEEP, despite its beneficial effect on 
morbidity and/or mortality in ARDS patients, has not 
been extensively studied in braininjured patients. Wolf 
et al[93] found that an “open lung” approach, consisting 
of low tidal volumes and elevated PEEP levels after 
performing recruiting maneuvers, improved respiratory 
function in neurosurgical patients with severe respiratory 
failure without generating negative effects on cerebral 
physiology. A recent animal study demonstrated that an 
“open lung” approach, consisting of low tidal volumes and 
PEEP set according to the minimal Est,rs, attenuated lung 
injury in rats with massive brain damage[90]; however 
neurological parameters and therefore the potential 
impact of the open lung strategy on brain damage were 
not evaluated in this study. 

At present, it seems that the use of low tidal volume 
to avoid overdistention, and of moderate levels of PEEP 
to improve oxygenation and to avoid “low volume” injury, 
may be appropriate in patients with brain damage; 
however mean arterial pressure should be preserved 
and close attention to ICP and CPP alterations should be 
given. 

CONCLUSION
Several clinical and experimental studies have confirmed 
that lung injury occurs shortly after brain injury. Brain
damaged patients without acute lung injury exhibit 
alterations of respiratory system mechanics, mainly 
increased respiratory system elastance and airway 
resistance, and hypoxemia. Ventilatory management 
of such patients should aim at optimizing neurologic 
protection, but at the same time at preventing further 
deterioration of respiratory dysfunction. Modifiable ventilator 
parameters possibly associated with improved outcome 
include low tidal volumes and moderate levels of PEEP. 
Nevertheless, more studies are needed to elucidate the 
potential beneficial role of an “open lung”approach in brain-
damaged patients with respiratory compromise. 
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Abstract
Mortality from acute respiratory distress syndrome 
(ARDS) remains unacceptable, approaching 45% in 
certain high-risk patient populations. Treating fulminant 
ARDS is currently relegated to supportive care measures 
only. Thus, the best treatment for ARDS may lie with 
preventing this syndrome from ever occurring. Clinical 
studies were examined to determine why ARDS has 
remained resistant to treatment over the past several 
decades. In addition, both basic science and clinical 
studies were examined to determine the impact that 
early, protective mechanical ventilation may have on 
preventing the development of ARDS in at-risk patients. 
Fulminant ARDS is highly resistant to both pharmacologic 
treatment and methods of mechanical ventilation. 
However, ARDS is a progressive disease with an early 
treatment window that can be exploited. In particular, 
protective mechanical ventilation initiated before the 
onset of lung injury can prevent the progression to ARDS. 
Airway pressure release ventilation (APRV) is a novel 
mechanical ventilation strategy for delivering a protective 
breath that has been shown to block progressive acute 
lung injury (ALI) and prevent ALI from progressing to 
ARDS. ARDS mortality currently remains as high as 
45% in some studies. As ARDS is a progressive disease, 
the key to treatment lies with preventing the disease 
from ever occurring while it remains subclinical. Early 
protective mechanical ventilation with APRV appears to 
offer substantial benefit in this regard and may be the 
prophylactic treatment of choice for preventing ARDS.
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Core tip: Mortality from acute respiratory distress 
syndrome (ARDS) remains unacceptably high. Treating 
fulminant ARDS, however, is currently relegated to 
supportive care measures only. Thus, the best treatment 
for ARDS may lie with preventive measures. Indeed, 
since ARDS is a progressive disease, treating this 
disease in its subclinical phases may prevent the disease 
from ever occurring. In this regard, early protective 
mechanical ventilation with airway pressure release 
ventilation appears to offer substantial benefit and may 
be the prophylactic treatment of choice for preventing 
ARDS.

Sadowitz B, Jain S, Kollisch-Singule M, Satalin J, Andrews 
P, Habashi N, Gatto LA, Nieman G. Preemptive mechanical 
ventilation can block progressive acute lung injury. World J Crit 
Care Med 2016; 5(1): 74-82  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v5/i1/74.htm  DOI: http://dx.doi.
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ACUTE RESPIRATORY DISTRESS 
SYNDROME AND ITS SEQUELAE REMAIN 
A MAJOR AND COSTLY PUBLIC HEALTH 
CARE BURDEN
Acute respiratory distress syndrome (ARDS) and its 
sequelae remain a significant public health care burden 
in North America and worldwide[1-3]. The mean hospital 
costs for a patient with ARDS can easily cross the $100000 
mark before discharge; this figure does not include 
the cost of subsequent hospital visits for complications 
from ARDS or any outpatient services including physical 
therapy, in-home nursing, or pharmaceuticals[1]. 

Compounding this significant cost is the broad spectrum 
of disability suffered by ARDS patients[2-6]. These 
disabilities are both physical and psychological, and 
they can last for at lease 5 years after the initial ARDS 
insult[1-6]. Most importantly, the sum total of these 
disabilities ultimately leads to a quality of life for ARDS 
patients that is significantly reduced compared to both 
the general population and other patients without ARDS 
who survived a critical illness[4,6]. 

It would appear that the most effective way to 
reduce the economic, physical, and psychological burden 
of ARDS would be via prevention of the disease process 
from ever occurring. Fulminant ARDS is resistant to all 
current treatment therapies, be they pharmacologic, 
mechanical, or a combination of the two[7-9]. We believe, 
however, that employment of a protective ventilation 

strategy early in the course of acute lung injury (ALI) 
or in patients at risk for ALI can block progression of 
this disease and prevent ARDS. Thus, our goal with this 
review is to detail the longstanding futility of treating 
established ARDS while examining the evidence that 
preemptive protective mechanical ventilation can reduce 
ARDS incidence. Furthermore, we will examine both 
the basic science and clinical studies demonstrating 
that airway pressure release ventilation (APRV) is the 
premier mode of ventilation for delivering an optimal 
protective breath with a specific mechanical breath 
profile (MBP) that prevents progression to ARDS for 
those patients at risk.

ONCE ESTABLISHED, THERE ARE NO 
EFFECTIVE TREATMENTS FOR ARDS
The landmark ARDSnet trial in 2000 marked the first 
time in decades that a significant, positive treatment 
effect was noted in patients with ALI and ARDS. In this 
trial, patients with ALI or ARDS were randomized to a 
“traditional”, high-tidal volume (12 cc/kg) ventilation 
group or a low-tidal volume (6 cc/kg) ventilation 
group. The trial was terminated after enrollment of 861 
patients, as mortality was significantly lower in the low-
tidal volume ventilation group compared to the high-
tidal volume ventilation group (31% vs 38.9%, P = 
0.007)[10]. 

Although this certainly was a step forward in ARDS 
treatment, the optimism of this study should be tempered 
with the following considerations. First, the patient 
population studied in this trial underrepresents certain 
patient groups at high risk for ARDS. In particular, 
trauma patients only accounted for 13% of the patients 
in the low-tidal volume group and 9% of the patients in 
the high-tidal volume group[10]. Many trauma patients 
have well-known risk factors for ARDS development 
including: Injury severity scores > 16, thoracic injury or 
pulmonary contusions with abbreviated injury scale score 
of > 3, longbone and/or pelvic fractures, and transfusion 
of > 2 units of blood products within the first 24 h of 
injury[11]. Second, although the results of the study were 
statistically significant, in-hospital mortality from ARDS 
remained quite high at 31%. Lastly, and perhaps most 
importantly, the overall mortality of ARDS worldwide has 
not substantially changed since the original ARDSnet 
study was published and remains static at approximately 
40%[12-14]. 

ARDS is a progressive disease, and there is a treatment 
window early in this progression that can be exploited
Why has ARDS remained a vexing clinical entity, highly 
resistant to all of our attempts at effective treatment? 
The answer to this question may lie in the way we 
view the disease process itself. For decades, ARDS has 
been viewed through the lens of a binary construct: 
the disease is either present or it is not. However, this 
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paradigm has started shifting in recent years, and this 
shift may hold the key to effectively combating ALI 
and ARDS. In particular, ARDS is now being viewed 
as a progressive disease with an early treatment 
window that can be targeted[15-25]. To that end, ARDS 
investigators are turning their attention toward identi-
fying patients at-risk for developing ALI/ARDS and 
investigating preventive treatment strategies. 

Unfortunately, identifying at-risk patients for ALI 
has proven difficult. The complexity of this process 
is highlighted by a recent prospective observational 
study in three Spanish teaching hospitals. In this study, 
815 patients were identified with at least one clinical 
insult, the most common being sepsis, pneumonia, and 
pancreatitis[26]. However, the majority of patients in this 
study with risk factors for developing ALI/ARDS never 
developed lung injury at all[26]. What is clear across 
multiple studies, however, is the fact that ALI is rarely 
present on initial presentation and develops over hours 
to days while patients are in the hospital[27-30]. Thus, 
there is a window of opportunity early in the progression 
of developing lung injury that can be exploited with the 
following caveat: whatever intervention is used, it must 
be benign and without deleterious side effects so it can 
be applied to all patients at high-risk for developing lung 
injury. 

What is clinically needed to make this a reality is 
a reliable risk factor model that accurately identifies, 
with a high sensitivity and specificity, those patients 
who will develop ALI/ARDS. One model that may prove 
helpful in this regard is the Lung Injury Prediction 
score (LIPS). The LIPS score is calculated based on a 
set of predisposing conditions and risk modifiers that 
are catalogued before the onset of ALI including the 
presence of shock, sepsis, pneumonia, acute abdomen, 
smoke inhalation, lung contusion, multiple fractures and 
acidosis[31]. Benefits of the LIPS score include the use 
of clinical variables closely associated with lung injury 
that are easily available on hospital admission and are a 
usual part of the patient chart[31]. In addition, this model 
identifies at-risk patients before they are admitted to 
the intensive care unit (ICU) or suffer a “second hit” 
that can hasten the progression to ALI[31]. 

The only successful treatments thus far are those 
involving methods of protective mechanical ventilation 
instituted early in the disease course
Although a clinical predictive tool like the LIPS score 
may ultimately prove useful for identifying those patients 
at risk for developing ALI/ARDS, successfully preventing 
progression to lung injury has proven equally difficult 
to solve. To be sure, maximizing supportive care 
measures and following a standardized bundle of lung 
injury prevention measures is an important part of 
this process[15,22]. However, there is no clearly defined 
treatment to date, either pharmacologic or mechanical, 
that definitively prevents lung injury. 

With this in mind, there is an increasing body of 

literature demonstrating the beneficial effects of 
early protective mechanical ventilation on halting the 
progression toward lung injury. For example, patients 
undergoing major abdominal, cardiac, or thoracic 
surgery represent a large patient population at risk 
for developing ALI[32-34]. The method and technique 
of mechanical ventilation during surgery, therefore, 
represent a potential therapeutic intervention for 
preventing the development of ALI/ARDS in these at-
risk surgery patients. One constant across these studies 
is the following: Protective ventilation strategies in 
the operating room, using low tidal volume ventilation 
strategies (6-8 cc/kg), lower the risk of lung injury and 
pulmonary complications as compared to conventional 
mechanical ventilation with higher tidal volumes[34]. 
Employing selective positive end-expiratory pressure 
(PEEP) levels and using recruitment maneuvers in the 
operating room may provide further lung protection 
as well. For example, Futier et al[35] (add 35 here as 
well) demonstrated a 69% decrease in the number 
of patients requiring ventilatory support within the 
first seven days after major abdominal surgery. The 
ventilation strategy used in the operating room was low 
tidal volume ventilation (tidal volume 6-8 cc/kg) along 
with a PEEP of 6-8 cmH2O and recruitment maneuvers 
every 30 min after intubation[35]. 

It is important to remember that these preemptive 
strategies of protective mechanical ventilation are 
not restricted to surgical patients or those patients 
undergoing major abdominal or thoracic surgery. For 
those patients with critical illness who are in the ICU 
setting, protective mechanical ventilation strategies 
may be of utmost importance as well. Specifically, 
Determann et al[36] compared the effect of conventional 
tidal volume ventilation (10 cc/kg of predicted body 
weight) vs low tidal volume ventilation (6 cc/kg of 
predicted body weight) in critically ill patients without 
ALI at the onset of mechanical ventilation. This trial was 
stopped prematurely as the development of lung injury 
was significantly higher in the conventional tidal volume 
group[36]. 

PREEMPTIVE, PROTECTIVE MECHANICAL 
VENTILATION INSTITUTED BEFORE 
THE DEVELOPMENT OF CLINICAL 
MANIFESTATIONS HAS THE POTENTIAL 
TO REDUCE THE INCIDENCE OF ARDS
It seems clear, therefore, that mechanical ventilation 
and the way it is implemented are key factors in 
determining whether or not patients at-risk for lung 
injury progress to ALI/ARDS. Thus, if used correctly, 
mechanical ventilation has the potential to dramatically 
decrease the incidence of ARDS. This brings up another 
important question: What method of mechanical 
ventilation provides the optimal protective breath-to-
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guidelines are the current standard of care for patients 
with ARDS, we decided to do a comparison study 
between APRV and the ARDSnet low tidal volume 
ventilation strategy with our porcine model of ARDS. 
As with our initial APRV experience, the APRV group 
in this study did not develop ARDS[39]. In addition, 
the APRV group demonstrated preservation of lung 
E-cadherin and surfactant protein A, suggesting APRV 
can attenuate lung permeability, edema, and surfactant 
degradation[39]. The ARDSnet ventilation group, on the 
other hand, developed significant lung injury and ARDS, 
based on pulmonary parameters along with both the 
gross and histological appearance of the lungs (Figure 
2)[39]. It is important to keep in mind that in this study, 
low tidal volume protective ventilation was applied after 
lung injury had developed, similar to current clinical 
practice. We are currently conducting a study in which 
low tidal volume ventilation and APRV are both applied 
preemptively in an attempt to identify the optimally 
protective breath to block progressive ALI.     

The results of these two former studies were clearly 
dramatic and prompted us to evaluate the mechanical 
breath profile of APRV to further elucidate its potential for 
lung protection. To examine the mechanical breath profile 
of APRV, we used a rat model of lung injury induced by 
polysorbate lavage[40]. Animals were randomized to one 
of two groups: A controlled mandatory ventilation group 
and an APRV group[40]. In the controlled mandatory 
ventilation group, different levels of PEEP (5, 10, 16, 

breath strategy for preventing lung injury?

Both basic science and clinical studies suggest that 
APRV is the ideal ventilation strategy for delivering the 
optimal protective breath
Work in our laboratory over the past several years has 
led us to the conclusion that APRV, using a specific MBP, 
may be the best method of mechanical ventilation for 
providing the optimal protective breath and ultimately 
preventing the progression to ALI/ARDS. Our laboratory 
specializes in a porcine model of secondary ARDS 
caused by an intestinal ischemia/reperfusion injury and 
peritoneal sepsis[37]. In 2012 we undertook a study 
to evaluate the effectiveness of APRV in preventing 
lung injury in this animal model. Yorkshire pigs were 
randomized to two mechanical ventilation groups: 
APRV (10-15 cc/kg tidal volume) and non-preventative 
ventilation (10 cc/kg tidal volume)[38]. Despite similar 
markers of systemic inflammation, the APRV group did 
not develop ARDS and displayed decreased pulmonary 
inflammation with increased preservation of surfactant 
proteins[38]. In addition, both the gross and histological 
appearance of the lungs demonstrated minimal lung 
injury in the APRV group, while the control group 
demonstrated significant lung injury and inflammation 
and progressed to fulminant ARDS (Figure 1)[38]. 

The significant difference in lung injury between 
groups prompted us to further evaluate APRV and its 
effectiveness in preventing lung injury. As the ARDSnet 
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Figure 1  A gross and histological comparison between airway pressure release ventilation and nonpreventative ventilation. A and D: Gross pathology of the 
cut surface of the right lower lobe of the lung of representative animals from (A) the NPV and (D) the APRV group. The NPV shows severe inflammation, bronchial 
edema, and areas of hemorrhage. The APRV group demonstrates normal, pink, homogenously inflated lungs with little injury on gross appearance; B, C, E, F: 
Histological comparison of four pigs, two NPV (B and E) and two APRV (C and F) at low (B and C) and high (E and F) magnification. The NPV animals show classic 
stigmata of ARDS including atelectasis, fibrinous exudates, intra-alveolar hemorrhage, congested capillaries, thickened alveolar walls, and leukocytic infiltrates. The 
APRV animals demonstrate preservation of nearly normal pulmonary architecture. Published with permssion from Ref[38]. APRV: Airway pressure release ventilation; 
NPV: Nonpreventative ventilation; ARDS: Acute respiratory distress syndrome; Alv: Alveoli.
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20, 24 cmH2O) were tested; in the APRV group, the Tlow 
was set to achieve ratios of the end-expiratory flow rate 
to peak expiratory flow rate (EEFR to PEFR) of 10%, 
25%, 50%, and 75% - the smaller this ratio is, the more 
time the lung is exposed to low pressure during the 
release phase[40]. A PEEP of 16 cmH2O in the controlled 
mandatory ventilation group and an EEFR to PEFR ratio 
of 75% in the APRV group both minimized alveolar 
microstrain (i.e., the dynamic change in alveolar size 
during tidal ventilation) in this study. However, alveolar 
recruitment was greater in the APRV group with an EEFR 
to PEFR ratio of 75% (Figure 3)[40]. 

From a purely clinical perspective, APRV has demo-
nstrated tremendous potential in preventing ALI/ARDS as 
well. In particular, Dr. Nader Habashi’s clinical work with 
APRV has demonstrated the benefits of utilizing APRV 
in trauma patients at risk for developing lung injury. In 
a systematic review published in 2013, outcomes for 
patients with early application of APRV at the R Adams 
Cowley Shock Trauma Center in Maryland from 2002 
to 2005 were compared to patient populations at other 
trauma centers to evaluate rates of ARDS development 
and in-hospital mortality[11]. Relevant studies were 
identified through PubMed and MEDLINE searches from 
1995 to 2012 using the keywords trauma and acute 
respiratory distress syndrome or ARDS and trauma 
and acute lung injury or ALI[11]. Sixteen studies met the 
inclusion criteria of being a prospective or retrospective 

observational studies or cohort studies enrolling 100 or 
more adult trauma patients with reported ALI/ARDS 
incidence and in-hospital mortality data[11]. Although 
the patients at the Shock Trauma Center were in the 
upper quartile for their injury severity scores, both the 
incidence of ARDS (1.3%) and the in-hospital mortality 
(3.9%) were the lowest for this group of patients in 
whom early APRV was applied (Figure 4)[11]. Although 
a prospective randomized controlled trial is needed to 
confirm these results, this systematic review provided 
convincing evidence that APRV may be precisely the 
protective mechanical ventilation mode that may be 
applied prophylactically to all patients as soon as they 
are intubated to prevent the progression to lung injury 
or ARDS. In addition, since APRV is a comfortable mode 
of mechanical ventilation with minimal negative side 
effects in patients with normal lungs, it can be applied 
prophylactically to all patients as soon as they are 
intubated (unpublished observations). 

CONCLUSION
ARDS remains a troubling clinical entity with an un-
acceptably high mortality. Treating fulminant ARDS 
has proven futile for decades; there are currently no 
effective pharmacologic or mechanical ventilation 
strategies for curing ARDS, and treatment is relegated to 
aggressive supportive care measures. Thus, the key to 
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Figure 2  Pulmonary, gross and histologic representation between airway pressure release ventilation, LTV and sham animals. Top: Pulmonary data: A: 
P/F Ratio: APRV maintains a normal P/F ratio throughout the 48-h study with no significant difference from uninjured sham animals. Low tidal volume ventilation 
develops ALI (P/F G 300) by 19 h and ARDS (P/F G 250) by 33 h; ventilation strategy does not alter steady progression of increasing hypoxemia (P G 0.001 vs APRV 
and sham); B: Static compliance (Cstat): the APRV shows significant increase in Cstat after transition from volume- cycled mode to APRV (P G 0.001 vs sham and 
LTV ventilation). Sham maintained a normal Cstat level throughout the course of the study. In contrast, the LTV ventilation group developed progressive decreases 
in Cstat to less than 50% of BL; C: Mean airway pressure: sham group maintained normal Pmean throughout 48-h significantly different from both APRV and LTV 
ventilation (P G 0.001). Pmean was significantly higher in APRV than in both sham and LTV ventilation after transition from conventional ventilation at 1 h. Because 
of stepwise increases in PEEP per the ARDSnet protocol, the Pmean was identical from 39 to 48 h for LTV ventilation and APRV; D: Pressure-time profile (P/TP): 
APRV group had significantly higher P/TP than did both other groups as soon as the transition was made from volume-cycled ventilation (P G 0.001 vs sham and LTV 
ventilation). In the LTV ventilation group, P/TP remained low and did not change over the 48-h course of the study. Sham group animals also had low P/TP, which was 
not significantly different from the LTV ventilation group throughout the study; Middle: Gross appearance. Representative specimens of gross lungs and cut surface 
of gross lungs from LTV ventilation (F and H) and APRV (E and G) groups are shown. Bottom I-K: Histological appearance. Photomicrographs of representative lung 
sections of specimens from each treatment group at 40 × magnification are shown. F: Fibrinous deposit in the air compartment; arrow: Blood in alveolus; arrowhead: 
Congested alveolar capillary; bracket: Thickened alveolar wall. A: Sham: Animals received 48 h of mechanical ventilation and no injury. Specimen exhibits stigmata 
of lung injury including fibrinous deposits, blood in alveolus, congested capillaries, and thickened alveolar walls; B: Low tidal volume ventilation: animals received 
aforementioned ischemic injury along with peritoneal sepsis and LTV ventilation after onset of ALI. Specimen exhibits stigmata of lung injury including fibrinous 
deposits, blood in alveolus, congested capillaries, leukocyte infiltration, and thickened alveolar walls; C: Airway pressure release ventilation: animals received APRV 1 
h following aforementioned ischmic injury and peritoneal sepsis. Specimen shows normal pulmonary architecture, alveoli are well expanded and thin walled, and there 
are no exudates. Republished with permission from Ref[39]. APRV: Airway pressure release ventilation; PEEP: Positive end-expiratory pressure; ALI: Acute lung injury.
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APRV group represented the minimum score at 1.3%. Mortality % shows the range and distribution of mortality scores reported by 16 authors; 50% of them reported 
mortality between 18.2% and 9.2%, with the middle score of 13.9% (median). The preemptive APRV group scored the minimum mortality rate of 3.9%. Republished 
with permission from Ref[11]. ARDS: Acute respiratory distress syndrome; APRV: Airway pressure release ventilation; ISS: Individual severity score.
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treating this highly morbid disease lies with preventing 
the disease from ever occurring. Indeed protective 
mechanical ventilation strategies are being employed in 
the operating room and in the intensive care unit before 
the development of lung injury. Moreover, data from 
both our laboratory and the clinical realm indicate that 
appropriately setting APRV generates a protective MBP 
that may be the most viable and accessible method of 
preventing lung injury and the subsequent progression to 
ARDS. 
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Abstract
Obesity is one of the most prevalent health problems 
facing the United States today, with a recent JAMA article 

published in 2014 estimating the prevalence of one third 
of all adults in the United States being obese. Also, due 
to technological advancements, the incidence of spine 
surgeries is growing. Considering these overall increases 
in both obesity and the performance of spinal surgeries, 
it can be inferred that more spinal surgery candidates 
will be obese. Due to this, certain factors must be taken 
into consideration when dealing with spine surgeries in 
the obese. Obesity is closely correlated with additional 
medical comorbidities, including hypertension, coronary 
artery disease, congestive heart failure, and diabetes 
mellitus. The pre-operative evaluation may be more 
difficult, as a more extensive medical evaluation may 
be needed. Also, adequate radiographic images can be 
difficult to obtain due to patient size and equipment 
limitations. Administering anesthesia becomes more 
difficult, as does proper patient positioning. Post-
operatively, the obese patient is at greater risk for 
reintubation, difficulty with pain control, wound infection 
and deep vein thrombosis. However, despite these 
concerns, appropriate clinical outcomes can still be 
achieved in the obese spine surgical candidate. Obesity, 
therefore, is not a contraindication to spine surgery, and 
appropriate patient selection remains the key to obtaining 
favorable clinical outcomes.

Key words: Obesity; Spine sugary; Critical care 
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Core tip: Obesity is one of the most prevalent health 
problems facing the United States today. Due to 
technological advancements, the incidence of spine 
surgeries is also growing. This is particularly true for 
spinal fusion procedures, as rates were noted to triple 
from 1990 to 2000. There are potential increased 
complication risks during and after spine surgery due to 
associated comorbidities. Spine surgery can be performed 
safely in obese patients with appropriate management of 
comorbidities and proper patient selection. 
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INTRODUCTION
Obesity is one of the most prevalent health problems 
facing the United States today. Recent studies indicate 
that 32.2% of adult men and 35.5% of adult women in 
the United States are considered obese[1,2]. The prevalence 
of obesity has also increased, notably among adolescents 
and adult men[3]. Additionally, due to technological 
advancements, the incidence of spine surgeries is also 
growing. This is particularly true for spinal fusion proce
dures, as rates were noted to triple from 1990 to 2000[4]. 
Spinal fusion was the 19th most common inpatient 
procedure performed in 2003, rising from 41st in 1997[5]. 

The purpose of this article is to review the effects that 
obesity has on spinal surgery patients both during and 
after surgery and highlight the factors that must be taken 
into consideration when dealing with these surgeries in the 
obese.

OBESITY AND ASSOCIATED CO-
MORBIDITIES
Most clinicians today define obesity according to a stand
ardized formula known as the body mass index (BMI). 
This formula was created by Belgian statistician Adolphe 
Quetelet in 1832 and had been mostly abandoned[6]. It 
was then thrust to the front of obesity research in 1972 
by Keys et al[7], who evaluated the methods available at 
the time for describing the relative weight of patients or 
populations. He chose the easiest and most reproducible 
method, which he renamed the BMI. This simple formula 
requires no special tools or data, as it is simply the 
patient’s weight (kg) divided by the square of their height 
(m2). From this information there have been guidelines 
set to classify patients as underweight, normal weight, 
overweight, obese, or morbidly obese (Table 1)[8]. 

Obesity has been shown to be closely correlated to 
multiple medical comorbidities such as increased rates of 
diabetes mellitus, hypertension, coronary artery disease, 
obstructive sleep apnea, and overall mortality[3,911]. 

This has specifically been shown in the surgical spine 
patient, as Vaidya et al[12] found averages of 5.1 and 
8.1 comorbidities in obese and morbidly obese patients, 
respectively, that underwent posterior decompression 
and fusion with instrumentation. Thus not only does 
the presence of obesity play a role in the incidence of 
medical comorbidities, but the degree of obesity is also 
important. The increased rates of diabetes in these 
populations must also be carefully considered, as diabetic 
patients have been noted to have an increase in wound 

complications[13,14].

OBESITY AND THE PRE-OPERATIVE 
EVALUATION
The presence of obesity can also affect the diagnostic 
assessment of a patient being evaluated for spine surgery. 
Patients that undergo spinal surgery typically have multiple 
preoperative imaging studies. These usually include 
plain radiographs, computed tomography (CT) scan and 
magnetic resonance imaging (MRI), which offer better 
detail of bone and soft tissue structures, respectively. All 
of these methods contribute to accurate diagnosis and 
appropriate preoperative planning. Obtaining proper 
images, however, may be difficult in the obese patient. 
Plain radiographs are available in most clinics and are 
relatively easy for the patient to obtain. However, the 
presence of obesity may result in higher radiation doses 
and poorer image quality due to decreased tissue penetration. 
Digital imaging and good technicians can help minimize 
these issues. 

Crosssectional imaging modalities have special 
concerns related to patient size and weight. The tables 
required in these machines are finely calibrated and larger 
patients may “tweak” the table, resulting in decreased 
image quality. Additionally, a tube must be entered in order 
to obtain these images. CT scanners have traditionally 
been roomier, with apertures approximately 70 cm in 
diameter. MRI scanners, due to their magnets, are smaller, 
with standard machine diameters averaging around 60 
cm. Obese patients may not fit into these confined spaces 
or may also have issues with claustrophobia. Due to these 
concerns standing, or “open”, MRI has been developed. 
These machine diameters average about 70 cm, but 
also have reduced magnet sizes that may limit image 
quality. There are also some newer, traditional style MRI 
machines with table limits at or above 550 pounds with 
70 cm diameter tubes. Unfortunately, availability of these 
machines may be limited[15].

Obesity and its commonly associated comorbidities 
alter the preoperative medical evaluation necessary 
for surgical clearance. For instance, hypertension is a 
commonly present comorbidity which has been shown to 
lead to left ventricular hypertrophy. This may contribute 
to the development of ischemic cardiomyopathy and 
subsequent ventricular dysfunction. Furthermore, obesity 
increases the risk of arrhythmias likely through fatty and 
ischemic changes of the myocardium. Respiratory function 
may be altered as obese patients exhibit decreased chest 
wall compliance secondary to adiposity of the chest wall 
and abdomen. This results into a higher workload of 
breathing and a decreased functional residual capacity. 
Obese patients also have a high rate of obstructive sleep 
apnea. Other considerations include an increase in 
gastroesophageal reflux disease, fatty changes to the 
liver, endocrine and metabolic disturbances, including 
hypercholesterolemia and diabetes, and potential coagulo
pathies.
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Due to these factors the preoperative evaluation 
require blood work that includes hemoglobin, electrolyte 
panel, liver function test, blood glucose level, and a clotting 
profile. A chest radiograph, pulmonary function tests, 
and electrocardiogram (ECG) are also recommended. If 
abnormalities are noted on the ECG further evaluation is 
likely needed, including an echocardiogram, cardiac stress 
test, and consultation with a cardiologist[16,17].

ANESTHESIA CONSIDERATIONS FOR 
SPINAL SURGERY IN OBESE AND 
MORBIDLY OBESE PATIENTS
Establishing intravenous access may be more difficult in 
an obese individual. Initial difficulties may be encountered 
with the administration of anesthesia. The decreased 
functional residual capacity of obese patients has important 
considerations for anesthesia. Patients with severely 

reduced functional residual capacity can develop premature 
airway closure and ventilationperfusion mismatches, with 
resultant hypoxemia. During induction of anesthesia, these 
results into a shortened duration of nonhypoxic apnea, 
the period of time between paralysis and intubation before 
hypoxia occurs. Furthermore, large tongues and narrow 
airways, commonly seen in patients with obstructive 
sleep apnea, may make securing an airway more difficult, 
and fiberoptic intubation techniques may be necessary. 
Rapid induction of anesthesia is imperative in obese 
patients because of the high risk of aspiration. Esophageal 
reflux is common; 75% of obese patients have a high
volume, lowpH gastric residue that places them at risk 
for pneumonia. In severely obese patients, use of positive 
airway pressure during preoxygenation and induction 

may minimize hypoxia associated with the apneic phase 
of standard intubation. The increased adiposity provides a 
larger distribution area for certain anesthetic agents, which 
may make appropriate dosing more difficult[18]. 

CRITICAL CARE OF OBESE PATIENTS IN 
THE OPERATING ROOM
Due to higher rates of wound sepsis preoperative antibiotics 

is strongly recommended in obese patients. The current 
recommendations for the use of prophylactic antibiotics 
in spine surgery are: Cephalosporin (cefazolin 12 g; 2 g 
for patient weighing > 86 kg) and if Blactam allergy, use 
clindamycin or vancomycin (dosing based on patient weight). 

It is recommended to start up to 60 min before incision, 
completed at the time of incision and redose antimicrobial 
intraoperatively every 4 h for prolonged procedure or 
significant blood loss. When using postoperative doses, 
discontinue within 24 h after wound closure as continuing of 
antibiotic prophylaxis longer than 24 h after wound closure 
has not proved to be beneficial; indeed, it may contribute to 
the development of antimicrobial resistance[19,20].

Patient positioning is more difficult, as many spine 
surgeries are performed prone. The degree of obesity 
plays a role, study showed that morbidly obese patients 
have longer surgical set up times[12]. Placement on the 
appropriate operative table is also crucial. Use of a closed 
frame table, such as a Wilson frame, may contribute to 
an increase in intraabdominal pressures. This may cause 
elevation of the diaphragm, resulting in an increased 
intrathoracic pressure, leading to a decrease in venous 
return[21]. This in turn can cause venous congestion, 
particularly along the epidural veins, and result in an 
increase blood loss. Due to these concerns it is often 
recommended to allow the abdomen to hang free using 
an openframe table. Jackson spinal table (MIZUHO 
OSI, Union City, CA)® commonly used in spine surgery 
has a patient weight capacity of 500 lb (227 kg). A large 
abdominal pannus requires further modifications to allow 
for free passage of intraoperative fluoroscopy machines. 
Bariatric security straps are available that provide a 
comfortable hold of the pannus and accommodates up to 
1000 lb (454 kg) patient (Figure 1)[22,23].

Peripheral nerve palsies have been noted in this 
population most likely secondary to increased pressure 
on contact points and difficulty with positioning[24]. Stretch 
injuries to the brachial plexus may occur with shoulder 
abduction more than 90°. Arm boards should be positioned 
to keep shoulder abduction less than 90° and this should 
be frequently checked by the anesthesia team during 
the surgical procedure. All bony prominence should all be 
carefully padded to avoid any pressure points.

Higher doses of radiation are also needed for adequate 
tissue penetration, thus exposing both the patient and the 
operative personnel to higher levels of radiation[25]. Larger 
patients require longer incisions, more extensive soft tissue 
dissection, and may present certain technical difficulties, 
such as obtaining the appropriate angles for pedicle screw 
placement[26]. Peng et al[27], evaluated different factors in 
obese and nonobese patients undergoing anterior lumbar 
surgery, concluding that obese patients required a longer 
duration of both exposure time and total surgical time. 
They also had longer incision lengths, as well as deeper 
skin to fascia and fascia to spine depths. Estimated blood 
loss, however, was not significantly different[27]. Rosen 
et al[28] noted no difference in the operative outcome 
between obese and nonobese patients that underwent 
minimally invasive spine surgery for lumbar fusion. This 
may be due to the tubular retraction system utilized in 
these procedures, which allows similar sized skin incisions 
in all patients[28]. Reducing operative times in spinal 
surgery is important, as longer times increase infection 
risk and the risk of blindness when the patient is prone, 
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Table 1  Patient weight classification according to body mass 
index

Body mass index (kg/m2) Degree of obesity

Below 18.5 Underweight
18.5-24.9 Normal
25.0-29.9 Overweight
30.0-39.9 Obese
40.0 and above Morbidly obese
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the pharmacokinetics of analgesics differs from that of 
those with ideal body weight diluting concentrations 
and therefore lowering the efficacy. Moreover, a study 
by Miscio et al[36] explored sensitivity to various noxious 
stimuli in obese subjects and compared those results to 
those with normal BMI of similar age. They discovered 
that obese nondiabetic subjects with a had a lower 
sensitivity to vibration, mechanical, and heat signals 
suggesting that obesity may affect the pain pathway and 
further complicate optimizing pain control[36]. Difficulty 
arises in the postoperative pain management due to 
the associated comorbidity of obstructive sleep apnea 
in obese patients and risk of respiratory depression with 
narcotics. 

The development of deep venous thrombosis (DVT) 
is of particular concern in the postoperative period in 
this population, as both obesity and recent surgery are 
independent risk factors for DVT[37,38]. The postoperative 
spine patient, however, requires special consideration, as 
use of chemical prophylaxis in the acute postoperative 
period brings an increased risk of epidural hematoma 
and subsequent neurologic compression and deficits[39]. 
Due to this mechanical prophylaxis, such as compression 
stockings and sequential compression devices, is of 
the utmost importance. This should be started intra
operatively and continued throughout the postoperative 
hospital course. Proper fitting of such devices, however, 
may be difficult with an obese body habitus. Early amb
ulation is also important, with patients beginning to walk 
no later than postoperative day one. 

The most frequently encountered complication in 
the obese spine patient is wound infection[4042]. Other 
complications, however, have been noted more frequently 
in the obese. Patel et al[24] did find a correlation between 
BMI and a higher risk of major complications following 
elective thoracic and lumbar fusion procedures. Patients 
with a BMI of 25 were found to have a complication rate 
of 14%, while ones with a BMI of 30 were at 20%, and a 
BMI of 40 associated with a 36% rate[24]. Shamji et al[26] 
noted an increased transfusion requirement in thoracic 
and lumbar fusion patients, as well as an increase in 
the likelihood of discharge to an assisted living facility. 

as this complication has been observed in long lasting 
surgeries[29,30].

OBESITY AND POST-OPERATIVE CARE 
AND COMPLICATIONS
The postoperative effects of obesity on surgical patients 
have remained controversial. Studies in general surgery 
patients indicated an increase in wound infections with 
open procedures, but no other differences[31]. Obese 
cardiac surgery patients were found to have an increased 
rate of superficial sternal and leg infections, as well as 
atrial dysrhythmias, but not in overall mortality[32]. Total 
hip and knee replacement patients have been found to 
have no difference in complications and postoperative 
course[33].

Postoperative pain and anesthesia will induce res
piratory modifications which include atelectasis to due a 
restrictive syndrome and diaphragm dysfunction. This in 
turn can lead to hypoxemia and decreased pulmonary 
capacity. Jaber et al[34], stressed the importance of post
operative oxygenation using noninvasive ventilation in an 
effort to prevent acute respiratory failure. Several studies 
have shown that there is an increased mortality related 
to the complications of postoperative reintubation. Risk 
factors for such complication include COPD, age older than 
60, ASA class of Ⅱ or greater, and obesity[34]. Therefore, 
post extubation it is of vital importance for adequate 
ventilation in the obese patients for optimizing surgical 
outcomes. A prospective study performed by Jaber et al[35] 
in 2005 showed that the use of noninvasive ventilation in 
patients with acute respiratory failure following extubation 
lowered the incidence of reintubation by 67%. Two 
methods of to avoid development of acute respiratory 
failure using noninvasive ventilation are positive end 
expiratory pressure and pressure support ventilation.

Postoperative pain control in obese patients also has 
its own specific challenges with a goal of decreasing the 
requirement for opioids to improve early rehabilitation 
and reduce the adverse effects of narcotics. With 
increased body fat, total body water, and plasma volume 
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Figure 1  Patient in prone position on the Jackson spinal table. A: A large abdominal pannus will interfere with free passage of intra-operative fluoroscopy; B: 
Bariatric security straps are used to provide a comfortable hold of the pannus to the table. Foam is used to cover the metal edges of the table and protect the skin 
from pressure sores.
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However, no differences were noted in length of stay, 
infection rates, or overall mortality[26]. Other studies have 
noted no difference in complication rates between obese 
and nonobese spine patients[43,44].

CONCLUSION
Obesity does not appear to be a contraindication for spinal 
surgery however it does pose a unique set of challenges 
in the perioperative time frame. It is important for the 
operative surgeon and anesthesia team to be aware of 
any special considerations that must be undertaken in 
preoperative evaluation, intraoperative and postoperative 
management. The potential for increased operative 
times, difficulties with anesthesia, operative positioning, 
higher blood loss, postextubation complications, post
operative pain management, and increase in wound 
complications must be realized. However, it appears that 
with appropriate management of comorbidities and proper 
patient selection that spine surgery can be performed 
safely in obese patients. 
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Abstract 
Influenza pneumonia is associated with high number 
of severe cases requiring hospital and intensive care 
unit (ICU) admissions with high mortality. Systemic 
steroids are proposed as a valid therapeutic option even 
though its effects are still controversial. Heterogeneity 
of published data regarding study design, population 
demographics, severity of illness, dosing, type and 
timing of corticosteroids administered constitute an 
important limitation for drawing robust conclusions. 
However, it is reasonable to admit that, as it was not 
found any advantage of corticosteroid therapy in so diverse 
conditions, such beneficial effects do not exist at all. Its 
administration is likely to increase overall mortality and 
such trend is consistent regardless of the quality as well 
as the sample size of studies. Moreover it was shown 
that corticosteroids might be associated with higher 
incidence of hospital-acquired pneumonia and longer 
duration of mechanical ventilation and ICU stay. Finally, 
it is reasonable to conclude that corticosteroids failed to 
demonstrate any beneficial effects in the treatment of 
patients with severe influenza infection. Thus its current 
use in severe influenza pneumonia should be restricted to 
very selected cases and in the setting of clinical trials.

Key words: Influenza; Mechanical ventilation; Pneumonia; 
Corticosteroids; Respiratory failure
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to the use of corticosteroids in severe influenza infections 
covering the most relevant clinical studies, underlying 
mechanisms (pathophysiologic and pharmacologic 
aspects) and providing a scenario to help clinicians at 
bedside facing this challenging situation.

Nedel WL, Nora DG, Salluh JIF, Lisboa T, Póvoa P. Corticosteroids 
for severe influenza pneumonia: A critical appraisal. World J Crit 
Care Med 2016; 5(1): 89-95  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v5/i1/89.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i1.89

INTRODUCTION
According to the World Health Organization, lower 
respiratory tract infections account for approximately 
7% of deaths per year worldwide and viruses are a 
common cause of community-acquired pneumonia[1]. 
Among this wide group of species, influenza virus are 
of utmost importance and numerous interventions have 
been proposed for its management[2], especially after 
pandemic H1N1 influenza virus outbreak, which was 
associated with high number of severe cases requiring 
hospital and intensive care unit (ICU) admissions and 
resulted in ICU mortality rates ranging from 14% to 
46%[3].

Systemic steroids are proposed as a valid therapeutic 
option due to their potential role in controlling host 
inflammatory response, inhibiting cytokine production 
and restoring the inappropriately low endogenous 
cortisol levels, compensating critical illness-related 
corticosteroid insufficiency[4]. Although widely used in 
H1N1 pandemics, the effect of corticosteroids is still 
controversial. The purpose of this review is to provide 
an overview of published data about steroid use and 
outcomes in severe influenza infection.

Influenza infection
Influenza viruses are enveloped negative-sense RNA 
viruses with segmented genomes that belong to the 
family Orthomyoviridae[5]. There are three antigenically 
distinct subtypes, A, B and C, which circulate among 
humans worldwide[6]. 

Three influenza pandemics occurred in the 20th 
century[5,7]: 1918 (Spanish influenza), 1957 (Asian 
influenza) and 1968 (Hong Kong influenza). Different 
antigenic subtypes of influenza A caused them, each 
resulting in more than a million deaths. In 2009, a 
pandemic H1N1 virus developed by reassortment among 
several influenza A strains. Over 18000 deaths were 
laboratory confirmed cases but experts agree that more 
than 250000 deaths may have resulted from H1N1 
infection[8].

The 2009 H1N1 influenza pandemic originated a 
surge of research investigating the mechanisms of lung 
injury that develop in severe cases of influenza infection, 

complementing the work started six years before, after 
the SARS (Severe Acute Respiratory Syndrome) global 
outbreak.

Seasonal influenza is an acute respiratory disease 
that presents with sudden onset of high fevers, upper 
respiratory tract symptoms, chills, myalgia and gastroi-
ntestinal tract symptoms. Infection rarely induces 
symptoms of lower respiratory tract infections or severe 
lung injury. Pandemic H1N1 infected patients presented 
with fever, cough and sore throat and the most severe 
case rapidly developed bilateral pneumonia, severe ARDS, 
multiple organ failure and death[9,10]. It affected young 
individuals disproportionately and several epidemiological 
studies suggested that pregnant women and obese 
patients were more susceptible to severe infection[5].

Although molecular mechanisms underpinning these 
associations are not completely understood, it is known 
that adipocytes and macrophages from obese patients 
release higher quantities of interleukin (IL)-6 and tumor 
necrosis factor (TNF)-α when compared to non-obese 
patients[11]. Hypercytokinemia and a proinflammatory 
state are related to disease severity in influenza infections. 
Furthermore, the proinflammatory properties of lectin and 
anti-inflammatory properties of adiponectin may increase 
the risk of developing hypoxemic respiratory failure[11]. 
Biomarkers of endothelial injury (surfactant protein D 
and von Willebrand factor) were found to be elevated in 
obese patients with hypoxemic respiratory failure[12]. The 
likelihood of a combined influenza induced epithelial and 
endothelial injury is corroborated by pathology reports of 
pandemic H1N1 patients’ lung specimens which showed 
extensive diffuse alveolar damage, variable degrees of 
pulmonary hemorrhage (with evidence of perivasculitis 
and microthrombi) and necrotizing bronchiolitis[13]. 
Persistence of viral shedding has recently been associated 
with poorer outcome and longer hospital stay both as a 
predisposing factor and as a complication of influenza 
infection[14].

Corticosteroid pharmacology
Corticosteroids are cyclic organic compounds physiologically 
secreted by zona fasciculata cells of the adrenal cortex. 
Under physiological circumstances, its synthesis and 
secretion are tightly regulated by the central nervous 
system, through the pituitary release of corticotropin 
(ACTH), which is very sensitive to negative feedback 
by the circulating cortisol and exogenous (synthetic) 
glucocorticoids[15]. Cortisol, the main human corti-
costeroid, has a half-life of 60 to 90 min which can be 
significantly increased with large steroid loads. The 
volume of distribution (Vd) also increases with higher 
steroid doses and both parameters are agent-specific[16]. 
Corticosteroids are metabolized through complexly 
regulated enzymatic transformations in the liver [through 
A-ring reductases (5β-reductase and 5α-reductase)] and 
kidney [through 11-β hydroxysteroid dehydrogenase 
type 2 (11β-HSD2)][17,18] that diminish their physiologic 
activity and increase water solubility to enhance their 
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urinary excretion[15]. Most of the known effects of the 
corticosteroids are mediated by nuclear receptors. 

Corticosteroids in critical illness
Interest in the role of corticosteroids in the pathophysiology 
of critical illness has existed since the early decades of 
the 20th century[19] Every acute physical stress or noxious 
stimuli results in a coordinated systemic response classically 
referred to as stress response or general adaption 
syndrome. Among the physiological responses to stress, 
hypercortisolemia is proportionate to the severity of 
illness[20]. Such response has traditionally been attributed 
to activation of the hypothalamic-pituitary-adrenal (HPA) 
axis[21] with increased secretion from the paraventricular 
nucleus of the hypothalamus of corticotropin-releasing 
hormone which stimulates the production of ACTH by 
the anterior pituitary gland, causing a sustained increase 
in cortisol secretion. This increased corticotropin-driven 
cortisol production originates multiple effects (metabolic, 
cardiovascular and immune) aimed at restoring 
homeostasis during stress[17]. 

Since the late 90’s a paradoxical dissociation between 
cortisol and corticotropin (slightly elevated or even normal 
to low levels of corticotropin with permanently high cortisol 
levels) has been observed during critical illness[22,23]. As a 
consequence, explanations for hypercortisolemia other than 
increased cortisol production due to HPA axis activation 
have been pursued. Proinflammatory cytokines (TNF-α 
and IL-6), neuropeptides and cathecolamines correlate 
positively with cortisol production and are independent 
of HPA axis[24]. The possibility of an increased sensitivity 
to corticotropin was formulated but considered unlikely 
because cortisol plasmatic levels were not consistently 
elevated after exogenous corticotropin stimulation[17,25]. 
The reduction of cortisol metabolism during critical illness 
emerged as an alternative or additional mechanism with 
recent data showing suppression of activity of cortisol 
metabolizing enzymes in critical care patients. Boonen 
et al[18] found evidence of impaired 11β-HSD2 function 
and reduction of A-ring reductases activity that may be 
mediated by bile acids, known competitive inhibitors 
and transcriptional suppressors of cortisol-metabolizing 
enzymes. 

The possibility that reduced cortisol breakdown is 
a main contributor to hypercortisolemia during critical 
illness may changes our conceptual understanding of 
the stress response. It could mean that low cortisol 
metabolism with hypercortisolemia would have induced 
a negative feedback on the HPA-axis resulting in lower 
corticotropin levels and adrenocortical atrophy. Such 
effect implies the downregulation or functional inactivation 
of corticotropin receptors on adrenocortical cells, which 
would explain the low cortisol response to corticotropin 
stimulation. Moreover, reduced cortisol inactivation may 
also potentiate cortisol activity within the vital tissues 
that express inactivating enzymes[18], what suggests that 
corticosteroids stress doses in critically ill patients are 
at least three times too high. These facts imply that the 

concept of critical illness associated adrenal failure may 
not be real and question the pathophysiological principles 
of corticosteroids stress doses in acute injuries.

Observational studies
According to observational data, approximately one third 
of 2009 H1N1 pandemia cases reported were treated 
with corticosteroids[26] both as a primary therapy or as 
a rescue therapy for patients with severe ARDS[27,28]. 
Despite this, a standard steroid and dose regimen are 
not well established and its efficacy and safety are not 
entirely clear.

In general, therapy with steroids in severe infections 
has shown to be beneficial in a pair of clinical situations: 
bacterial meningitis in immunocompetent hosts[29] and 
Pneumocystis jiroveci pneumonia in HIV patients[30]. 
In other conditions, like severe CAP and ARDS (due 
to pneumonia or not), no positive impact on mortality 
has been shown, still being an unresolved matter that 
deserves further investigation[4].

A common pulmonary presentation of patients affected 
by pandemic (H1N1) influenza A infection is rapidly 
progressive pneumonia with bilateral alveolar infiltrates 
on chest radiography and ARDS, that might be linked to 
an abnormal immune response[31]. The role of steroids 
as adjunctive therapy in influenza is very attractive 
theoretical approach to try to modulate hypercytokinemia 
associated with the most severe presentation[4]. However, 
a balance must occur between this phenomenon and the 
possibility of prolonged viral replication, resulting in more 
direct cytopathic effect on the infected lungs[32].

The main observational studies on corticosteroid 
treatment in influenza infected patients are listed in Table 
1. All but one[33] evaluate steroids use in H1N1 infections. 
Xi et al[34] retrospectively evaluated data from 155 
adults with confirmed H1N1 infection in China, one-third 
(33.5%) were treated with steroids. In a multivariate 
analysis, the use of steroids was associated with a trend 
towards increased hospital mortality (OR = 3.6; 95%CI: 
0.98-13.6; P = 0.052). Nevertheless, patients using 
steroids were often more severely ill.

Martin-Loeches et al[31], in an international registry of 
the European Society of Intensive Care Medicine included 
220 patients with suspected or confirmed H1N1, 77.7% 
on mechanical ventilation and 57.3% with steroid use at 
ICU admission. A higher incidence of hospital-acquired 
pneumonia was noted in patients receiving early steroid 
therapy. These patients also had a higher ICU mortality, 
but after adjusting for disease severity and other 
confounding variables, this effect was no longer present. 

Kim et al[35] in a retrospective analysis of the data 
from 28 hospitals in South Korea identified 245 critically 
ill patients with H1N1 infection, 136 of them met criteria 
for ARDS. The crude 90-d mortality for the 107 (43.6%) 
patients who received steroids was higher than in the 
patients who did not received steroids, which was 
confirmed by propensity adjusted analysis. Patients on 
steroids also had longer duration of mechanical ventilation 
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Table 1  Main observational studies evaluating steroid use in influenza infection

Ref. Study design Population Steroid regimen Outcomes

Bourdreault et 
al[33]

Retrospective cohort 143 hematopoietic cell transplant 
patients with seasonal influenza

Prednisone < 1 mg/kg per day 
(low dose) or prednisone > 1 
mg/kg per day (high dose)

Steroid use not associated with lower 
respiratory disease, hypoxemia, need for MV 

or death
Brun-Buisson 
et al[36]

Retrospective cohort 208 patients with ARDS due to 
H1N1 pneumonia, 83 receiving 

steroids

Hydrocortisone 270 mg/d 
(median) for 11 d (median)

Steroid was associated with mortality in 
crude analysis (33% vs 18%, HR = 2.4; 95%CI: 
1.3-4.3; P = 0.004) and after propensity score-
adjusted analysis (HR = 2.82; 95%CI: 1.5-5.4; 

P = 0.002)
Early therapy (≤ 3 d of MV) associated with 

increased mortality
Steroid associated with bacterial pneumonia 

and prolonged MV
Confalonieri 
et al[44]

Case report One patient with ARDS due to 
H1N1 infection, not responding to 

antiviral therapy

Methylprednisolone 1 mg/kg 
per day

Clinical improvement

Cornejo et al[40] Case report Two patients with H1N1 that 
developed organizing pneumonia

Methylprednisolone 500 mg/d 
for 3 d

Clinical improvement

Diaz et al[37] Multicenter, 
prospective cohort

372 patients with primary H1H1 
pandemic pneumonia, 136 

receiving steroids

Not reported Corticosteroid therapy was not significantly 
associated with mortality (HR = 1.06; 95%CI: 

0.626-1.801; P = 0.825) after a regression 
analysis adjusted for severity and potential 

confounding factors
Han et al[45] Multicenter, 

retrospective cohort 
83 patients with H1N1 pneumonia 
with hospitalar admission, 17 with 

early glucocorticoid treatment

Median dose of 
methylprednisolone 

equivalent of 50 mg/d (use for 
fever reduction) to 61 mg/d 

(use for pneumonia)

Early steroid treatment (< 72 h) was 
associated with development of critical 

disease compared with who received late (> 
72 h) or no steroid treatment: 71% vs 39% (HR 

= 1.8; 95%CI: 1.2-2.8), after adjustment for 
confounding variables

Kim et al[35] Multicenter, 
retrospective cohort 

and case-control 
study

245 patients with H1N1 infection, 
107 with steroid treatment

Median dose of prednisolone 
equivalent of 75 mg/d

90-d mortality rate higher in steroids group 
(OR = 2.2; 95%CI: 1.03-4.71), after propensity 

score

Higher mortality both in cohort (58% vs 27%; 
P < 0.001) and case-control study (54% vs 

31%; P = 0.004)
Steroid group more likely to have secondary 

bacterial pneumonia, invasive fungal 
infection and prolonged intensive care unit 

stay
Luyt et al[46] Multicenter, 

prospective cohort 
study

37 survivors of ARDS due to H1N1 
infection, 20 with steroid treatment

Not reported No relationship between steroid use and 
muscle weakness at 1-yr post-ICU discharge

Martin-
Loeches et al[31]

Multicenter, 
prospective cohort 

study

220 patients with H1N1 infection, 
126 with steroid treatment at ICU 

admission

Minimal equivalent dose of 24 
mg/d (methylprednisolone) 

or 30 mg/d (prednisone)

Early use of steroids was not significantly 
associated with mortality by Cox regression 

analysis adjusted for severity and 
confounding factors: HR = 1.3; 95%CI: 0.7-2.4; 

P = 0.4 
Early steroid use associated with an 

increased rate of HAP (OR = 2.2; 95%CI: 
1.0-4.8; P < 0.05) by Cox regression analysis
Similar results observed when only patiens 

with ARDS were analyzed
Patients who received early steroid therapy 
were sicker than who did not receive them 
according to SAPS 3 (55.9 ± 16.8 vs 49.0 ± 

14.5; P = 0.001)
Quispe-Laime 
et al[47]

Case series 13 patients with suspected H1N1 
pneumonia and ALI-ARDS 

diagnosis

Methylprednisolone 1 mg/kg 
per day (severe ARDS) or 
hydrocortisone 300 mg/d. 

Duration of 21.2 ± 6.1 d

Twelve patients improved lung function, 
were extubated and discharged alive from 

the ICU

By day 7 of treatment patients experienced a 
significant improvement in lung injury and 

multiple organ dysfunction scores (P < 0.001)

ALI: Acute lung injury; ARDS: Acute distress respiratory syndrome; HAP: Hospital-acquired pneumonia; HR: Hazard ratio; ICU: Intensive care unit; MV: 
Mechanical ventilation; OR: Odds ratio; SAPS: Simplified acute physiology score.
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and ICU stay, and more bacterial pneumonia or invasive 
fungal infections.

Brun-Buisson et al[36] evaluated 208 patients with 
severe H1N1 infections and ARDS in a multicenter 
study in France. Steroids were administered to 39.9% 
and, after use of several analytical techniques to adjust 
for differences in steroid-treated vs non-steroid-treated 
patients to compare clinical outcomes, the association 
between steroid therapy and death remained significant, 
a fact that was more pronounced in patients receiving 
early steroid therapy.

Diaz et al[37], in a multicenter cohort composed by 
372-patients with primary viral pneumonia due to H1N1, 
with 136 patients (36.6%) received corticosteroids, did 
not found any association between steroid therapy and 
mortality. 

A systematic review and meta-analysis[3] composed 
by nine cohort studies (n = 1405) and 14 case-control 
studies (n = 4700) showed an increased mortality with 
corticosteroid treatment in influenza H1N1 infection 
(cohort studies RR = 1.85; 95%CI: 1.46-2.33; P < 0.00001; 
case-control studies OR = 4.22; 95%CI: 3.10-5.76; P < 
0.00001). Subgroup and sensitive analysis were consistent 
with each other, suggesting that steroid treatment 
is associated with higher mortality. Nonetheless, 
corticosteroid tends to be used in the sickest case-
patients.

None of these studies provided data on mechanical 
ventilation parameters. Lung protective ventilation is the 
standard of care for ARDS patients[38], and lack of data 
regarding this issue implies a dose of uncertainty about 
a major factor in determining which determines clinical 
outcomes[39]. The timing and dose of corticosteroid 
therapy were also not controlled in the study, and 
no specific drug regimen has been suggested in this 
context. Actually, several administration regimens, 
dosage and therapy duration are described in different 
studies, resulting in high heterogeneous strategies, 
adding complexity to systematic analysis. Observational 
- in particular retrospective - studies are potentially 
susceptible to bias, due to a lack of control of confounder 
variables, heterogeneity due to clinical diversity, and 
the fact that severe patients are more likely to receive 
corticosteroids than mild cases. Currently a conclusive 
trial on corticosteroids in severe H1N1 infection would be 
difficult or even not possible to perform. As a result it is 
reasonable to conclude from the available evidence that 
corticosteroids failed to demonstrate any clinical impact 
in severe influenza infection and, in addition, the data 
points to potential harm.

Case reports suggested beneficial use in specific 
contexts, such as organizing pneumonia[40], post-viral 
inflammatory pneumonitis[41] and H1N1 pneumonia in a 
pregnant woman[42].

Interventional studies
There is only one clinical trial addressing corticosteroid 
use in H1N1 influenza virus treatment. Wang et al[43] 
enrolled 38 patients with H1N1 pneumonia undergoing 

mechanical ventilation to be randomized to receive 
adjuvant treatment of corticosteroid either with sirolimus 
or without sirolimus for 14 d. In the sirolimus group, 
there was a shorter time spent on mechanical ventilation 
(7 d vs 15 d; P = 0.03), greater PaO2-FiO2 values on 
days 3 and 7 compared to the non-sirolimus group and 
improved SOFA score on day 3 and day 7. Sirolimus, 
as a mTOR inhibitor, could potentiate corticosteroid 
effect by limiting inflammatory cytokine production. 
The corticosteroid effect per se was not addressed in 
this small open-label randomized controlled trial as 
every patient enrolled received corticosteroids. As a 
consequence, no harmful or beneficial effect of steroids 
in H1N1 pneumonia can be inferred.

Critical analysis
Heterogeneity of published data regarding study design, 
population demographics, severity of illness, dosing, type 
and timing of corticosteroids administered constitute 
an important limitation for drawing robust conclusions. 
However, it is reasonable to admit that, as it was 
not found any advantage of corticosteroid therapy in 
so diverse conditions, such beneficial effects do not 
exist at all. Recent insights on a decrease in cortisol 
breakdown during critical illness questions the classic 
concept of adrenal failure with low cortisol production 
and constitutes a molecular argument against the use 
of corticosteroids as standard of care for patients with 
critical illness: The increased cortisol circulating levels and 
tissue activity make an additional synthetic corticosteroid 
dose either redundant or excessive and not devoid of 
deleterious effects.

Finally, it is reasonable to conclude that corticosteroids 
failed to demonstrate any beneficial effects in the 
treatment of patients with severe influenza infection. Its 
administration is likely to increase overall mortality and 
such trend is consistent regardless of the quality as well 
as the sample size of studies. Moreover it was shown that 
corticosteroids might be associated with higher incidence 
of hospital-acquired pneumonia and longer duration of 
mechanical ventilation and ICU stay. Thus its current use 
in Severe Influenza pneumonia should be restricted to 
selected cases and in the setting of clinical trials.
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Abstract
This review summarizes the epidemiology, pathophy-
siological consequences and impact on outcome of mild to 
moderate (Grade Ⅰ to Ⅱ) intra-abdominal hypertension 
(IAH), points out possible pitfalls in available treatment 
recommendations and focuses on tasks for future research 
in the field. IAH occurs in about 40% of ICU patients. 
Whereas the prevalence of abdominal compartment 
syndrome seems to be decreasing, the prevalence of IAH 
does not. More than half of IAH patients present with IAH 
grade Ⅰ and approximately a quarter with IAH grade Ⅱ. 
However, most of the studies have addressed IAH as a 
yes-or-no variable, with little or no attention to different 
severity grades. Even mild IAH can have a negative 
impact on tissue perfusion and microcirculation and be 
associated with an increased length of stay and duration of 
mechanical ventilation. However, the impact of IAH and its 
different grades on mortality is controversial. The influence 
of intra-abdominal pressure (IAP) on outcome most likely 
depends on patient and disease characteristics and the 
concomitant macro- and microcirculation. Therefore, 
management might differ significantly. Today, clear triggers 
for interventions in different patient groups with mild to 
moderate IAH are not defined. Further studies are needed 
to clarify the clinical importance of mild to moderate IAH 
identifying clear triggers for interventions to lower the IAP.

Key words: Intra-abdominal pressure; Intra-abdominal 
hypertension; Pathophysiology; Epidemiology; Severity; 
Treatment
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pathophysiological consequences and impact on outcome 
of mild to moderate intra-abdominal hypertension (IAH) 
and focuses on tasks for future research in the field. More 
than half of IAH patients present with IAH Grade Ⅰ  and 
approximately a quarter with IAH grade Ⅱ. Even mild 
IAH can have a negative impact on tissue perfusion and 
be associated with impaired clinical outcomes. However, 
the impact of IAH and its different grades on mortality is 
controversial. Clear triggers for interventions in different 
patient groups with mild to moderate IAH are not defined.

Maddison L, Starkopf J, Reintam Blaser A. Mild to moderate 
intra-abdominal hypertension: Does it matter? World J Crit Care 
Med 2016; 5(1): 96-102  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v5/i1/96.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i1.96

INTRODUCTION
Intra-abdominal hypertension (IAH) occurs in 20%-40% 
of intensive care patients and has a significant impact on 
outcome[1-3]. IAH is defined as intra-abdominal pressure 
(IAP) of 12 mmHg or above, whereas normal IAP is in 
the range of 0 to 11 mmHg[4]. The cut-off point of 12 
mmHg for IAH was initially selected empirically[5,6], but is 
now supported by several epidemiological studies[1,5,7-11]. 
Based on severity, IAH is graded into four levels. 
Grade Ⅰ refers to IAP from 12 to 15 mmHg, grade Ⅱ 16 
to 20 mmHg, grade Ⅲ 21 to 25 mmHg, and grade Ⅳ 
above 25 mmHg, respectively. The most severe form is 
abdominal compartment syndrome (ACS), defined as 
sustained IAP ≥ 20 mmHg (with or without an abdominal 
perfusion pressure (APP) of ≤ 60 mmHg) in association 
with the new onset or worsening of existing organ failure[4]. 
This is a life-threatening syndrome[6], which, however, 
seldom occurs in clinical practice[2,3,12]. In these cases, the 
deterioration of cardiac, respiratory and renal performance 
is usually clearly evident and determines the immediate 
need for life-saving treatment. The management of IAP 
below 20 mmHg is much more controversial[2,13] as there 
is no clear trigger for when and to what extent to initiate 
the treatment of IAH.

This review was undertaken to differentiate IAH 
grade Ⅰ and Ⅱ from higher grades of IAH regarding the 
pathophysiological changes and impact on outcome, and 
to discuss possible differences in management based on 
the severity of IAH. 

EPIDEMIOLOGY AND OUTCOME OF IAH 
AND ITS DIFFERENT SEVERITY GRADES
There are several recent studies describing the epide-
miology of IAH and investigating its impact on out-
come[10,14,15]. 

Kim et al[15] included 100 consecutive patients in 
a prospective observational single-center study on a 
mixed intensive care unit (ICU) population. The overall 

incidence of IAH was 42%, while IAH grade Ⅰ occurred 
in 23%, grade Ⅱ in 14%, grade Ⅲ in 3% and grade Ⅳ 
in 2% of IAH patients (Figure 1). Patients with IAH had 
higher APACHE Ⅱ and Ⅲ scores, body mass index (BMI) 
and more sepsis on admission. However, there was no 
difference in the length of ICU stay or hospital mortality 
in patients with IAH (irrespective of the grade) vs patients 
without IAH.

Iyer et al[14] included 403 consecutive patients to 
investigate the incidence of IAH/ACS and to develop 
a screening tool for the early identification of patients 
requiring IAP monitoring. The incidence of IAH was 39% 
and of ACS, 2%. IAH grade Ⅰ occurred in 27%, grade Ⅱ 
in 9%, grade Ⅲ in 2% and grade Ⅳ in 1% (Figure 1). 
Regarding outcomes, patients with IAH had significantly 
longer duration of mechanical ventilation and, length 
of stay in the ICU and in the hospital. No difference in 
mortality was detected between the patients with or 
without IAH; however, patients with IAH of higher grades 
(Ⅱ-Ⅳ) had higher ICU mortality (13% vs 3.4%, P = 
0.003)[14]. 

A recent systematic review and individual patient data 
meta-analysis reported distribution of IAP values among 
1669 critically ill patients upon admission to ICU[10]. The 
mean IAP was 9.9 mmHg; whereas 27.7% of patients 
had IAH and 2.7% ACS on admission. Although the 
exact data on different IAH grades were not given, the 
IAP distribution histogram supports the studies discussed 
above (Kim et al[15] and Iyer et al[14]). Concerning the 
outcomes, the ICU length of stay, the ICU and the 
hospital mortality were significantly increased in the IAH 
group. 

It is somewhat surprising that outcomes differ significantly 
when the data from Reintam et al[2], Malbrain et al[10] and 
Blaser et al[16] and our own earlier studies are compared 
to the results of Kim et al[15] or Iyer et al[14]. One possible 
explanation might be that the meta-analysis is based on 
studies published predominantly between 1995 and 2008. 
Almost two decades of research has very likely improved 
our understanding and management of IAH/ACS[12,17], and 
this may explain the decrease in morbidity and mortality. 
Moreover, most of the earlier studies (including the ones 
in the meta-analysis by Malbrain et al[10]) enrolled only 
selected patients (e.g., patients with pancreatitis, trauma, 
mechanically ventilated or presenting other risk factors 
for IAH). Therefore, the patient groups are not entirely 
comparable. Furthermore, assigning patients with IAP of 
12 to 15 mmHg to the same group as ACS most likely 
confuses the results in all the above-mentioned studies. 
As the incidence of ACS is decreasing and the outcome 
simultaneously improving[12,16,17], its impact to the overall 
group of IAH patients is diminishing.

Considering these factors, the clinical importance of 
IAH is much dependent on the severity (grade) of IAH, 
but these associations have been poorly studied.

EFFECT OF MODERATE IAH IN 
DIFFERENT PATIENT GROUPS
Next to the severity of IAH, the nature and course of 
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underlying pathology needs to be taken into account. 
Higher grades of IAH may be less deleterious if the 
disease is cured (e.g., after abdominal surgery), whereas 
moderate IAH may have additional aggravating effect on 
the patients with uncontrolled primary pathology (e.g., 
shock with continuing need for fluid resuscitation).

In patients with pancreatitis or intra-abdominal in-
fections already the mild IAH deserves close attention as 
a sign of increased oedema formation. In these patients 
development of IAH/ACS is primarily caused by the 
inflammatory process inside the abdominal cavity and may 
be further exacerbated by aggressive fluid therapy[18,19].

Intraperitoneal bleeding should be recognized promptly 
and therefore in trauma patients any increase of IAP, even 
at the low grades, deserves particular attention.

During pregnancy IAP increases physiologically, but 
the effect of the IAH has been poorly studied in this 
specific patient group. Recently, it has been postulated 
that the inability to adapt to the increasing intra-
abdominal volume, reflected as sustained increase of IAP 
above 12 mmHg may be involved in the etiopathogenesis 
of pre-eclampsia[20].

Children, not specifically addressed in this review, 
require different approach. Organ dysfunction in paediatric 
patients has been reported to occur at the IAP 10 to 15 
mmHg, and the ACS may develop already at the IAP of 16 
mmHg[19,21,22].

In contrary, after elective abdominal hernia repair 
transient increase of IAP up to 18 mmHg may be well 
tolerated[23].

EFFECT OF IAH ON SPLANCHNIC BLOOD 
FLOW, MICROCIRCULATION AND 
METABOLISM
An experimental study on pigs demonstrated that a 
pneumoperitoneum-caused IAP of 12 mmHg combined 
with positive end-expiratory pressure of 10 cmH2O 
decreases blood flow in the hepatic and mesenteric 

arteries and portal vein, impairs the hepatic and intestinal 
mucosal microcirculation, attenuates the hepatic pO2 
and intestinal mucosal pH, this all indicating to seriously 
disturbed splanchnic blood flow[24]. Olofsson et al[25] 
showed in pigs that increased IAP correlates with 
decreased gastrointestinal microcirculation measured 
by laser Doppler flowmetry, whereas microcirculation 
in mucosal layer was significantly less affected than in 
serosa. Cheng et al[26] demonstrated that, in rabbits, 
microvascular blood flow is decreased by 40% during 
IAP 15 mmHg for 2 h, and by 81% when the IAP was 
25 mmHg for 6 h, while markers of intestinal injury 
increased significantly, in proportion to IAP and exposure 
time. After prolonged exposure to increased IAP, erosions 
and necrosis of the jejunal villi, mitochondrial swelling 
and discontinuity of intracellular tight junctions were 
microscopically observed[26]. These findings are clearly 
contrasted by recent study on mechanically ventilated 
sheep without sepsis, which demonstrated decreased 
renal blood flow and diuresis but preserved blood flow 
in superior mesenteric artery at IAP of 20 mmHg and no 
changes in microcirculatory variables. However, sheep 
with IAH received large amounts of fluids compared to 
sham and still developed relevant lactic acidosis. As shown 
by Dubin et al[27] in septic sheep, resuscitation was able to 
normalize mean arterial blood pressure, cardiac output, 
superior mesenteric artery blood flow and sublingual and 
serosal intestinal microvascular flow indexes, but not 
to restore percentage of perfused ileal villi, which could 
explain elevation of lactate. These different findings may 
be explained by several aspects: the level, mechanism 
and duration of the elevated IAP, presence or absence of 
sepsis, resuscitation strategy as well as the methodology 
of assessment of microcirculation all may play an 
important role.

In humans, the effect of IAP on gut perfusion is not 
well studied, but significant reduction of splanchnic blood 
flow has been demonstrated after the IAP increases 
from 7 to 14 mmHg[28]. As the splanchnic area is difficult 
to access in clinical setting, the monitoring of sublingual 
microcirculation might be considered for indirect evalu-
ation of splanchnic microcirculation[29], although it is 
not clear whether this is well applicable in case of IAH 
where splanchnic bed is directly affected through the 
extravascular pressure.

So far, the associations between IAP and sublingual 
microcirculation have been evaluated in two studies[30,31]. 
No significant alterations in sublingual microcirculation 
were demonstrated at IAH grades Ⅰ and Ⅱ, neither in 
elective surgery nor in critically ill patients. In elective 
laparoscopic surgery the microcirculatory perfusion 
indices were relatively low at the baseline and did not 
improve during the study period[30].

In heterogeneous group of critically ill patients, the 
moderate but prolonged increase of IAP (median 14.5 
mmHg) for up to 24 h exhibits a negligible influence on 
the sublingual microcirculation[31]. Ten out of 15 of these 
patients were in circulatory shock, and it is somewhat 
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Figure 1  Prevalence of different grades of intra-abdominal hypertension 
in clinical studies performed in consecutive intensive care unit patients. 
IAH: Intra-abdominal hypertension.
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approaches. However, the severity of IAH (grade of IAH) 
should also guide the selection of the best management 
option in these different situations. It is not clear whether 
in some cases lower grade IAH could merely be observed, 
whereas in others it should be aggressively treated with, 
e.g., sedatives and muscle relaxants. Current IAH/ACS 
guidelines suggest stepwise IAH treatment: From medical 
and minimally invasive techniques to aggressive surgical 
decompression[4]. A stepwise approach in general is 
definitely wise. However, different grades of IAH and 
different patient groups are not considered. As most 
of the options for IAP reduction are not without risks 
(e.g., drainages) and side effects (e.g., sedation, muscle 
relaxation), it is important not to apply these strategies 
without clear indication. It is possible that not treating 
moderate IAH could impair the outcome in one patient, 
whereas aggressive treatment (e.g., muscle relaxation) 
could be harmful in the other. 

Future studies should form the basis for more detailed 
recommendations, whereas currently these decisions 
should be made during careful bedside evaluation, and 
require deep knowledge and experience.

FUTURE STUDIES
Based on existing evidence, it is likely that lower grades 
of IAH are relevant in terms of both pathophysiology and 
clinical consequences. However, the relationships are 
most likely complex, and the influence of IAP depends 
on patient characteristics (e.g., obese vs non-obese; 
ventilated vs spontaneously breathing, critically ill vs 
ward patients), concomitant macro- (dependent on 
MAP) and microcirculation and disease characteristics 
(e.g., pancreatitis vs pneumonia). As IAH has been often 
assessed as a yes-or-no variable, these issues are not 
yet clarified. Accordingly, there are several issues that 
should be studied more closely in future studies.

IMPORTANCE OF IAH GRADES IN 
DIFFERENT PATIENT GROUPS
Normal IAP in critically ill patients is thought to be 
between 5-7 mmHg[4], but there is not enough data 
to identify normal values in spontaneously breathing 
patients. Moreover, “normal” or expected IAP levels in 
patients with abdominal pathology, e.g., after elective 
major abdominal surgery, are unknown.

Signs of organ dysfunction, duration of mechanical 
ventilation, ICU length of stay and ICU mortality seem 
to increase in patients with elevated IAH, whereas in 
most cases, IAP ranges between 12-16 mmHg. Dalfino 
et al[11] showed that elevated IAP and low APP are 
associated with the development of acute renal failure 
(ARF) in critically ill patients after shock and identified 
a cut-off IAP of 12 mmHg for increasing the risk of ARF. 
A cut-off value of 12 mmHg for IAH is also supported 
by several other studies[1,5,7-10]. However, it is not 
clear whether the current IAH grading system can be 

surprising that no significant alterations in the sublingual 
microcirculation were detected[31]. Observed positive 
correlations between microvascular flow index, MAP and 
APP, however, may support the importance of APP in 
clinical management of this situation[31].

Relevant alterations in microcirculation should result in 
the increased anaerobic metabolism and this hypothesis 
has led to studies investigating influence of IAP on 
tissue metabolism[30-35]. The findings suggest that the 
deterioration of tissue metabolism in the abdominal area 
may occur well before IAH-related organ dysfunction 
become evident[30-35]. 

In animal experiments, tissue microdialysis has 
been increasingly used to evaluate metabolic status in 
different vascular beds and in different conditions. By 
this method, Meier et al[35] were able to demonstrate the 
accumulation of metabolites of anaerobic glycolysis in the 
rectus abdominis muscle (RAM) of rats subjected to IAH. 
The RAM is surrounded by a tight sheet of fascia, which 
makes the muscle-fascia compartment relatively non-
compliant. The pressure in the intra-abdominal cavity 
directly influences the muscle tissue and its perfusion. 
This muscle is easily accessible and makes the RAM 
microdialysis minimally invasive; therefore the RAM 
serves as a good model of intra-abdominal organ[32].

We performed RAM microdialysis in elective laparo-
scopic surgery (median IAP 12.5 mmHg) and in critically 
ill patients (median IAP 14.5 mmHg)[32,33]. In both groups 
the RAM tissue metabolism was seriously disturbed 
when compared to the baseline before surgery or to 
the references from other studies[36]. Elevated lactate, 
lactate-to-pyruvate ratio, and glutamate levels indicated 
anaerobic metabolism during moderately raised IAP. The 
correlation analysis revealed a negative correlation of APP, 
pyruvate and glycerol, supporting the relevance of APP as 
a resuscitation end-point when setting the targets for MAP 
and vasopressor therapy[33]. 

Considering these factors, some experimental studies 
indicate that increased IAP results in impaired splanchnic 
microcirculation and metabolism. Limited data suggests 
that similar changes may occur also in humans although 
direct assessment of the splanchnic area would be 
desirable to confirm these findings. Setting the APP or 
any other macrocirculatory variable as a resuscitation 
endpoint in patients with IAH remains controversial. 

PITFALLS IN MANAGEMENT 
RECOMMENDATIONS
The Abdominal Compartment Society management 
algorithm suggests initiating medical treatment at IAP 
of 12 mmHg or higher and tailoring treatment to keep 
IAP below 15 mmHg[4]. Several mechanisms may lead 
to IAH: increased baseline IAP (e.g., obesity), increased 
intra-abdominal volume (e.g., ascites or oedema), 
and decreased abdominal wall compliance (e.g., tight 
abdominal closure after hernia repair)[6,37]. It is clear that 
these different mechanisms require different therapeutic 
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translated to gradually increasing mortality or worsening 
organ function.

Spontaneously breathing patients
None of the studies has specifically addressed IAH in 
spontaneously breathing patients. Therefore, it is not 
known, whether 12 mmHg is also applicable to this 
subset of patients. Moreover, the likelihood of more 
unstable measurement conditions in spontaneously 
breathing patients may lead to wide variations, and 
muscle tonus may play an important role.

Patients with chronically elevated IAP
Obesity and pregnancy are chronic states of low-graded 
IAH to which the patient has adapted[6,38]. Both conditions 
develop relatively slowly, and the human organism 
adapts to these (patho) physiological changes, but there 
is still an issue if such patients need to be admitted to an 
ICU. IAP levels that trigger specific treatment should be 
most likely higher, but how much so, remains unclear.

Patients after abdominal surgery
Post-operative complications after abdominal surgery 
are frequent and are associated with increased morbidity 
and mortality[39-42]. Intra-abdominal hypertension and its 
pathophysiological consequences may contribute to the 
development of postoperative complications[43,44], but no 
specific data are available thus far. Therefore, a cut-off 
that triggers interventions directed to lower IAP and/or to 
increase APP in such patients is warranted.

CONCOMITANT CHANGES IN MACRO- 
AND MICROCIRCULATION DURING IAH
Ideally, the management of hemodynamics should ensure 
normal microcirculation and organ function in different 
vascular beds. We currently lack reliable tool(s) to assess 
microcirculation at the bedside, and the clinical signs 
(diuresis, mottled skin) and macrohemodynamic variables 
(MAP, cardiac output) rather than microcirculatory changes 
direct the patient management in clinical practise. However, 
in the case of increased abdominal pressure, “normal” 
MAP and cardiac output might be insufficient to assure 
the adequate perfusion of abdominal and retroperitoneal 
organs. Moreover, due to heterogeneous aspects of 
microcirculatory perfusion, effect of classical hemodynamic 
interventions on microcirculation will most likely be 
limited[45]. Whether microcirculatory measurements may 
be supportive for hemodynamic management during IAH 
remains to be elucidated.

The identification of patient groups where even mild 
IAH leads to microcirculatory dysfunction with anaerobic 
metabolism would be desirable for the more precise 
adjustment of management suggestions.

MANAGEMENT OF IAH 
Higher grades of IAH are infrequent; most patients with 

IAH qualify as grade Ⅰ of IAH. Therefore, further studies 
should focus on mild to moderate IAH to clarify, which 
patients should be treated aggressively and which 
patients can simply be observed. Studies are needed to 
allow revision of the algorithm based on evidence. More 
specific recommendations including treatment triggers 
in spontaneously breathing patients, obese patients, 
patients after abdominal surgery and other specific 
groups, are warranted.

CONCLUSION
IAH occurs in about 40% of the ICU population. More 
than half of these patients present with IAH grade Ⅰ and 
approximately a quarter with IAH grade Ⅱ. Patients with 
IAH have a significantly longer duration of mechanical 
ventilation and, longer length of stay in the ICU and in 
the hospital. The impact of IAH and its different grades 
on mortality is controversial.

Preliminary data suggest that grades Ⅰ and Ⅱ 
IAH has a negative impact on tissue perfusion and 
microcirculation. Further studies are needed to clarify 
whether and in which particular sub-group of patients 
the occurrence of mild to moderate IAH should trigger 
immediate interventions directed at lowering the IAP.
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Abstract
AIM: To identify patient, cardiac arrest and management 
factors associated with hospital survival in comatose 
survivors of cardiac arrest.

METHODS: A retrospective, single centre study of 
comatose patients admitted to our intensive care unit 
(ICU) following cardiac arrest during the twenty year 
period between 1993 and 2012. This study was deemed 
by the Human Research Ethics Committee (HREC) of 
Monash Health to be a quality assurance exercise, and 
thus did not require submission to the Monash Health 
HREC (Research Project Application, No. 13290Q). The 
study population included all patients admitted to our 
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ICU between 1993 and 2012, with a discharge diagnosis 
including “cardiac arrest”. Patients were excluded if they 
did not have a cardiac arrest prior to ICU admission (i.e. , 
if their primary arrest was during their admission to ICU), 
or were not comatose on arrival to ICU. Our primary 
outcome measure was survival to hospital discharge. 
Secondary outcome measures were ICU and hospital 
length of stay (LOS), and factors associated with survival 
to hospital discharge.

RESULTS: Five hundred and eighty-two comatose 
patients were admitted to our ICU following cardiac 
arrest, with 35% surviving to hospital discharge. The 
median ICU and hospital LOS was 3 and 5 d respectively. 
There was no survival difference between in-hospital and 
out-of-hospital cardiac arrests. Males made up 62% of 
our cardiac arrest population, were more likely to have 
a shockable rhythm (56% vs  37%, P  < 0.001), and 
were more likely to survive to hospital discharge (40% 
vs 28%, P  = 0.006). On univariate analysis, therapeutic 
hypothermia, regardless of method used (e.g. , rapid 
infusion of ice cold fluids, topical ice, “Arctic Sun”, passive 
rewarming, “Bair Hugger”) and location initiated (e.g. , 
pre-hospital, emergency department, intensive care) was 
associated with increased survival. There was however no 
difference in survival associated with target temperature, 
time at target temperature, location of initial cooling, 
method of initiating cooling, method of maintaining 
cooling or method of rewarming. Patients that survived 
were more likely to have a shockable rhythm (P < 0.001), 
shorter time to return of spontaneous circulation (P  < 
0.001), receive therapeutic hypothermia (P  = 0.03), be 
of male gender (P  = 0.006) and have a lower APACHE 
Ⅱ score (P < 0.001). After multivariate analysis, only a 
shockable initial rhythm (OR = 6.4, 95%CI: 3.95-10.4; 
P < 0.01) and a shorter time to return of spontaneous 
circulation (OR = 0.95, 95%CI: 0.93-0.97; P < 0.01) was 
found to be independently associated with survival to 
hospital discharge.

CONCLUSION: In comatose survivors of cardiac 
arrest, shockable rhythm and shorter time to return of 
spontaneous circulation were independently associated 
with increased survival to hospital discharge.

Key words: Cardiac arrest; Hypothermia; Hyperthermia; 
Arrhythmia; Resuscitation

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Admission to intensive care after cardiac 
arrest is increasing. With the improvements in intensive 
care practice the survival to hospital discharge is being 
reported in up to 50% of patients. This study, one of 
the largest series published so far, was aimed to identify 
any association between patient factors, cardiac arrest 
characteristics and post-cardiac arrest management 
strategies with survival to hospital discharge. The 
results of this study confirm that of all the factors 
studied, shockable rhythm and shorter time to return of 
spontaneous circulation were independently associated 

with increased survival to hospital discharge.

Sathianathan K, Tiruvoipati R, Vij S. Prognostic factors associated 
with hospital survival in comatose survivors of cardiac arrest. 
World J Crit Care Med 2016; 5(1): 103-110  Available from: URL: 
http://www.wjgnet.com/2220-3141/full/v5/i1/103.htm  DOI: http://
dx.doi.org/10.5492/wjccm.v5.i1.103

INTRODUCTION
Cardiovascular disease accounts for 37% of deaths 
in Australia, the majority being due to cardiac arrest, 
with an incidence of 148 per 100000[1]. Unconscious 
survivors of primary cardiac arrest are at high risk of 
death and neurological injury[2,3]. Hospital survival rates 
of up to 50% have been described[4,5]. 

Recent focus on the hospital management of 
patients following cardiac arrest has been on therapeutic 
hypothermia, or targeted temperature management 
(TTM). Therapeutic hypothermia has been described in 
human survivors of cardiac arrest as early as the 1950’
s[6]. Animal studies were undertaken in the early 1990’
s[7], followed by feasibility studies on humans[8-10]. Two 
landmark trials published in 2002[3,11] demonstrated 
therapeutic hypothermia improved survival and neurolo-
gical recovery in comatose survivors of out-of-hospital VF 
arrest. In 2011, two systematic reviews[12,13] showed no 
benefit of therapeutic hypothermia over normothermia, 
and in 2013, the “TTM” trial[4] showed no benefit (or 
harm) between a targeted temperature of 33 ℃ and a 
targeted temperature of 36 ℃. All TTM trial subjects were 
also maintained below 37.5 ℃ for the first 72 h following 
cardiac arrest, even after rewarming, however this 
was not the standard practice for our hospital. A higher 
temperature prior to cooling has already been associated 
with greater survival[5], however we chose to use the 
time frame described in the TTM trial (see "MAX-TEMP" 
below).

A range of different cooling regimes have been 
described, including “moderate” hypothermia (33 ℃ 
for 12 h), 33 ℃ for 24 h, and “mild” hypothermia 
(32-34 ℃ for 24 h)[3,9-11]. Multiple methods have been 
described for inducing cooling, maintaining cooling and 
rewarming[3,9,11,14-16]. The optimal approach to inducing 
and maintaining a targeted temperature remains 
uncertain[5]. 

Dandenong Hospital has over twenty years’ experience 
in the management of comatose survivors of cardiac 
arrest, providing a large pool of patient data to allow for 
identification of any association between patient factors, 
cardiac arrest characteristics and post-cardiac arrest 
management strategies with survival to hospital discharge.

MATERIALS AND METHODS
We undertook a single centre retrospective study at the 
intensive care unit (ICU) of Dandenong Hospital (DDH). 
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DDH is a 530 bed metropolitan teaching hospital affiliated 
with Monash University. The emergency department sees 
58000 patients per annum, and the hospital has 48000 
acute admissions per annum. The ICU is a 14 bed level 
2 general ICU with 1100 annual admissions and 8.6% 
mortality.

This study was deemed by the Human Research 
Ethics Committee (HREC) of Monash Health to be a 
quality assurance exercise, and thus did not require 
submission to the Monash Health HREC (Research 
Project Application No. 13290Q). The study population 
included all patients admitted to our ICU between 1993 
and 2012, with a discharge diagnosis including “cardiac 
arrest”. Patients were excluded if they did not have a 
cardiac arrest prior to ICU admission (i.e., if their primary 
arrest was during their admission to ICU), or were not 
comatose on arrival to ICU.

Patients were identified using the ICU database. 
Acute physiology and chronic health evaluation (APACHE) 
data (APACHE Ⅱ and Ⅲ) were obtained from the ICU 
database. APACHE data were only available for patients 
admitted from July 1999. Further patient information 
was extracted from the hospital medical records. The 
baseline characteristics collected were age, gender, 
admission diagnosis, location of cardiac arrest (i.e., in-
patient vs out-of-hospital), initial rhythm, time to return 
of spontaneous circulation, hospital admission source and 
ICU admission source. Information collected describing 
management were documentation of therapeutic 
hypothermia plan, decision to institute cooling, location 
of initial cooling, method of initiating cooling, method of 
maintaining cooling, targeted temperature, time taken to 
achieve target temperature, time at target temperature 
(both planned and actual), method of rewarming and the 
maximum temperature reached in the first 72 h following 
cardiac arrest (MAX-TEMP). The “MAX-TEMP” variable 
was created to investigate any association between 
hospital survival and hyperthermia within the first 72 h 
following cardiac arrest, using the same 37.5 ℃ cut-off 
used in the TTM trial.

Primary outcome measure was survival to hospital 
discharge. Secondary outcome measures were ICU 
length of stay (LOS), hospital LOS and the patient, 
cardiac arrest and management factors associated with 
survival to hospital discharge.

IBM SPSS Statistics (release 22.0.0.0, IBM Corp., 
Armonk, NY, United States) was used to analyse our 
data. Continuous data were presented as mean [standard 
deviation (SD)] and compared using student t-test. 
Parametric data were presented as median [interquartile 
range (IQR)] and compared using Mann-Whitney test. 
Nominal data were analysed using Chi-squared test. 
Binary logistic regression analysis was used to identify 
independent associations with hospital survival. P-values 
less than 0.05 were considered significant.

RESULTS
The ICU database search identified 728 patients 

admitted to our ICU between 1993 and 2012 with a 
discharge diagnosis including “cardiac arrest” (Figure 
1). 109 patients were excluded for not having a cardiac 
arrest prior to ICU admission and a further 37 patients 
for not being comatose on arrival to ICU, leaving a total 
of 582 patients. There were no APACHE data available for 
patients admitted prior to July 1999 (n = 155, 26.6%). 
These patients were excluded from further analysis 
involving APACHE data, but were still included for all 
other analyses.

Overall survival to hospital discharge was 35%, 
with median ICU and hospital length of stays (LOS) of 
3 and 5 d respectively (Table 1). Table 2 separates our 
patients into survivors and non-survivors, identifying 
statistically significant differences in initial rhythm, time 
to return of spontaneous circulation, APACHE Ⅱ score, 
gender and the institution of therapeutic hypothermia. 
There was no survival difference between in-hospital 
and out-of-hospital cardiac arrests. Males made up 62% 
of our cardiac arrest population (Table 1), were more 
likely to have a shockable rhythm (56% vs 37%, P < 
0.001) (data not presented), and were more likely to 
survive to hospital discharge (40% vs 28%, P = 0.006) 
(Table 2).

On univariate analysis, therapeutic hypothermia, 
regardless of method used (e.g., rapid infusion of ice 
cold fluids, topical ice, “Arctic Sun”, passive rewarming, 
“Bair Hugger”) and location initiated (e.g., pre-hospital, 
emergency department, intensive care) was associated 
with increased survival (Table 2). There was however no 
additional difference in survival associated with target 
temperature, time at target temperature, location of 
initial cooling, method of initiating cooling, method of 
maintaining cooling or method of rewarming (data not 
presented). There was greater survival associated with 
MAX-TEMP higher than 37.5 ℃ (41% vs 27%, P < 
0.001) (data not presented). 

Comparing patients that presented before and after 
2002 (Table 3), the second decade had statistically 
significant increases in non-shockable rhythms, time to 
return of spontaneous circulation, out-of-hospital cardiac 
arrests, prescription of therapeutic hypothermia and 
APACHE Ⅱ scores. Patients in this group took longer to 
cool and were cooled for a longer period of time. There 
was a statistically significant decrease in mean age and 
a non-significant decrease in survival in the second 
period. There was a statistically significant increase in 
ICU LOS, but a non-significant decrease in the hospital 
LOS in the second period. There was also a statistically 
significant increase in the implementation of therapeutic 
hypothermia over the course of the study period (Figure 
2).

Binary logistic regression analysis identified only a 
shockable initial rhythm (OR = 6.4, 95%CI: 3.95-10.4; 
P < 0.01) and a shorter time to return of spontaneous 
circulation (OR = 0.95, 95%CI: 0.93-0.97; P < 0.01) 
to be independently associated with survival to hospital 
discharge (Table 4).
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The association between male gender and increased 
survival to hospital discharge (Table 2) was expected, 
as men are more likely to have an out-of-hospital 
cardiac arrest[20], are more likely to survive to hospital 
admission[21] and are more likely to survive to hospital 
discharge[19,20]. Men are also more likely to have coronary 
artery disease and to have a shockable rhythm, both 
resulting in better survival following cardiac arrest[20,22]. 

There was a statistically significant association 
between lower APACHE Ⅱ scores and increased survival, 
but not with APACHE Ⅲ. The original APACHE score 
included 34 physiological variables[23], which was reduced 
to 12 with APACHE Ⅱ, along with inclusions of age, 
chronic health and surgical procedures[24]. APACHE Ⅲ 
was later introduced with 17 physiological variables, 
increased chronic health categories, less weighting for 
chronic health and a section for ICU admission source[25]. 
APACHE Ⅳ has subsequently been released, however 
due to its complexity, APACHE Ⅱ and APACHE Ⅲ are 
still used in mainstream practice[26]. Of the above, 
only APACHE Ⅱ measured at 24 h has been shown 
to correlate with mortality in patients following cardiac 
arrest[27]. The alteration in the chronic health section and 
the different weighting given to it, may explain the lack 
of correlation between the APACHE Ⅱ and APACHE Ⅲ 
scoring systems in our study population.

In addition to the TTM trial[4], there have been many 
other trials from Scandinavia looking at the management 
of patients following cardiac arrest[28-31]. Initially, because 
patients were selected for cooling based on “hypothermia 
after cardiac arrest” (HACA) inclusion criteria[3], only 

DISCUSSION
This twenty year retrospective study identified multiple 
patient factors, cardiac arrest characteristics and post-
cardiac arrest management strategies that were 
associated with increased survival to hospital discharge 
in comatose survivors of cardiac arrest. 

A shockable rhythm, and a shorter time to return 
of spontaneous circulation were both associated with 
increased survival (Table 2). The Victorian Ambulance 
Cardiac Arrest Register (VACAR)[17] showed there was 
a higher chance of survival in patients found with a 
shockable rhythm. In addition, patients found with a 
shockable rhythm were more likely to have an earlier 
return of spontaneous circulation and survive to hospital 
admission[18,19]. These variables were the only two factors 
identified in our study to be independently associated 
with survival to hospital discharge following multivariate 
analysis.
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Figure 1  Flow diagram of all patients.

Table 1  Demographics, cardiac arrest details and management 
of included patients

Variable All patients 
n  = 582

Patient
  Age (yr) - mean (SD) (n = 581)   63 (16)
  Gender (male) - n (%) (n = 579)  361 (62)
Cardiac arrest
  Time to ROSC (min) - mean (SD) (n = 571)   23 (15)
  Presenting rhythm (shockable) - n (%) (n = 582)  286 (49)
  Location of arrest (OHCA) - n (%) (n = 582)  408 (70)
  Apache 2 score - mean (SD) (n = 427)    28 (8.4)
  Apache 3 score - mean (SD) (n = 427)      78 (37.8)
Management
  Cooled - n (%) (n = 582)  295 (51)
  Target temperature (℃) - median (IQR) (n = 290)   33 (33-33)
  Time to temp1 (h) - mean (SD) (n = 288)    2.1 (3.0)
  Time at temp2 (h) - median (IQR) (n = 290)   24 (12-24)
Outcome
  Survived to hospital discharge - n (%) (n = 582)  206 (35)
  ICU LOS (d) - median (IQR) (n = 582) 3 (1-5)
  Hospital LOS (d) - median (IQR) (n = 581)   5 (2-14)

1Time to temp = time taken to reach target temperature (hours); 2Time at 
temp = time at target temperature (hours). LOS: Length of stay (days); ROSC: 
Return of spontaneous circulation (minutes); OHCA: Out of hospital cardiac 
arrest; IQR: Interquartile range.

Table 2  Comparison of survivors and non-survivors

Variable Died
n  = 376 
(65%)

Survived
n  = 206 
(35%)

 P value

Patient
  Age (yr) - mean (SD) (n = 581)   64 (17)   63 (15)     0.28
  Gender (male) - n (%) (n = 579) 218 (58) 143 (70)     0.006
Cardiac arrest
  Time to ROSC (min) - mean (SD) (n = 571)   26 (14.5)   18 (14.3) < 0.001
  Presenting rhythm (shockable) - n (%) 
   (n = 582)

134 (36) 152 (72) < 0.001

  Location of arrest (OHCA) - n (%) (n  
   = 582)

269 (72) 139 (67)     0.3

  Apache 2 score - mean (SD) (n = 427)   30 (7.6)   24 (8.5) < 0.001
  Apache 3 score - mean (SD) (n = 427)   79 (37.9)   77 (37.8)     0.5
Management
  Cooled - n (%) (n = 582) 178 (47) 117 (57)     0.03
  Target temperature (℃) - median (
   IQR) (n = 290)

33 (33-33) 33 (33-33)     0.44

  Time to temp1 (h) - mean (SD) (n = 288)   1.8 (2.9)  2.5 (3.1)     0.04
  Time at temp2 (h) - median (IQR) (n = 290) 24 (12-24) 24 (12-24)     0.84
Outcome
  ICU LOS (d) - median (IQR) (n = 582)   2 (1- 4)   4 (2-7) < 0.001
  Hospital LOS (d) - median (IQR) (n = 581)   3 (1-6) 15 (8-27) < 0.001

1Time to temp = time taken to reach target temperature (hours); 2Time at 
temp = time at target temperature (hours). LOS: Length of stay (days); 
ROSC: Return of spontaneous circulation (minutes); OHCA: Out of 
hospital cardiac arrest; IQR: Interquartile range.
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28% received therapeutic hypothermia[28]. However, 
as with our study, the percentage of patients receiving 
therapeutic hypothermia increased over time (28% in 
2007[28], 44% in 2012[29], and 61.7% in 2013[30]) (Figure 
2). 

Our study identified no association between survival 
and the location of cooling, method of initiating cooling, 
method of maintaining cooling or method of rewarming. 
This may have been confounded by our lack of information 
on the efficacy of the different cooling strategies 
implemented. The RICH trial previously documented 
that pre-hospital cooling added no survival benefit over 
in-hospital cooling[16]. Other studies have documented 
the ability of various devices to achieve and maintain a 
specified temperature[14,15], however it is unclear whether 
improved efficacy directly translates to improved survival. 
Despite advances in cooling technology, patients that 
presented in the second half of the study took longer to 
achieve target temperature compared to those in the first 
half (Table 3).

The time of publication of the two practice-changing 
therapeutic hypothermia trials[3,11] evenly divided our 
study period into two ten year intervals. Looking at 
these two periods, there was no statistically significant 
difference in survival to hospital discharge (Table 3). 
In fact, there was a non-significant trend to worsening 
survival (38% vs 33%, P = 0.16), despite a higher 
percentage of patients being cooled and a younger group 
of patients. There are a number of explanations for this. 
To begin with, the latter group had sicker patients, as 
indicated by a higher mean APACHE Ⅱ score, which has 
previously been associated with worse outcomes following 
cardiac arrest[27]. There was also an increase in non-
shockable rhythms and a higher mean time to return 
of spontaneous circulation, both of which have been 
associated with worse hospital survival[18,19]. This non-
significant decrease in survival also came with the cost of 
a statistically significant increase in ICU length of stay. 

The finding that survival was associated with a 
higher maximum temperature in the first 72 h (MAX-
TEMP) following cardiac arrest (37.4 ℃ vs 37.9 ℃, 
P = 0.003) was unexpected. Fever is present in 
42%-52% of patients post cardiac arrest[32,33], and has 
previously been associated with a poor outcome[34,35]. A 
multicentered observational cohort study from Canada, 
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Figure 2  Percentage of patients cooled over time.
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Table 3  Comparison of patients before and after 2002

Variable 1993-2002 
n  = 257 
(44%)

2003-2012 
n  = 325 
(56%)

 P value

Patient
  Age (yr) - mean (SD) (n = 581)   65 (15)   62 (16)     0.04
  Gender (male) - n (%) (n = 579) 161 (63) 200 (62)     0.73
Cardiac arrest
  Time to ROSC (min) - mean (SD)  
  (n = 571)

  21 (14)   24 (15)     0.02

  Presenting rhythm (shockable) 
  - n (%) (n = 582)

151 (59) 135 (42) < 0.001

  Location of arrest (OHCA) - n 
  (%) (n = 582)

165 (64) 243 (75)     0.006

  Apache 2 score - mean (SD) (n 
  = 427)

  26 (8.3)   29 (8.3)     0.007

  Apache 3 score - mean (SD) (n 
  = 427)

  75 (35.9)   79 (38.2)     0.23

Management
  Cooled - n (%) (n = 582)   73 (28) 222 (68) < 0.001
  Target temperature (℃) - 
median (IQR) (n = 290)

33 (33-33) 33 (33-33)     0.62

  Time to temp1 (h) - mean (SD) (n 
  = 288)

  1.3 (2.2)   2.4 (3.2)     0.04

  Time at temp2 (h) - median 
  (IQR) (n = 290)

12 (12-24) 24 (12-24)     0.56

Outcome
  Survived to hospital discharge - 
  n (%) (n = 582)

  99 (38) 107 (33)     0.16

  ICU LOS (d) - median (IQR)
  (n = 582)

  2 (1-4)   3 (1-6)     0.008

  Hospital LOS (d) - median (IQR) 
  (n = 581)

  6 (2-15)   4 (2-13)     0.18

1Time to temp = time taken to reach target temperature (hours); 2Time at 
temp = time at target temperature (hours). LOS: Length of stay (days); 
ROSC: Return of spontaneous circulation (minutes); OHCA: Out of hospital 
cardiac arrest; IQR: Interquartile range.
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however, identified that a higher temperature prior to 
cooling was associated with greater survival (35.6 ℃ 
vs 36.1 ℃, P < 0.0001)[5]. We are uncertain whether a 
difference of only 0.5 ℃ in mean temperatures prior to 
cooling, or maximum temperatures following cardiac 
arrest, are significant enough to justify having an effect 
on outcome. In our study, a lower MAX-TEMP was 
associated with a shorter median ICU LOS (1 d vs 4 d, P 
= 0.016) implying that many patients in our study may 
have died while still in the cooling process. In addition, 
for those regaining consciousness, fever may have been 
tolerated by the treating team, but we were unable to 
support this statement with the data available.

Another unexpected finding was the association 
between a longer time to target temperature and greater 
survival. We found a difference of 42 min (1.8 h vs 2.5 h, 
P = 0.04) between the mean time to target temperature 
of the survivors and non-survivors. This was also noted 
in the Canadian study mentioned previously, where the 
difference in means between survivors and non-survivors 
was 54 min (3.4 h vs 4.3 h, P = 0.001)[5]. We are unsure 
whether a difference of less than an hour to achieve a 
target temperature is sufficient to influence survival. Our 
finding may have been confounded by our study period 
overlapping with the start of the RINSE trial[36], resulting 
in the introduction of non-selective pre-hospital cooling 
and increased number of patients presenting to ICU who 
were already hypothermic.

Our study had a number of limitations. We undertook 
a study that was retrospectively analysed and only 
involved a single site, raising concerns regarding causality 
and generalizability. Our primary endpoint was hospital 
survival, and did not include data on functional outcome, 
nor follow-up post discharge. Our data lacked many 
peri-arrest details, preventing us from using Utstein 
reporting. We lacked APACHE data for patients admitted 
prior to July 1999. Even though our twenty years of 
study data enabled comparison before and after the 
practice changing papers, there were also many other 
major changes, not only in the management of patients 
following cardiac arrest, but also in ICU management 
overall. In addition, this period overlapped with many 
therapeutic hypothermia studies[9,11,16,36], resulting in 
changes to therapeutic hypothermia protocols, including 
the introduction of pre-hospital cooling.

Over the twenty years during which this study encom-
passed, there was no appreciable change in survival 
to hospital discharge for comatose survivors of cardiac 
arrest admitted to our ICU. Increased survival to hospital 
discharge was found to be independently associated with 
a shockable initial rhythm and a shorter time to return of 
spontaneous circulation. 

A similar study will need to be repeated following the 
translation of the TTM Trial findings into clinical practice. 
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COMMENTS
Background
The intensive care management of patients following cardiac arrest is 
variable. This is particularly the case with regard to temperature management. 
Therapeutic hypothermia has been used in patients following cardiac 
arrest since the 1950’s. However, more than 6 decades later, its role in the 
management of patients following cardiac arrest, and the parameters targeted, 
still remain up for debate.

Research frontiers
The targeted temperature management (TTM) trial has made us review our 
original thoughts on the use of therapeutic hypothermia in patients following 
cardiac arrest, leading to a new era in TTM. These new strategies have now 
been incorporated into international post-resuscitation guidelines. 

Innovations and breakthroughs
This study looks at a twenty-year time period of the treatment of patients 
following cardiac arrest in a single institution enabling an insight into the 
practice changes that have occurred.

Applications
The study was conducted using retrospective data, allowing us to make a 
number of associations. Using out findings, further studies can be designed 
to not only look at temperature as a means of therapy, but potentially also as 
potential prognostic indicator for patients following cardiac arrest.

Terminology
“TTM” is a medical therapy where a patient’s core body temperature is actively 
controlled to maintain a desired level; “Therapeutic hypothermia” is a subset 
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Table 4  Final model of logistic regression analysis

Variables B SE Wald df Sig. OR 95%CI

Lower Upper

ROSC -0.048 0.009 27.588 1 0.000 0.953 0.937   0.971
Shockable rhythm  1.860 0.248 56.222 1 0.000 6.422 3.949 10.441
APACHE II -0.001 0.003   0.156 1 0.693 0.999 0.993   1.005
Therapeutic hypothermia  0.088 0.248   0.126 1 0.722 1.092 0.672   1.775
Gender -0.456 0.247   3.388 1 0.066 0.634 0.390   1.030
Constant -0.210 0.410   0.263 1 0.608 0.810

ROSC: Time to return of spontaneous circulation.

 COMMENTS
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of TTM where the desired core body temperature is set to a target below 
35 ℃; “Cardiac arrest” is the failure of the heart to pump blood, resulting in 
cessation of circulation; “Shockable rhythm” is an electrical cardiac rhythm 
causing a cardiac arrest that may be responsive to cardiac defibrillation, such 
as ventricular fibrillation and ventricular tachycardia’; “Non-shockable rhythm” 
is an electrical cardiac rhythm causing a cardiac arrest that is not responsive to 
cardiac defibrillation, such as asystole and pulseless electrical activity.

Peer-review
This is an interesting article describing the experience of a single center on the 
outcomes of cardiac arrest patients admitted to the intensive care unit.
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Abstract 
The incidence of gram-negative multidrug-resistant 
(MDR) bacterial pathogens is increasing in hospitals 
and particularly in the intensive care unit (ICU) setting. 
The clinical consequences of infections caused by MDR 
pathogens remain controversial. The purpose of this 
review is to summarize the available data concerning 
the impact of these infections on mortality in ICU 
patients. Twenty-four studies, conducted exclusively in 
ICU patients, were identified through PubMed search 
over the years 2000-2015. Bloodstream infection was 
the only infection examined in eight studies, respiratory 
infections in four and variable infections in others. 
Comparative data on the appropriateness of empirical 
antibiotic treatment were provided by only seven 
studies. In ten studies the presence of antimicrobial 
resistance was not associated with increased mortality; 
on the contrary, in other studies a significant impact of 
antibiotic resistance on mortality was found, though, 
sometimes, mediated by inappropriate antimicrobial 
treatment. Therefore, a direct association between 
infections due to gram-negative MDR bacteria and 
mortality in ICU patients cannot be confirmed. Sample 
size, presence of multiple confounders and other metho-
dological issues may influence the results. These data 
support the need for further studies to elucidate the real 
impact of infections caused by resistant bacteria in ICU 
patients.

Key words: Critically ill patients; Infections; Multidrug 
resistance; Gram-negative pathogens; Mortality
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resistant (MDR) bacterial pathogens is increasing in 
hospitals and particularly in the intensive care unit 
(ICU) setting. The clinical consequences of infections 
caused by MDR pathogens remain controversial. Until 
the present time a direct association between infections 
due to gram-negative MDR bacteria and mortality in 
ICU patients cannot be confirmed by the studies avail
able. Further studies are needed to elucidate the real 
impact of infections caused by resistant bacteria in ICU 
patients. 

Paramythiotou E, Routsi C. Association between infections caused 
by multidrug-resistant gram-negative bacteria and mortality in 
critically ill patients. World J Crit Care Med 2016; 5(2): 111-120  
Available from: URL: http://www.wjgnet.com/2220-3141/full/v5/
i2/111.htm  DOI: http://dx.doi.org/10.5492/wjccm.v5.i2.111

INTRODUCTION
Nosocomial-acquired infections are a frequently en-
countered problem in critically ill patients posing a 
severe burden on the morbidity and mortality noticed 
in the intensive care unit (ICU) setting. In the Extended 
Prevalence of Infection in Intensive Care (EPIC Ⅱ) 
study carried out in May 2007[1] recruiting 1265 ICUs in 
75 countries, 51% of patients were considered infected, 
a prevalence rate considerably higher than the 20% 
of the previous EPIC Ⅰ study[2]. Furthermore, ICU and 
hospital mortality rates of infected patients were more 
than twice than those of non-infected. Notably, 62% of 
the isolates were gram-negative bacteria.

An important factor further contributing to the un-
toward effects of infection is the ever growing resist-
ance of pathogens. Although resistance trends vary 
among hospitals, there is significant evidence that the 
prevalence of multidrug-resistance (MDR) is increasing. 
Particularly in the ICU setting several specific factors 
contribute to higher percentages of antimicrobial re-
sistance in this particular environment[3,4]. Overuse 
of antibiotics, prolonged ICU stay, use of indwelling 
devices, presence of comorbidities, lack of isolation 
practices, easy spread of resistant pathogens among 
countries as a result of international travels significantly 
increase the burden of resistance in the critically ill. 

Since 2008 the acronym “ESKAPE” has been given 
to a group of pathogens [Enterococus faecium, Staphylo
coccus aureus, Klebsiella pneumoniae (K. pneumoniae), 
Acinetobacter baumannii, Pseudomonas aeruginosa 
(P. aeruginosa) and Enterobacter species] that pose a 
high threat to patients’ safety emphasizing the need 
for new and effective antibiotics[5]. In the critically ill 
patient the importance of gram-negatives as pathogens 
in the ICU has been featured by several epidemiologic 
studies both in Europe[1] and in the United States[6]. In 
addition, the Centers for Disease Control and Prevention 
(CDC) identified the increase in antibiotic resistance 
as one of the most important threats to human health 

worldwide[7]. 
Apart from the clinical, the economic consequences 

of antimicrobial resistance are also a matter of con-
cern[8]. It is almost generally accepted that acquisition 
of MDR strains is often associated with higher utiliza-
tion costs, compared to susceptible ones[9,10]. On 
the contrary, the clinical consequences of infections 
caused by MDR pathogens have been a matter of 
debate. Although there is a general agreement about 
the association of MDR with prolonged hospital stay, the 
possible association between antimicrobial resistance 
and mortality remains controversial. In some studies a 
positive association has been found whereas in other 
studies no significant excess of mortality has been 
detected. 

Earlier studies regarding the resistance and ICU 
outcomes have addressed gram-positive organisms, 
such as methicillin-resistant Staphylococcus aureus 
(MRSA) or Vancomycinresistant enterococcus[11-13]. 
Furthermore, though numerous studies have examined 
the impact of resistant gram-negative bacilli in hos-
pitalized patients in general, a limited number of them 
have focused exclusively on ICU patients. The purpose 
of this review is to summarize the available data con-
cerning the impact of infections caused by MDR gram-
negative pathogens upon clinical outcome, laying 
particular emphasis on mortality of the critically ill. A 
brief description of the epidemiology and characteristics 
of the main gram-negative pathogens will precede.

EPIDEMIOLOGY AND MECHANISMS OF 
RESISTANCE 
In the critically ill patients gram-negative pathogens with 
the greatest burden are the non-fermenting bacteria 
Acinetobacter baumannii and P. aeruginosa for which few 
therapeutic options are available and Enterobacteriacae 
mainly Kebsiella pneumoniae equipped with a significant 
number of resistance mechanisms. The Antimicrobial 
Availability Task Force formed by the Infectious Diseases 
Society of America has identified these three gram-
negative pathogens as a source of particular importance 
for difficult to treat infections[5].

K. pneumoniae 
K. pneumoniae is an established nosocomial pathogen 
capable of collecting plasmids which confer resistance 
to many antimicrobials. An illustrating example of their 
capacity are plasmids encoding extended-spectrum 
beta-lactamases rendering them resistant against newer 
cephalosporins. Later, another main mechanism of 
resistance for K. pneumoniae was added, the acquisition 
of carbapenemases. The carbapenemases commonly 
encountered are the K. pneumoniae carbapenemase 
(KPC) variants and the zinc-dependent metallo-beta-
lactamases (Mbls). 

KPCs are beta-lactamases capable of hydrolyzing 
penicillins, all cephalosporins, mono-bactams, carbapen-
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ems and even β-lactamase inhibitors. They were firstly 
isolated in 1996 in Northern Carolina, United States, 
then in New York city hospitals and then in many 
states[14]. Since then, KPC-producing bacteria have 
been isolated in most places around the world, including 
South America, Europe and Asia. In many countries 
such as Greece, Israel, Poland and Italy[15-17], KPCs 
have become endemic but in other cases they remain a 
rare infection cause. Infections caused by KPCs include 
life-threatening infections such as bacteremia and 
pneumonia in critically ill patients. 

The three families of metallo-beta lactamases 
(VIM, IMP and NDM) have spread inter-nationally but 
with significant local differences. VIM-producing K. 
pneumoniae are isolated mainly in Europe where they 
are epidemic in some countries of Southern Europe. On 
the contrary, IMPs are isolated in countries of Asia and 
also in Australia[18,19]. New Delhi metallo-beta-lactamase 
is the most recently isolated type of metallo-beta-
lactamase. Although the epidemic started in India, it 
has spread to several parts of the world[20].

P. aeruginosa
P. aeruginosa is a common cause of nosocomial infe-
ctions, often associated with higher mortality when 
compared to other bacterial pathogens[21,22]. Especially 
in the ICU setting severe infections are caused by this 
aerobic gram-negative bacilli, namely bloodstream 
infections, whether related or not to the use of a central 
venous catheter and ventilator-associated pneumonia. 
P. aeruginosa is the cause of a high percentage of 
nosocomial infections in critically ill patients. In the 
EPIC Ⅱ study Pseudomonas species caused 19.9% 
of infections in the ICU[1] while another multicenter 
study concerning bloodstream infections coming from 
9 countries, showed that P. aeruginosa was the cause 
of bacteremia in 5.3% of cases[23]. Several mechanisms 
are implicated in the development of resistance in 
P. aeruginosa strains. One of the main mechanisms 
is the resistance to carbapenems, one of the most 
important drugs for the treatment of P. aeruginosa-
associated infections. Resistance is often caused by 
carbapenemases, mainly Ambler class B metallo-b-
lactamases and more recently KPC serine carbapene-
mases. A combination of resistance mechanisms is 
usually present[24]. In a recent study Castanheira et 
al[25] examined 529 carbapenem non-susceptible P. 
aeruginosa isolates from 14 European and Mediterranean 
countries. They noticed an increased prevalence of Mbls 
and increased resistance to imipenem and meropenem 
while a percentage of 99.3 of isolates was susceptible to 
colistin.

Acinetobacter baumannii
Acinetobacters are gram-negative, catalase-posi-
tive, oxidase-negative, non-motile, non-fermenting 
coccobacilli. They have concentrated a wide array of 
antimicrobial resistance mechanisms which include 

enzymatic degradation by beta-lactamases (including 
TEM, SHV, CTX-M, OXA, VIM, IMP and others). 
Furthermore, several non-enzymatic mechanisms con-
tribute to the emergence of resistance to a variety of 
antimicrobials including quinolones, aminoglycosides, 
tetracyclines, glycylcyclines and polymyxins[19]. One of 
the most important mechanisms is the emergence of 
resistance to carbapenems, which is encountered in 
larger percentages than in other gram-negatives[26]. 
In such cases polymyxins are the only therapeutic 
solution. Unfortunately, the isolation of colistin-resistant 
carbapenem-resistant A. baumannii is on the rise[27]. A 
large spectrum of nosocomial infections are caused by A. 
baumannii including bloodstream infections, pneumonia, 
catheter-associated infections, etc. A. baumannii belongs 
to the group of ESKAPE pathogens and in the EPIC Ⅱ 
study infections caused by this pathogen covered a 
percentage of 8.9%[1]. 

DEFINITIONS 
Antimicrobial resistance 
A general definition of antimicrobial resistance is the 
ability of an organism to resist the action of an antimi-
crobial agent to which it was previously susceptible. 
One of the major difficulties in the evaluation of rele-
vant studies was the lack of a standard definition for 
the MDR, extra-drug resistant (XDR) and the pan-
drug resistant (PDR) pathogens due to the lack of 
classification criteria and specific definitions. Various 
authors have used different methods to characterize 
organisms as “resistant” based on in vitro antimicrobial 
susceptibility test results. As a result, microbiology 
data could not be reliably compared across different 
healthcare settings. The diversity of definitions of 
MDR and PDR for A. baumannii and P. aeruginosa has 
been reviewed by Falagas et al[28]. In this paper, an 
impressive diversity of resistance definitions became 
apparent highlighting the need for a consensus on that 
important matter.

In 2012 Magiorakos et al[29] international experts 
established a standardized international terminology 
through a joint initiative by the European Centre for 
Disease Prevention and Control and the CDC. In this 
definition an “antimicrobial category” was constructed 
for each isolate. Accordingly, MDR was defined as 
acquired non-susceptibility to at least one agent in three 
or more antimicrobial categories; XDR was defined as 
non-susceptibility to at least one agent in all but two 
or fewer antimicrobial categories and PDR was defined 
as non-susceptibility to all agents in all antimicrobial 
categories. Applying the suggested definitions could 
make data from relevant studies comparable allowing 
therefore, the extraction of reliable conclusions. 

In the present review, since we included studies 
between 2000 and 2015, the definitions used by diffe-
rent authors of the included studies vary. Some of them 
define the resistance as resistance only to carbapenems 
while others to several classes of antimicrobial agents.
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Lambert et al[47] the results showed that the prese-
nce of antimicrobial resistance had a low additional 
effect (20%) on mortality. In two other studies, the 
increased mortality was considered as the indirect 
consequence of the inappropriate therapy. Finally, in 
the study by Dautzenberg et al[30] patients colonized 
with carbapenemase-producing Enterobacteriaceae 
had a 1.79 times higher hazard of dying in ICU than no 
colonized patients, primarily because of an increased 
length of stay. 

Additionally, 3 review articles summarizing the 
published data on this issue were identified[31-33] as well 
as another one presenting the clinical consequences 
of specific MDR pathogen, namely P. aeruginosa[34]. In 
the review by Shorr[33], studies mostly conducted on 
general hospitalized population were included providing 
that among the studied patients a more than 39% 
of cases was hospitalized in the ICU. The collective 
findings of these studies suggested that gram-negative 
bacterial resistance increases the burden in the ICU 
in terms of mortality, length of stay and charges. Of 
note, associations between gram-negative resistance 
and mortality or prolonged length of stay sometimes 
disappeared in multivariate analyses after adjusting for 
confounding factors.

GENERAL COMMENTS
The clinical consequences of the common MDR gram-
negative bacilli on the critically ill patients have been the 
subject of examination in a number of studies presented 
in this review. Several studies found a significant impact 
of antibiotic resistance on mortality whereas others did 
not show such impact. However, as shown in Table 1, 
there was a considerable heterogeneity of published 
studies with respect to study design, definitions and 
outcomes measured. As a result, some confusion with 
regard to the actual antibiotic resistance impact on 
mortality from gram-negative infections is unavoidable. 

Assessing the contribution of infections caused 
by antimicrobial resistant pathogens to an adverse 
clinical outcome in ICU patients is difficult, given the 
confounding created by crucial factors such as the 
illness severity, co-morbidities, infection site, treatment 
strategy and others[9,57]. Large, well-conducted epide-
miological studies, focusing on the association between 
gram-negative bacterial resistance to antimicrobial 
agents and mortality in the ICU setting are limited in 
the currently available literature. 

Most of the studies identified suffer from a number 
of limitations. Firstly, nine studies were retrospective 
and, therefore, prone to several forms of potential 
biases. Secondly, diverse definitions of the term “multi-
drug resistance” have been used based on different 
thresholds over the past years in different instituti-
ons[28], particularly before the standardized international 
terminology was available[29]. As a result, according to 
in vitro susceptibilities some patients would have been 
classified into the opposite category (or vice versa). 

Twenty four studies were identified during the 
predefined period according to the search criteria[9,30-56]. 
A synopsis of the studies’ characteristics such as design, 
sample size, type of infection, resistance definition, 
pathogen (s) and clinical outcome data are presented 
in Table 1. Nine out of the twenty three studies had a 
retrospective study design, ten were prospective and 
in two studies the type was not reported. Two studies 
were part of secondary analysis of large prospective 
studies.

Several differences regarding definitions, design, 
control group selection and the sample size were 
observed. Two studies were conducted in surgical ICUs 
while others in mixed ICUs. The causative pathogen 
was only one in thirteen studies (P. aeruginosa in 5, 
A. baumannii in 5, and K. pneumoniae in 3 studies) 
whereas two studies dealt with two resistant pathogens. 
The remaining studies examined the impact of all 
three important gram-negative pathogens, some of 
them involving also other Enterobacteriacae (such as 
E. coli) or gram-positive bacteria such as S. aureus. 
Four studies have focused exclusively on carbapenem-
resistant compared to carbapenem-susceptible strains 
of P. aeruginosa or A. baumannii. 

The site of infection differed among studies. Eight 
studies examined bloodstream infections; four studies 
examined respiratory infections related to mechanical 
ventilation, one study enrolled patients with pneumonia 
or bloodstream infection and nine studies enrolled 
patients affected by infections of any origin. Finally, in 
two studies colonization with or without infection was 
examined. One of them is the recent large, two-center 
prospective cohort study, which quantified the effects of 
carbapanemase-producing Enterobacteriaceae carriage 
on patient outcome in the ICU (MOSAR study)[30]. 
Although this study did not explore any association 
with infection, being focused on colonization, it was 
included because colonization precedes infection in 
most instances and, therefore, it represents an indirect 
marker of a patient being at risk of a possible poorer 
outcome. 

Concerning the control group selection, in nine 
studies both cases and controls came from the pool of 
patients presenting an infection due to a MDR pathogen 
and survivors were compared to non-survivors. In 
eight studies patients infected with a MDR strain 
were compared to those with a susceptible one or to 
those without any infection. Comparative data on the 
appropriateness of empirical antibiotic treatment were 
provided by only seven[48,50,51,52,54,55] out of twenty-four 
studies.

As for the main target of this review, i.e., re-
sistance-associated mortality, a negative association 
was documented in ten studies. In the remaining 
studies a positive result was noted, though with 
different endpoints. Among the latter, the hospital-
associated mortality was affected in two studies while 
in another study both ICU and hospital mortality 
were influenced. In the large sample size study by 
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Ref. Study design No. of cases Type of infection Isolates/resistance definition Results/comments

Blot et al[35] Retrospective, 
cohort study

  328 BSI Variable/ceftazidime-resistance Antibiotic resistance does not 
affect the outcome

Peres-Bota et al[36] Prospective   186 Variable infections Variable2/at least to ceftazidime, 
animoglycosides, carbapenems or 

quinolones 

No difference in mortality

Ortega et al[37] Single center 
prospective study

    53 Colonization and 
infection

P. aeruginosa/resistant at least to two 
classes of antibiotics

No difference in mortality

Combes et al[38] Secondary 
analysis of a large 
prospective cohort 

study

  115 VAP P. aeruginosa/resistance to piperacillin 28-d mortality not associated with 
piperacillin resistance

Kwa et al[39] Retrospective 
cohort study

  129 VAP Variable MDR bacteria/resistance to 
all available systemic antibiotics

MDR was associated with a higher 
likelihood of infection-attributed 

mortality
Playford et al[9] Retrospective case-

control study
  197 Variable (including 

colonization)
A. baumannii/susceptible only to 

amikacin and colisin
Positive association with increased 

hospital mortality
Daniels et al[40] Retrospective, 

propensity-
matched cohort 

study

    84 Variable infections A. baumannii/resistance to 3 or more 
classes of antibiotics

No difference in 28-d mortality 

Parker et al[41] Secondary analysis 
of a randomized 

trial

  739 VAP P. aeruginosa or variable MDR 
bacteria2/resistance to 2 or more 

classes of antibiotics

Higher 28-d ICU and hospital 
mortality

Pinheiro et al[42] Retrospective 
case–control study

  131 Variable infections P. aeruginosa/multi- or pandrug 
resistant 

No association with mortality

Katsaragakis et al[43] Prospective 
observational 

study in a surgical 
ICU

60 Variable infections A. baumannii/susceptibility only to 
colistin

Multi- resistance not associated 
with mortality

Routsi et al[44] Prospective 
observational 

study

    96 BSI A. baumannii/carbapenem resistance No association with mortality

Mouloudi et al[45] Double case 
-control study

    59 BSI K. pneumoniae/carbapenem resistance Positive association between KPC 
producing K. pneumoniae and 

mortality
Michalopoulos et 
al[46]

Retrospective case-
control study

    84 Primary BSIs K. pneumoniae, A. baumanni, P. 
aeruginosa/resistance to at least 4 out 

of 7 antibiotic classes

Higher hospital mortality, 
compared to controls(78% ICU-acquired, 

22% ward-
acquired) 

Lambert et al[47] Multicenter 
prospective cohort 

study 

119699 Pneumonia, E.coli, A. baumannii, P. aeruginosa, S. 
aureus/resistance to 3rd generation 
cephalosporins, ceftazidime, and 

oxacillin, respectively

The additional effect of the 
most common antimicrobial 

resistance patterns on mortality is 
comparatively low

Tabah et al[48] Prospective 
multicentre cohort 

study

1156 BSI 
BSI

Multiple isolates2/according to the 
ESCMID 

Resistance is associated with 
increased 28-d mortality

Patel et al[49] Prospective cohort 
matched case- 

control

  298 Variable infections  A. baumannii, K. pneumoniae, P. 
aeruginosa/susceptible to ≤ 1 

antimicrobial agent

Resistance not associated with 
mortality

Zilberberg et al[50] Single center 
retrospective 
cohort study

1076 BSI Variable gram-negative/Paeruginosa 
resistant to at least 3 antimicrobials,

ESBL, CPE 

Impact of MDR on inappropriate 
therapy/indirect effect on 

increased hospital mortality
Shorr et al[51] Retrospective 

cohort study
  131 BSI A. baumannii/carbapenem resistance Impact of carbapenem resistance 

on inappropriate therapy/indirect 
effect on mortality

Papadimitriou–
Olivgeris et al[52]

Single center study   273 Variable infections K. pneumoniae/resistance to 
gentamicin, colistin and/or 

tigecycline

Positive association with mortality

Dabar et al[53] 3-center, 
prospective cohort 

study

  120 Variable infections Variable pathogens/MDR P. 
aeruginosa: Resistance to at least 
3 of the following: Pseudomonas 

acting beta-lactams, carbapenems, 
aminoglycosides, and quinolones 

MDR P. aeruginosa infection 
was independent risk factor for 

mortality

Table 1  Studies describing mortality in intensive care unit patients with infections caused by multi-drug resistant bacteria vs  
susceptible
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Thirdly, different outcome definitions could have also 
influenced the results. For example, some studies assess 
the overall ICU mortality, while others the in-hospital 
or the attributable mortality[57]. Of note, whether the 
deaths in critically ill patients are directly attributable to 
antibiotic resistant infections cannot be easily evaluated 
since it is often subjected to the physicians’ clinical 
assessment. Finally, the small sample size of cases in 
some studies was a restricting factor for the detection of 
any significant difference. 

SPECIFIC METHODOLOGIC ISSUES 
Important methodologic issues addressing the choice 
of reference group might influence the conduct and the 
results of studies evaluating the relationship between 
acquisition of antimicrobial-resistant organisms and 
outcome, as discussed in detail elsewhere[57-59]. Briefly, 
instead of the standard case-control method, a case-
case-control study design has been proposed with 
two separate case-control analyses to overcome limi-
tations of the conventional studies assessing the effect 
of hospital or ICU-acquired infections by a particular 
pathogen. A complete analysis might include two gr-
oups of case patients; those infected with resistant 
pathogens and those with susceptible ones, compared 
with the control group, i.e., uninfected patients. To our 
knowledge, only few studies have included double-case 
patients in similar efforts and none of the studies that 
have been included in the present review.

SITES OF INFECTION
In several studies all patients infected with antimicrobial 
resistant gram-negative pathogens are analyzed to-
gether. This is due, in part, to the small size of studies; 
insufficient numbers of the patients included do not 
allow stratification. However, certain types of infection 
as pneumonia or peritonitis may carry greater mortality 
than other infection types[35,60,61]. Indeed, among 
bacteremic patients, high-risk source of bacteremia 
(including the lung, abdominal or unknown sources) 
were more prevalent among nonsurvivors[35,60].

ROLE OF VIRULENCE
Whether the association of antimicrobial resistance with 
an increased risk of death, found in some studies, is 
exclusively related to the risk of receiving inappropriate 
initial empirical antimicrobial treatment, or it is also 
related to a higher virulence of pathogens exhibiting 
higher MICs to certain antimicrobials is not clear[62]. 
Probably, this question cannot be answered by such 
type of clinical studies where different gram-negative 
bacteria of nonsimilar virulence are usually examined 
together[60]. For example, P. aeruginosa isolates are 
known to be extremely virulent; however, as it has 
been shown, MDR P. aeruginosa strains have impaired 
virulence when compared to susceptible ones[63].

Theoretically, an increased intrinsic virulence of 
resistant gram-negative strains could explain, at least in 
part, an adverse clinical outcome. However, to date, no 
studies have demonstrated such an association; thus, in 
general, antibiotic resistance is not believed to be itself 
a virulence factor as compared to similar susceptible 
species[57]. Nevertheless, in certain situations the 
antimicrobial resistance may be considered a “virulence 
like” factor in specific ecological niches which MDR 
bacteria are able to colonize. This is especially true in 
the ICU environment where MDR pathogens can cause 
disease more readily[64].

ROLE OF INITIAL APPROPRIATE 
ANTIMICROBIAL TREATMENT
Treatment factors may contribute to adverse outcomes 
in patients infected with a resistant pathogen[57].The 
importance of an early and appropriate antimicrobial 
treatment and its favorable impact on the clinical 
outcome is well known[60,65]. Inappropriate empirical 
antimicrobial therapy is one of the major confounders 
in studies aiming to assess the impact of MDR to 
mortality[32].

This issue was not assessed in sixteen out of the 
twenty-three studies included in the present review. In 
most studies which addressed this issue, the presence 
of MDR pathogens was an important factor for receiving 
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Dautzenberg et al[30]1 2-center 
prospective cohort 

study

132 Colonization CPE Higher hazard of dying (primarily 
because of an increased LOS)

Bass et al[54] Prospective
case-control study

168 BSI Gram-negative bacteria/carbapenem 
resistance

Increased mortality/combination 
therapy was associated with 

improve survival rate
Vardakas et al[55] Retrospective 140 Variable infections K. pneumonia/carbapenem resistance No difference in mortality

Cohort study
Martin-Loeches et 
al[56]

Prospective 
observetional 

study

VAP and HAP Variable/according to CDC/ECDC Patients with MDR bacteria had a 
higher mortality than those with 

no-MDR

1Colonization only; 2Gram–positive included. BSI: Blood stream infection; VAP: Ventilator associated pneumonia; MDR: Multidrug-resistant; ESCMID: 
European Society of Clinical Microbiology and Infectious Diseases; CPE: Carbapenem – producing enterobactaeriacae; ESBL: Extended spectrum beta 
lactamases; HAP: Hospital acquired pneumonia; ECDC: European Centre for Disease Prevention and Control; CDC: Centers for Disease Control and 
Prevention. 
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inappropriate empiric treatment. For example, in a 
recent study[51], the presence of carbapenem-resistant 
A.baumannii as the infectious pathogen more than 
doubled the risk of receiving non-initially appropriate 
antimicrobial treatment, compared to having a carba-
penem-susceptible isolate. 

Failure to receive appropriate therapy further in-
creases the risk of hospital mortality. In the EUROBACT 
study[48], even after controlling for adequacy of anti-
microbial treatment, antimicrobial resistance, along with 
the timing to adequate treatment, was an independent 
predictor of 28-d mortality. However, XDR or PDR 
resistance levels were not associated with higher 28-d 
mortality when compared with MDR levels. 

To our knowledge, this is the first review that focu-
ses exclusively on studies conducted in the critical care 
setting. Studies examining the impact of antimicrobial 
resistance on the outcome of hospitalized patients in 
general (either in the ICU or in the hospital wards) 
have also shown diverse results[66]. As a case in point, a 
prospective observational study, evaluating the impact 
of VIM production on the outcome of patients with K. 
pneumoniae bloodstream infections, showed that VIM 
production had no effect on mortality whereas in the 
subgroup of patients infected with VIM - producing 
K. pneumoniae, carbapenem resistance, advanced 
age and severity of underlying disease were independ-
ent predictors of adverse outcome. However, after 
adjustment for inappropriate therapy, the effect of 
carbapenem resistance on outcome was nonsignificant. 
Therefore, the higher mortality was probably media-
ted by the failure to provide effective antimicrobial 
therapy[67].

Finally, it should be noted that there is little data 
assessing whether being admitted to an ICU with high 
levels of antimicrobial resistance is associated with a 
worse outcome than being admitted to an ICU with 
low rates of resistance. A recent publication using data 
from the large, international EPIC Ⅱ study on infections 
in ICUs[1] showed that being hospitalized in an ICU in 
a region with high levels of antimicrobial resistance 
is not associated per se with a worse outcome[68]. In 
this study the selection of countries with high levels 
of antimicrobial resistance rates was made using re-
ported MRSA rates. According to the authors this could 
be considered as a selection bias because general 
resistance rates may have been different. 

CONCLUSION
Although mortality associated with gram-negative 
infections is high, data from the available literature do 
not confirm that there is a direct association between 
antimicrobial resistance and mortality in ICU patients. 
Appropriate antimicrobial administration remains of 
paramount importance. Due to papers’ limitations 
including the sample size and multiple confounders 
due to individual patient’s characteristics and different 
healthcare systems any conclusion should be carefully 

considered. These data support the need of further 
studies to elucidate the real impact of infections caused 
by resistant bacteria in ICU patients.
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Abstract
Acute respiratory distress syndrome (ARDS) is a syn-
drome with heterogeneous underlying pathological 
processes. It represents a common clinical problem in 
intensive care unit patients and it is characterized by 
high mortality. The mainstay of treatment for ARDS is 

lung protective ventilation with low tidal volumes and 
positive end-expiratory pressure sufficient for alveolar 
recruitment. Prone positioning is a supplementary 
strategy available in managing patients with ARDS. It 
was first described 40 years ago and it proves to be in 
alignment with two major ARDS pathophysiological lung 
models; the “sponge lung” - and the “shape matching” 
-model. Current evidence strongly supports that prone 
positioning has beneficial effects on gas exchange, 
respiratory mechanics, lung protection and hemody-
namics as it redistributes transpulmonary pressure, 
stress and strain throughout the lung and unloads the 
right ventricle. The factors that individually influence the 
time course of alveolar recruitment and the improvement 
in oxygenation during prone positioning have not been 
well characterized. Although patients’ response to 
prone positioning is quite variable and hard to predict, 
large randomized trials and recent meta-analyses show 
that prone position in conjunction with a lung-protec-
tive strategy, when performed early and in sufficient 
duration, may improve survival in patients with ARDS. 
This pathophysiology-based review and recent clinical 
evidence strongly support the use of prone positioning 
in the early management of severe ARDS systematically 
and not as a rescue maneuver or a last-ditch effort. 

Key words: Prone position; Acute respiratory distress 
syndrome; Mechanical ventilation; Ventilator-induced 
lung injury; Pathophysiology

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Lung protective ventilation has become the 
standard treatment strategy for patients with acute 
respiratory distress syndrome (ARDS). The physiological 
basis of prone positioning seems to act beneficially in 
most pathophysiological disorders of ARDS improving 
hemodynamics, gas exchange and respiratory mech-
anics. Moreover prone positioning seems to exert an 
additional beneficial effect against ventilator-induced 
lung injury. In patients with severe ARDS, early use of 
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prolonged prone positioning in conjunction with lung-
protective strategies decreases mortality significantly.

Koulouras V, Papathanakos G, Papathanasiou A, Nakos G. 
Efficacy of prone position in acute respiratory distress syndrome 
patients: A pathophysiology-based review. World J Crit Care 
Med 2016; 5(2): 121-136  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v5/i2/121.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i2.121

INTRODUCTION
The adult respiratory distress syndrome was first 
described during Vietnam War in 1960s as a new 
distinctive clinical entity of hypoxemic respiratory failure 
affecting both lungs. This term was later modified to 
acute respiratory distress syndrome (ARDS) charac
terized by a diffuse inflammatory condition of the lungs, 
decreased respiratory system compliance, bilateral 
pulmonary infiltrates and rapid onset of hypoxemic 
respiratory failure following a variety of lung insults.

ARDS is a clinical syndrome with heterogeneous 
underlying pathological processes; it can arise from 
direct (pulmonary) injury to the lung parenchyma 
or from indirect (extrapulmonary) systemic insults 
transmitted by circulation. Regardless of the underlying 
insult, the development of diffuse alveolar damage 
involves neutrophil activation and endothelial injury, 
leading to noncardiogenic pulmonary edema and 
atelectasis.

In 1994, the American and European Consensus 
Conference (AECC) established specific criteria for 
acute lung injury (ALI) and ARDS, with ARDS being the 
most severe form of the syndrome[1,2]. These criteria 
included acute onset, bilateral lung infiltrates on chest 
radiograph, no evidence of elevated left atrial pressure 
and severe hypoxaemia, assessed by the arterial 
oxygen tension to inspired oxygen fraction (PaO2/FiO2) 
ratio. According to these guidelines, ARDS existed 
when the PaO2/FiO2 ratio was ≤ 200 mmHg and ALI 
when the PaO2/FiO2 ratio was ≤ 300 mmHg. The AECC 
definition for ARDS remained the basis for enrollment in 
most of the landmark trials over the past 20 years. 

Based on the limitations of diagnostic reliability 
and stratification of patients with ARDS/ALI according 
to severity by AECC criteria, the European Society of 
Intensive Care Medicine proposed the Berlin ARDS 
definition in 2011 (Table 1). This new “Berlin” definition 
is not substantially different from the old, but defines 
the criteria more specifically including timing, chest ima
ging, origin of edema and oxygenation, and classifies 
the severity of disease on the basis of the degree of 
hypoxemia and positive endexpiratory pressure (PEEP) 
or continuous positive airway pressure (CPAP)[3]. 

ARDS represents a common clinical problem in 
intensive care unit patients[4]. It has a varying incidence 

from 57.2 in Europe to 33.8 new cases/100000 popul
ation/year in the United States (150000200000 cases/
year)[57]. In the ICU setting, 7%10% of admitted 
patients and 5%8% of the mechanically ventilated 
ones meet criteria for ALI/ARDS[8]. After continued 
progress in understanding ARDS pathophysiology and 
the application of lung protective ventilation, mortality 
rate significantly decreased from a rate of 65%70% in 
the early 1980s to 35%40% to date in RCTs and consis
tently higher in real word observational studies[7,9,10].

ARDS APPROACH: PROTECTIVE LUNG 
VENTILATION
The majority of patients with ARDS will require mech
anical ventilation. The goals of mechanical ventilation 
for ARDS patients are to minimize iatrogenic lung injury 
[ventilatorinduced lung injury (VILI)] while providing 
acceptable oxygenation and carbon dioxide (CO2) 
clearance.

Numerous studies provided clear evidence of 
large mortality benefit when patients with ARDS were 
ventilated with a lungprotective strategy: Avoidance of 
alveolar overdistention using tidal volumes of 6 mL/kg 
predicted body weight, with plateau pressures ≤ 30 
cmH2O, and allowing a low pH in order to achieve these 
targets[11,12].

A major and controversial aspect of mechanical 
ventilation regards PEEP; the appropriate levels of PEEP 
and proper method of titration remain controversial[1317]. 
Some authors recommend the lowest level (510 cm 
H2O) of PEEP to be used to support oxygenation and 
maintain FiO2 at or below 0.6. A recent metaanalysis, 
which included data from ALVEOLI, LOVS, and EXPRESS 
clinical trials, revealed that higher levels of PEEP were 
associated with improved survival and oxygenation 
among patients with moderate to severe ARDS[18,19].

ARDS AND PRONE POSITIONING
Conceptually, prone position may result to a more 
uniform distribution of lung stress and strain, leading to 
improved ventilationperfusion matching and regional 
improvement in lung and chest wall mechanics. Prior 
clinical trials showed that prone positioning improves 
oxygenation in patients with ARDS, without benefits in 
terms of survival[2022]. A recent multicenter prospective 
controlled trial (the PROSEVA study) showed that 
prone positioning decreased 28d and 90d mortality, 
increased ventilatorfree days and decreased time to 
extubation[23]. Based on these data, ventilation in the 
prone position is recommended for the first week in 
moderate to severe ARDS patients.

Other adjunctive strategies used in the ARDS 
setting include recruitment maneuvers, conservative 
fluid strategy[24], neuromuscular blocking agents[25], 
extracorporeal membrane oxygenation, highfrequency 
ventilation[26,27], corticosteroids[28], and inhaled pharma
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cologic agents. 
In this review article, we describe the ARDS pathop

hysiological models supporting the prone position, we 
highlight the physiological and lung protective effects of 
prone positioning and we review the most recent clinical 
trials on prone position in ARDS patients.

HISTORICAL BACKGROUND OF PRONE 
POSITION
The possible benefits of prone positioning were first 
speculated in 1974 from studies on the effects of 
sedation and paralysis on the diaphragm. Bryan et 
al[29] suggested that anaesthetized and paralyzed 
patients in the prone position should exhibit a better 
expansion of the dependent (dorsal) lung regions with 
consistent improvement in oxygenation, indicating 
prone’s potential beneficial impact on lung mechanics. 
Two years later, Piehl et al[30] reported dramatic effects 
on oxygenation improvement by prone position in five 
patients with ARDS and in the following year Douglas 
et al[31] reported similar findings in six ARDS patients, 
confirming that prone positioning could effectively 
improve oxygenation in this patient group. Although the 
first reports were very promising, the following years 
the clinical application of prone positioning in ARDS 
patients was not very popular. Not until 1986, when 
Maunder et al[32] with their chest computed tomography 
scans study challenged the previously commonly held 
assumption that ARDS is a homogeneous process 
(as usually shown by anteroposterior radiography), 
associated with generalized and relatively uniform 
damage to the alveolar capillary membrane. The same 
year Gattinoni et al[33] demonstrated that in ARDS, 
affected areas primarily occur in the dependent portion 
of the lung parenchyma. This was soon accompanied by 
the finding that in ARDS, respiratory compliance is also 
well correlated with the amount of normally aerated 
(nondependent) tissue and not with the amount of 
nonaerated (dependent) tissue[34]. ARDS lung is not 
stiff but “small” (“baby lung”), and the elasticity of 
the residual inflated lung is nearly normal. At first 

physicians, believed that “baby lung” was something 
well defined, constant and anatomically confined in 
the ventral (nondependent) regions of the lungs. 
They turned ARDS patients to the prone position, 
trying to redistribute the blood flow from the posterior 
unventilated lung to the previously nondependent baby 
lung, in order to improve lung’s perfusion, to minimize 
the resulted shunt and to improve the oxygenation[35,36]. 
Although the physiologic mechanisms leading to im
proved oxygenation during prone positioning proved to 
be different as first suggested, and the redistribution 
concerned the alveolar gas more, the interest in prone 
positioning remained strong and prone position proved 
to be beneficial for both oxygenation and outcome of 
ARDS patients.

ARDS PATHOPHYSIOLOGICAL LUNG 
MODELS SUPPORTING THE PRONE 
POSITION
From 1988 to 1991 computerized tomograms of 
ARDS patients being in the prone position revealed 
an unexpected finding: The disappearance of the 
posterobasal densities after prone positioning and their 
redistribution to the new dependent lung regions[37,38]. 

This finding changed the concept of “baby lung” from an 
anatomically confined to a functional entity, and led to 
the development of an early pathophysiological model 
known as “sponge lung” model[35,39].

When someone removes a sponge from the water 
and holds it flat, the water drains from it and then slows 
to a stop. If the sponge is turned from horizontal to 
vertical position, the drainage begins again and then 
slows again to a stop. As it slows, the sponge is not 
equally wet from top to bottom, with the top having 
more empty pores than the bottom. This is pretty much 
what the “sponge lung” model in ARDS patients sug
gested: Edema increases the lung weight and squeezes 
the gas out of the dependent lung regions producing 
alveolar collapse and increasing the CT densities in 
dependent regions (compression atelectasis)[40,41]; 
the size of open airway and the amount of gas decr
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Timing Within 1 wk of a known clinical insult or new or worsening respiratory symptoms
Chest imaging1 Bilateral opacities - not fully explained by effusions, lobar/lung collage, or nodules
Origin of edema Respiratory failure not fully explained by cardiac failure of fluid overload. Need objective assessment (e.g., echocardiography) 

to exclude hydrostatic edema if no risk factor present
Oxygenation2

   Mild 200 mmHg < PaO2/FiO2 ≤ 300 mmHg with PEEP or
CPAP ≥ 5 cmH2O3

   Moderate 100 mmHg < PaO2/FiO2 ≤ 200 mmHg with PEEP or 
CPAP ≥ 5 cmH2O

   Severe PaO2/FiO2 ≤ 100 mmHg with PEEP or CPAP ≥ 5 cmH2O

Table 1  The Berlin definition of the acute respiratory distress syndrome

1Chest radiograph or computed tomography scan; 2If attitude is higher than 1000 m, the correction factor should be calculated as follows: [PaO2/FiO2 × 
(barometric pressure/760)]. 3This may be delivered noninvasively in the mild acute respiratory distress syndrome group. CPAP: Continuous positive 
airway pressure; FiO2: Fraction of inspired oxygen; PaO2: Partial pressure of arterial oxygen; PEEP: Positive-end expiratory pressure. 
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the chest cavity act to the same direction having a 
detrimental effect on dependent alveolar units. On the 
contrary, in ARDS patients, who are turned in the prone 
position, shape matching counterbalances gravity and 
superimposed pressure allowing a more homogeneous 
inflation of the dependent lung areas (Figure 1). In 
addition, prone position eliminates compression of the 
lungs by the heart[47,48] and relieves the dependent lung 
area from the abdominal pressure[45,49].

The “shape matching” model enlightens two aspects 
of prone positioning. If lungs would not have a conical 
shape and were just symmetrical, the degree of shunt 
and hypoxia would not vary between supine and prone 
position if perfusion would remain the same. After 
the rotation of the patient to the prone position the 
shunt lessens and the oxygenation improves because 
the recruitment of the dorsal areas overcomes the 
derecruitment of the ventral regions due to “shape 
matching”[44]. Secondly this model takes into account 
an inherent nonuniform alveolar stress that is not 
gravitationally determined and explains in part why 
the application of prone positioning diminishes alveolar 
hyperinflation and protects the lungs from high shearing 
forces and eventually from ventilator induced lung 
injury (VILI)[50].

PHYSIOLOGICAL EFFECTS OF PRONE 
POSITIONING
Effects of prone position on gas exchange 
Oxygenation: It is well known that there is normally a 
regional difference in intrapleural pressure, being more 
subatmospheric at the apex and at the nondependent 
lung areas. This is clearly a gravity dependent pheno
menon and results in exponentially regional differences 
in transpulmonary pressure and thus in the size of 
alveoli; the transpulmonary pressure, i.e., the distending 
forces of the lung, decreases along the ventraltodorsal 
axis and the size of the alveolar units decreases toward 
the dependent areas.

It was found that by turning the patient to the prone 
position due to thoraciclung shape modifications the 
intrapleural pressure becomes less negative in non

eases along the vertical axis. Although in ARDS the 
edema has a nongravitational distribution and is 
quite homogeneously distributed throughout the lung 
parenchyma[40,42], the “sponge lung” model provided, 
at that time, a satisfying explanation for three different 
things. Firstly, how the increased lung mass in ARDS 
patients due to edema and the increased superimposed 
pressure, including the heart weight squeeze out the 
gas of the gravitydependent lung regions leading 
to loss of lung aeration[35]. Secondly, why the lung 
densities shift from dorsal to ventral regions during 
prone position in ARDS lung[37,43]: The superimposed 
hydrostatic pressure is reversed and the ventral regions, 
as the result of the gravitational forces, are newly 
compressed (this can happen within minutes). And 
thirdly, “sponge lung” model explained the mechanism 
through which PEEP acts as a counterforce to oppose 
the collapsing, compressing forces: PEEP greater than 
the superimposed pressure keeps the most dependent 
lung regions open[36,41].

Some years later the “sponge lung” model and the 
opinion that in ARDS patients the lung edema causes 
the lung to collapse under its own weight in dependent 
regions was challenged as a hypothesis by some 
authors[44,45] and a new supplementary hypothesis was 
proposed. In ARDS patients in supine position, the 
dependent areas of the lung collapse not only due to 
edema and the increased superimposed pressure but 
also due to the different shape existing between the 
lung and the chest wall and the resulted nonhomogene
ous expansion of alveolar units. The isolated lung 
normally has a conical shape with the dependent side 
being bigger than the nondependent side (in supine 
position). On the other hand, the chest wall has a 
cylindrical shape and the problem proves to be a shape
matching problem (the fitting of an elastic cone into 
a rigid cylinder). Because the two structures have the 
same volume, the lung must expand its upper regions 
more than the lower ones and this condition results to 
a greater expansion of the nondependent alveolar units 
or otherwise to a lesser expansion of the dependent 
ones[46]. In ARDS patients who are in supine position, 
the gravitational forces, the increased superimposed 
pressure, and the shape matching of the lung into 
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Figure 1  Relationship between gravity, superimposed pressure and shape matching. A: In supine position gravity, superimposed pressure, and shape matching 
act to the same detrimental direction; B: In prone position, shape matching counterbalances gravity and superimposed pressure allowing a more homogeneous 
inflation of the dependent lung areas.
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dependent and less positive in dependent regions[51,52]. 
The net effect of prone positioning is not only the 
increase of regional inflation distribution in dorsal 
regions and decrease in ventral regions respectively, 
but intrapleural pressure, transpulmonary pressure 
and regional inflation distribution become more homo
geneous throughout the lung (Figure 2)[53]. It was early 
suggested that this could be explained by the reversal 
of lung weight gradients, the direct transmission of 
the weight of the heart to subjacent regions, direct 
transmission of the weight of abdominal contents 
to caudal regions of the dorsal lung and/or regional 
mechanical properties and shape of the chest wall and 
lung[54].

In addition, although in healthy lung pulmonary 
perfusion is distributed along a ventraldorsal gradient 
and progressively increases down the lung, data 
suggest that in the diseased lung, blood flow is being 
diverted toward the nondependent regions. This is 
caused by several mechanisms including hypoxic 
vasoconstriction, vessel obliteration and extrinsic vessel 
compression[5557]. Also, human and animal studies have 
shown that in the conversion from the supine to prone 
ventilation, pulmonary blood flow in dorsal regions 
of the lung is maintained unmodified and prevalent 
in lung dorsal areas (Figure 2)[46,53,5863]. Besides, in 
patients with ARDS, the increased lung weight due to 
serious inflammation and pulmonary edema would 
act also as hypergravity to squeeze the blood flow 
as well as ventilation out of the dependent area to 
the nondependent region[16,64]. Thus, the reduction in 

intrapulmonary shunt and the increase in oxygenation 
observed in patients with ARDS who are turned in the 
prone position mainly results from better ventilated 
wellperfused lung areas with dorsal recruitment being 
in parallel greater than ventral derecruitment (Figure 
2)[36,51,53]. Animal data had early suggested that during 
prone position homogeneity of ventilation increases 
V/Q as well as the correlation between regional ventil
ation and perfusion[65]. Very important is the finding 
that prone position, when combined, is followed by 
an improved and/or a more sustained response to 
recruiting maneuvers[50,6668].

Albert et al[47] in their study determined the fraction 
of lung that might be subjected to the weight of the 
heart when patients are in the supine vs the prone 
position. The study included only nonARDS patients, 
but it was found that turning patients to the prone 
position eliminates the compressive force of the heart 
on dorsal lung regions redirecting it to only a small 
portion of the ventral lung regions (Figure 3). This is 
in agreement with the results of previous studies. In a 
study conducted by our group it was shown that ARDS 
patients with congestive heart failure and cardiomegaly 
after being turned to the prone positioning exhibited 
a significant, rapid, and persistent improvement in 
oxygenation. This improvement could be partly due to 
the decompression of the left lower lobe by the enlarged 
heart[69]. Wiener et al[70] had early found that patients 
with cardiomegaly exhibited reduced left mid and 
lower zone ventilation in the supine but not in the prone 
position.
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Figure 2  A summary showing the sequential effects of prone position on acute respiratory distress syndrome diseased lung. A: Original shape of the 
isolated lung; the dorsal side is bigger than the ventral one (no gravity); B: The result of shape matching: alveolar units have bigger size ventrally and smaller size 
dorsally (no gravity); C: The additive effect of gravity on ventilation and perfusion: blood flow is being diverted toward dependent regions, while dependent pulmonary 
units close; D: Immediately after turning to the prone position, pulmonary blood flow in dorsal regions of the lung is maintained unmodified; E: Dorsal lung recruitment 
follows (greater than ventral de-recruitment), gravitational forces compress the ventral region, but this effect is damped by regional expansion due to shape matching; F: 
Transpulmonary pressure and regional inflation distribution become more homogeneous throughout the lung resulting finally to better oxygenation.
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It is worth to mention that the interaction between 
PEEP and posture on regional distribution of ventilation 
was recently examined in anesthetized human volun
teers. It was found that after the addition of PEEP in the 
prone position there is a much greater redistribution to 
ventral areas for blood flow than for ventilation, causing 
increased V/Q mismatch. In the study of Petersson et 
al[71], without PEEP, the vertical ventilationtoperfusion 
gradient was less in prone postures than in supine, but 
with PEEP, the gradient was similar. Although this finding 
supports prior studies, which have shown that lower 
PEEP is needed to maintain oxygenation in the prone 
posture than in the supine[66,72], reductions of PEEP are 
inappropriate, at least when V/Q matching and systemic 
oxygenation are being evaluated[73,74]. 

CO2 clearance: During the course of ARDS the CO2 
clearance is becoming impaired due to structural 
changes of the lung[7577] and the increase in dead space 
proves to be a prognostic marker of ARDS mortali
ty[78]. Interestingly, turning the ARDS patient to prone 
position does not always result in decrease in arterial 
CO2 because the presence of aerated alveoli doesn’t 
necessarily mean that they are also well ventilated. 
In fact, it has been suggested that oxygen and carbon 
dioxide responses to prone position are independent 
and a decrease in PaCO2 to the first pronation rather 
than an increase in PaO2/FiO2, is significantly associated 
with lung recruitability and a better outcome[79,80]. 

It has been proposed that in PaCO2 nonresponders, 
the primary mechanism of the PaO2 increase is diver
sion of the blood flow, whereas in PaCO2 responders 
the primary mechanism is greater dorsal recruitment 
in comparison to ventral derecruitment, combined 
with reduced alveolar overinflation[46,79]. The PaCO2 
responders seem to have a higher potential to be recr
uited with prone positioning than with nonresponders, 
revealing a difference in underlying lung pathologies[81]. 
It has also been suggested that when PaO2 increases 
and PaCO2 does not simultaneously decrease, it is a sign 
that either cardiac output is lowered or alveolar dead 
space ventilation is increased by PEEP, reflecting lung 

overdistention[63]. 

EFFECTS OF PRONE POSITION ON 
RESPIRATORY MECHANICS 
Total respiratory system mechanics in general are not 
modified during prone position and it has been shown 
that respiratory mechanics improve after returning 
to supine position, suggesting the potential beneficial 
structural effects of prone positioning[20,54]. Although 
chest wall compliance decreases[20,40] prone position 
does not affect total respiratory system compliance[54]. 
The only exception may be patients with secondary 
ARDS (nonpulmonary insult), who have shown an 
increase in respiratory system compliance[22,82,83].

EFFECTS OF PRONE POSITION ON 
STRESS/STRAIN AND VILI
Low tidal volume ventilation[11], high PEEP and recruit
ment maneuvers are commonly used in the ARDS 
setting as protective ventilation strategies to minimize 
lung overdistention and ventilation heterogeneity, but 
ventilation at low tidal volumes can also cause injury 
through repetitive opening and closing of the small 
airways and lung units[84,85], effects on surfactant 
function[86], and regional hypoxia[87]. Stress is the 
tension developed in the lungs’ fibrous skeleton when 
a distending force is applied, and strain is the volume 
increase caused by the applied force relative to the 
resting volume of the lungs[88]. The clinical equivalent 
of stress is transpulmonary pressure (airway pressure 
minus pleural pressure) and the clinical equivalent 
of strain is the ratio of volume change (ΔV) to the 
functional residual capacity (FRC), which is the resting 
lung volume[89]. Under mechanical ventilation with PEEP, 
lung strain may be calculated as: Strain = (VT + PEEP 
volume)/FRC, and stress and strain are linked by the 
formula: Stress = k x strain, where k is the lungspecific 
elastance (approximately equal 13 cmH2O in either 
healthy or acutely injured lungs)[8991].
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Figure 3  Prone positioning allows the heart to lay on the sternum and the compressive force of the heart on dorsal lung regions to be eliminated.
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As already mentioned, prone positioning results to 
a more homogeneous distribution of transpulmonary 
pressure and regional inflation throughout the lung. 
By favoring such a homogenization, turning ARDS 
patients to prone position could help eliminate lung 
overdistention, which proves to be the main compon
ent of VILI (volutrauma). In the prone position, air is 
distributed more homogeneously throughout the lungs, 
and stress and strain are decreased. Indeed, there 
are several levels of evidence supporting the preven
tive effect of prone position on VILI. Animal studies 
suggest that prone positioning decreases or delays 
the progression of VILI[9295], while human studies 
have confirmed the relevant beneficial effect of prone 
positioning in the ARDS setting. In a study conducted 
by our group, Galiatsou et al[50] compared lung CT scans 
in ARDS patients in supine and prone position and 
found that prone position is associated with significant 
alveolar recruitment and less hyperinflation compared 
to the supine position; this process was more prevalent 
in lobar than in diffuse ARDS patients. This finding 
was confirmed and even more extended in the study 
by Cornejo et al[96]; the authors concluded that prone 
positioning enchases lung recruitment and decreases tidal 
hyperinflation, even in those ARDS patients classified 
as having low potential for lung recruitment. The same 
study also suggested that prone positioning decreases 
alveolar instability and cyclic alveolar recruitment/
derecruitment. This proves to be particularly important, 
as intraairway shear forces due to cyclical airspace 
opening and closing of airway and pulmonary units 
result to injury of airway epithelial cells (atelectrauma), 
which is the second component of VILI pathogenesis[90].

Another component of VILI is biotrauma (lung inflam
mation). It follows the application of unphysiological 
mechanical forces to lung tissue, the release of proin
flammatory cytokines and the recruitment of white cells; 
it can lead to multiorgan failure[88,97]. Papazian et al[98] 
compared neutrophil counts and interleukin8 levels 
in the bronchoalveolar lavage fluid of ARDS patients 
being in the supine and in the prone position and found 
that prone position reduced lung inflammation in ARDS 
patients. In an experimental study conducted by our 
group, we examined whether the prone position of the 
patients affects histological changes and apoptosis in 
the lung and “end organs”, including the brain, heart, 
diaphragm, liver, kidneys and small intestine. We found 
that prone position appears to reduce the severity 
and the extent of lung injury, and is associated with 
decreased apoptosis in the lung and “end organs”[99]. 
It is also known that mechanical ventilation induces 
heterogeneous lung injury by mitogenactivated protein 
kinase (MAPK). Park et al[100] in their experimental study 
on rodent lungs exposed to injurious ventilation found 
that the prone positioning has a protective lung effect 
by increasing the expression of MAPKphosphatase 1, 
while the supine position has an opposite effect.

The prone positioning has extra protective lung 

effects: It improves the mobilization and postural 
drainage of secretions from the posterior lung segme
nts[54,101103], and it has been shown to reduce the risk of 
ventilatorassociated pneumonia (VAP)[76,104108]. Finally, 
by enchasing oxygenation, proning reduces the need of 
sustaining high toxic levels of inspired oxygen[109].

EFFECTS OF PRONE POSITION ON 
HEMODYNAMICS AND HEMODYNAMIC 
MONITORING
VieillardBaron et al[110] investigated the shortterm 
effects of prone positioning on right ventricular function 
in patients with severe ARDS and it was found that 
proning unloads the right ventricle by decreasing right 
ventricular enlargement and mean septal dyskinesia. 
Recently, Jozwiack et al[111] confirmed the beneficial 
hemodynamic effects of prone positioning in patients 
with ARDS as it was shown that prone positioning 
increases cardiac preload, reduces right ventricular 
afterload and increases left ventricular preload; this 
resulted to increased cardiac index only in patients 
with preload reserve. During the prone positioning, 
pulmonary arterial occlusion pressure is also increased 
and the transpulmonary pressure gradient (the 
difference of mean pulmonary arterial pressure relative 
to pulmonary artery occlusion pressure) is reduced[111]. 
Elevated transpulmonary pressure gradient defines 
pulmonary vascular dysfunction and is independently 
related to increased ARDS mortality[51,112,113]. Besides, 
the increased pulmonary arterial occlusion pressure 
transfers some lung regions from West zone 2 to zone 
3, thus having the potential to decrease dead space 
ventilation, another factor independently related to 
ARDS mortality[51,78,111]. Prone positioning serves both 
the lung and the “right ventricle protective approach” of 
mechanical ventilation[112]. 

Brücken et al[114] investigated the influence of prone 
positioning on the measurement of transpulmonary 
thermodilutionderived variables in ARDS patients and 
found that although extravascular lung water index 
(EVLWI) and global enddiastolic volume index measure
ments are possibly influenced by prone positioning, 
the differences are minor and presumably of no clinical 
relevance. The positive effect of prone positioning on 
EVLWI was demonstrated by McAuley et al[115], where 
an initial transient increase was followed by a statisti
cally significant decrease on EVLWI.

Grensenmann et al[116] investigated the influence 
of modified prone positioning (135°) on the accuracy 
of pulse contourderived calibrated cardiac index and 
uncalibrated cardiac index in ARDS patient with trans
pulmonary thermodilution as reference technique. 
They found that the prone positioning only marginally 
influences calibrated pulse contourderived cardiac index 
measurements, while uncalibrated pulse contour ana
lysis showed a degree of error higher than considered 
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acceptable[116].

CLINICAL RESPONSE TO PRONE 
POSITIONING
Although prone positioning in ARDS setting is generally 
associated with increased arterial oxygenation, the truth 
is that patients’ response is quite variable and hard to 
predict. There are few patients, who after being turned 
to the prone position show no improvement at all or 
even a deterioration. 

According to arterial blood gas changes after their 
proning, ARDS patients can be classified as “responders” 
or not “responders”; “PaO2 responders” are those 
whose PaO2/FiO2 ratio increases by at least 20% or by 
≥ 20 mmHg, whereas PaCO2 responders are those 
whose PaCO2 decreases by ≥ 1 mmHg. These are the 
thresholds most selected in previous studies[69,79,102,117121]. 
Expected PaCO2 changes are relatively smaller than PaO2 

changes because of the different slopes of the content/
tension relationship. 

ARDS responders can also be classified as “persistent” 
or “not persistent” based upon whether arterial oxy
genation is partially maintained or not respectively when 
they are turned supine again[37,102]. These patients may 
exhibit one of three different responses: (1) Display an 
improved oxygenation compared to prone positioning; 
(2) maintain a good oxygenation compared to how 
they were before prone positioning, but not so good 
as during prone (the majority of the patients); and 
(3) display a deterioration and return to basal supine 
oxygenation. The last patients are also called “prone 
dependent”[122]. When a patient is turned to the prone 
position repeatedly or the prone position is prolonged, 
the effect of prone positioning may change with time 
and be highly variable (during prone position the 
patient can unpredictably display either improvement or 
deterioration in oxygenation). 

Unfortunately, the factors that influence the time 
course of alveolar recruitment and the improvement 
in oxygenation during prone positioning have not been 
well characterized. These may include the stage of 
ARDS (early vs late), the cause (pulmonary vs extra
pulmonary), the radiologic pattern (patchy vs diffuse), 
the severity of hypoxia, the size of initial intrapulmonary 
shunt, and the patient’s body habitus[22,123129]. Morpho
logical characteristics from CT scans have also failed to 
predict the response to prone positioning[130]. Although 
patient’s response remains still unpredictable, a trial of 
prone positioning should be performed in all suitable 
candidates.

Our group has examined the effect of prone posi
tioning in patients with persistent hypoxemia having 
either hydrostatic pulmonary edema (HPE), ARDS 
or pulmonary fibrosis[69]. All patients with HPE and 
75% of patients with ARDS exhibited improvement of 
oxygenation when positioned prone. In contrast none 
of the patients with pulmonary fibrosis responded 

favorably to prone positioning. We have also found that 
patients with HPE and early ARDS responded better 
to prone positioning than patients with late ARDS 
and pulmonary fibrosis did. This suggests that prone 
positioning should be applied as early as possible after 
the onset of the disease when edema, lung recruitability, 
and absence of structural alterations of the lung are 
most represented[22,69].

EFFECT OF PRONE POSITIONING ON 
CLINICAL OUTCOME - MORTALITY
Prone positioning in ARDS patients with refractory 
hypoxemia has been studied for over three decades and 
more than 300 articles can be found in PUBMED under 
the terms “prone position” and “ARDS”. In recent years, 
several clinical studies have evaluated the safety and 
efficacy of prone positioning in mechanically ventilated 
patients with ARDS, but only few were randomized and 
enrolled an adequate number of patients[23,73,75,76,131]. 
Former studies on prone positioning had several limi
tations. Small sample size, initiation of positioning, 
length of time and type of proning, and the absence of 
use of lung protective ventilation in conjunction with 
proning were identified as limitations.

Gattinoni et al[75] studied 304 patients with ARDS 
and PaO2/FiO2 ratio less than 200 mmHg as an inclusion 
criterion. Patients were randomized in conventional 
treatment (in the supine position) and predefined 
strategy of placing patients in a prone position for six or 
more hours daily for 10 d. Although prone positioning 
improved oxygenation of patients, the relative risk of 
death did not significantly differ between the two study 
groups: In the prone group as compared with the 
supine group the relative risk was 0.84 at the end of the 
study period (95%CI: 0.56 to 1.27), 1.05 at the time of 
discharge from the intensive care unit (95%CI: 0.84 to 
1.32), and 1.06 at six months (95%CI: 0.88 to 1.28). 
A significant limitation of this study was that no lung 
protective ventilation protocol was used[75].

Guerin et al[76] included 802 patients with acute 
respiratory failure and PaO2/FiO2 ratio less than 300 
mmHg in a prospective, unblinded, multicenter con
trolled trial. Patients were randomly assigned to prone 
positioning, that was applied as early as possible for at 
least 8 h/d, or to supine positioning. In this study, prone 
positioning improved oxygenation and reduced the risk 
of VAP, but no significant difference between the two 
study groups was evident in regard to mortality. A lung 
protective ventilation protocol was not used in this study 
as well[76].

Mancebo et al[132] enrolled 136 patients with 
severe ARDS (mean PaO2/FiO2 ratio 105 mmHg) and 
randomized them to prone or supine positioning. In this 
study, the duration of prone was significantly higher 
in comparison to the previously mentioned trials. In 
particular, the prone group was targeted to receive 
continuous prone ventilation treatment for 20 h/d contin
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uously until the patients were ready for weaning from 
mechanical ventilation. In addition, a lung protective 
ventilation protocol was used. According to the results 
of this trial, prone positioning followed a trend for 
reduced ICU mortality although the difference was not 
statistically significant[132].

In The ProneSupine Ⅱ study, a multicenter, un
blinded, randomized controlled trial, Taccone et al[73] 
assigned 342 adult patients with ARDS, receiving mec
hanical ventilation, with a lung protective protocol, to 
undergo either supine or prone (for 20 h/d) positioning 
during ventilation. In this study, the long duration of 
prone positioning failed to demonstrate any benefit on 
survival in all study patients[73].

The only study to date that showed that prone 
positioning improves mortality in ARDS patients is the 
Proning Severe ARDS Patients (PROSEVA) study[23]. The 
PROSEVA study is a randomized controlled trial designed 
to determine whether proneposition ventilation, applied 
early, would improve the outcome in patients with 
severe ARDS. In this study, 466 patients with severe 
ARDS (defined as a PaO2/FiO2 ratio < 150 mmHg) 
underwent either at least 16 h of prone positioning 
or were left in the supine position after 12 to 24 h of 
initial conventional mechanical ventilation. The primary 
outcome that was investigated was the rate of death at 
28 d. The unadjusted 28d mortality rate was 16.0% 
in the prone group compared with 32.8% in the supine 
group (P < 0.001)[23]. The distinctively different findings 
in the PROSEVA study can be attributed to several 
factors. According to the investigators, the improvement 
in the outcome found in this study compared to the 
previous ones was related to the shorter period of 
enrollment (less than 24 h since ARDS criteria were 
confirmed), the longer pronepositioning sessions used 
(the prone position was applied for 73% of the time 
ascribed to the intervention and was concentrated over a 
period of a few days) and the lung protective mechanical 
ventilation protocol than was applied[23].

The findings of the PROSEVA study are in accordance 
with the conclusions of recent metaanalyses including 
trials where prone positioning sessions and days of 
treatment were prolonged together with the use of lung 
protective ventilation protocol, with or without similar 
PEEP between the two strategies[12,133135]. All these 
metaanalyses showed an overall survival benefit of 
prone positioning[133,134,136138]. The benefit on survival 
in these metaanalyses was mainly evident when 
prolonged sessions of prone positioning were initiated 
in combination with small tidal volumes in patients with 
severe hypoxemia[133,134,136139]. Finally, in the most recent 
Cochrane review, Bloomfield et al[140] included a total 
of nine randomized clinical trials. In this metaanalysis, 
there was no convincing evidence of benefit nor harm 
from universal application of prone positioning in adults 
ARDS patients mechanically ventilated in intensive 
care units[140]. However, in the same review, in three 
subgroups, early implementation, prolonged adoption of 
prone positioning and severe hypoxemia at study entry, 

prone positioning may confer a statistically significant 
mortality advantage[140]. The basic characteristics of 
these metaanalyses are shown in Table 2. 

Clinicians intending to use prone positioning the
rapy face the question of optimal duration of prone 
positioning sessions, which still remains controversial. 
Early studies were characterized by short prone positio
ning session of no more than 10 h, ranging between 110 
h in the majority of the patients[75,76,134]. Later studies 
used prolonged session of prone positioning, usually 
more than 12 h[23,7275,137,139] showing better results on 
mortality or morbidity but the majority of them did not 
achieve statistical significance. In their metaanalysis, 
Beitler et al[134] stratified analysis by high (≥ 12 h/d) 
or low (< 12 h/d) proning dose and demonstrated a 
significant reduction in mortality with high doses (RR = 
0.71; 95%CI: 0.560.90; P = 0.004) but not low doses 
(RR = 1.05; 95%CI: 0.921.19; P = 0.472)[134]. Lee 
et al[137] showed a negative trend for overall mortality 
when the actual duration of prone positioning was 
longer, but the effect of the duration of prone positioning 
on mortality did not achieve statistical significance (RC 
= 0.037; 95%CI: 0.089 to 0.013; P = 0.130)[137].

Thus, although data regarding optimal exact duration 
of prone positioning is far from being sufficient, it seems 
that periods of more than 12 h of prone positioning are 
needed in order to improve outcome. According to our 
experience and the findings of the PROSEVA study, prol
onged duration of proning even more than 2436 h, or a 
protocol of short period (i.e., 12 h) of supine positioning 
for daily nursing care between 24h prone sessions 
for 35 d are safe and seems to improve outcome in 
patients with severe ARDS under lung protective mech
anical ventilation (unpublished preliminary data). 

In summary, despite former small nonrandomi
zed observational studies not showing any beneficial 
outcome in regard to prone position in ARDS patients, 
newer large randomized trials and recent metaanalyses 
show that prone position, when performed early and 
in sufficient duration, may improve survival in patients 
with severe hypoxemia and in patients ventilated with a 
restrict lung protective ventilation protocol characterized 
by small tidal volumes.

CONTRAINDICATIONS AND 
COMPLICATIONS OF PRONE 
POSITIONING
There are only few absolute contraindications to prone 
positioning, such as unstable vertebral fractures and 
unmonitored or significantly increased intracranial pres
sure. Hemodynamic and cardiac rhythm disturbances 
are strong relative contraindications, since immediate 
access for cardiopulmonary resuscitation is limited. 
Except for conditions that would make proning impra
ctical (e.g., the presence of external fixators), for other 
relative contraindications (Table 3) one should take into 
account the team expertise, and potential complications 
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should be weighed against the feasibility of recruiting a 
potentially lifesaving treatment[23,46,81,97,141146].

Although the safety of proning has long been a 
concern because of the risk of serious complications 

(Table 4), data from clinical studies indicate that the 
maneuver is safe and has a minimal risk profile when 
performed by skilled personnel and in wellselected 
patients[23,46,53,54,73,75,76,97,104,117,121,131,132,134,137,139,143145, 

147159]. The use of special devices and beds (e.g., Voll
man Proning Device or RotoProne™. Therapy System) 
can facilitate the mechanics of safe proning[81,142,158]. 
Manual prone positioning proves to be costeffective 
since it can be achieved with a sheet or an assistive 
device (e.g., Vollman Proning Device). It is a simple 

May 4, 2016|Volume 5|Issue 2|

Meta-analysis No. of studies included Total 
number of 
patients

Main findings

Sud et al[138]   10   1867 Prone ventilation reduces mortality in patients with severe hypoxemia
Gattinoni et al[136]     4   1573 The individual patient meta-analysis of the four major clinical trials available clearly 

shows that with prone positioning, the absolute mortality of severely hypoxemic ARDS 
patients may be reduced by approximately 10%

Lee et al[137]   11   2246 Ventilation in the prone position significantly reduced overall mortality in patients with 
severe acute respiratory distress syndrome. Sufficient duration of prone positioning 

was statistically significant in associated with a reduction in overall mortality
Beitler et al[134]     7   2119 Prone positioning was associated with a significant decrease in RR of death only among 

studies with low baseline tidal volume
Tonelli et al[133] 159 20671 Limited supportive evidence that specific interventions can decrease mortality in 

ARDS, while low tidal volumes and prone positioning in severe ARDS seem effective(93 with overall mortality 
reported)

(44 trials reported mortality 
as a primary outcome)

Park et al[139]     8   2141 Prone positioning tends to reduce the mortality rates in ARDS patients, especially 
when used in conjunction with a lung protective strategy and longer prone position 

durations. Prone positioning for ARDS patients should be prioritized over other 
invasive procedures because related life-threatening complications are rare

Bloomfield et al[140]     9   2165 No convincing evidence of benefit nor harm from universal application of prone 
positioning in adults with hypoxaemia mechanically ventilated in intensive care units 

Three subgroups (early implementation of prone positioning, prolonged adoption 
of prone positioning and severe hypoxaemia at study entry) suggested that prone 

positioning may confer a statistically significant mortality advantage

Table 2  Meta-analyses on prone position in acute respiratory distress syndrome patients

ARDS: Acute respiratory distress syndrome.

Absolute
   Unmonitored or significantly increased intracranial pressure 
   Unstable vertebral fractures
Relative
   Difficult airway management 
   Tracheal surgery or sternotomy during the previous 15 d
   New tracheostomy (less than 24 h)
   Single anterior chest tube with air leaks 
   Serious facial trauma or facial surgery during the previous 15 d 
   Increased intraocular pressure 
   Hemodynamic instability or recent cardiopulmonary arrest 
   Cardiac pacemaker inserted in the last 2 d
   Ventricular assist device
   Intra-aortic balloon pump
   Deep venous thrombosis treated for less than 2 d
   Massive hemoptysis requiring an immediate surgical or interventional 
radiology procedure 
   Continuous dialysis
   Severe chest wall lesions ± rib fractures
   Recent cardiothoracic surgery/unstable mediastinum or open chest
   Multiple trauma with unstabilized fractures 
   Femur, or pelvic fractures ± external pelvic fixation
   Pregnant women
   Recent abdominal surgery or stoma formation
   Kyphoscoliosis
   Advanced osteoarthritis or rheumatoid arthritis
   Body weight greater than 135 kg

Table 3  Absolute and relative contraindications to prone 
positioning

Edema (facial, airway, limbs, thorax)
Pressure sores 
Conjunctival hemorrhage
Compression of nerves and retinal vessels
Endotracheal tube dislocation (main stem intubation or non-scheduled 
extubation), obstruction or kinking
Airway suctioning difficulty
Transient hypotension or oxygen desaturation
Worsening gas exchange 
Pneumothorax
Thoracic drain kinking or obstruction 
Cardiac events
Inadvertent dislodging of Swan-Ganz catheter 
Vascular catheter kinking or removal
Vascular catheter malfunction during continuous veno-venous 
hemofiltration
Deep venous thrombosis 
Urinary bladder catheter or nasogastric feeding tube displacement
Enteral nutrition intolerance; vomiting; feeding complications
Need for increased sedation or muscle paralysis
Difficulty in instituting cardiopulmonary resuscitation

Table 4  Potential complications of prone positioning
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technique and allows full access to the patient. The 
main disadvantage of the method is that it requires 
additional highly skilled nursing resources. The patient’s 
size and the number of lines will eventually determine 
the number of people required for the turn; it can 
take four or more staff members to accomplish safely. 
On the other hand, automated pronepositioning 
needs one man, minimizes risk during turning and 
can provide continuous rotation if required according 
to patient’s needs and responses. Unfortunately, the 
cost of automated pronepositioning beds is very high. 
Besides, quick access to the patient and abdomen 
release during mechanical ventilation in prone position 
are also a concern. To the best of our knowledge, in the 
literature there are no studies comparing manual and 
automated prone positioning and the user experience 
for automated prone positioning remains limited.

CONCLUSION
This review strongly supports the use of prone positi
oning in the early management of ARDS systematically 
and not as a rescue maneuver or a lastditch effort. 
Large randomized trials and recent metaanalyses 
show that prone position, when performed early and in 
sufficient duration, may improve survival in patients with 
severe ARDS and in patients ventilated with a restrict 
lung protective ventilation protocol characterized by 
small tidal volumes. The physiological basis of prone 
positioning seems to act beneficially in most pathophy
siological disorders of ARDS improving hemodynamics, 
gas exchange and respiratory mechanics. Moreover 
prone positioning seems to exert an additional beneficial 
effect against ventilatorinduced lung injury. The mech
anisms by which prone positioning improves with 
survival, are likely related to its physiologic effects.
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Abstract
Central venous catheters are commonly used in critically 
ill patients. Such catheterization may entail mechanical 
and infectious complications. The interest in catheter-
related infection lies in the morbidity, mortality and 
costs that it involved. Numerous contributions have 
been made in the prevention of catheter-related infe-
ction and the current review focuses on the possible 

current role of antimicrobial impregnated catheters to 
reduce catheter-related bloodstream infections (CRBSI). 
There is evidence that the use of chlorhexidine-silver 
sulfadiazine (CHSS), rifampicin-minocycline, or rifam-
picin-miconazol impregnated catheters reduce the 
incidence of CRBSI and costs. In addition, there are 
some clinical circumstances associated with higher risk 
of CRBSI, such as the venous catheter access and the 
presence of tracheostomy. Current guidelines for the 
prevention of CRBSI recommended the use of a CHSS 
or rifampicin-minocycline impregnated catheter in 
patients whose catheter is expected to remain in place 
> 5 d and if the CRBSI rate has not decreased after 
implementation of a comprehensive strategy to reduce 
it.

Key words: Catheter; Venous; Prevention; Impregnated; 
Bloodstream
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Core tip: The catheter-related bloodstream infections 
(CRBSI) are associated with an increase of mortality 
and costs. Thus it is necessary to adopt preventive 
measures to reduce it. In my opinion of view, the use of 
antimicrobial impregnated catheters could be considered 
in some clinical circumstances associated with higher 
risk of CRBSI, such as vascular accesses with higher 
risk of CRBSI (such as internal jugular venous site with 
tracheostomy or femoral venous site) or patients with 
higher risk of CRBSI (such as immunocompromised 
patients or patients with disorders of skin integrity).
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INTRODUCTION
Some central venous catheter (CVC) could be needed 
by different reasons, such as administration of fluids, 
parenteral nutrition, blood products, medications and/or 
monitor the hemodynamic status. Critically ill patients 
frequently needed some CVC, and the 78% of them 
had inserted some CVC[1]. The catheterization of CVC 
may have different complications, such as infection, 
thrombosis and haemorrhage[2]. Catheter-related infe-
ction lead to an increase of mortality, morbidity, and 
costs[3-10].

Numerous contributions have been made to analyse 
the efficacy of different measures to prevent catheter-
related infection[11]. In addition, there have been found 
that the implementation of different bundles have 
reduced the incidence of catheter-related bloodstream 
infections (CRBSI)[12-15]. This review focuses on the 
possible current role of antimicrobial impregnated 
catheters to reduce CRBSI. 

bUNDles TO ReDUCe CRbsI
The first published experience reducing CRBSI with the 
implementation of a bundle was that by Pronovost et 
al[12], and afterwards other experiences reported lower 
CRBSI incidence with the implementation of bundles 
with this proposal[13-15]. 

The Keystone Intensive Care Unit (ICU) project by 
Pronovost et al[12] was carried out in the Michigan state 
in 103 ICUs between March 2004 and September 2005. 
In this project was found that 3 mo after intervention 
implementation was reduced the median incidence of 
CRBSI from 2.7 (mean of 7.7) infections per 1000 d of 
catheter to 0 (mean of 2.3) (P ≤ 0.002) and that during 
the follow-up of 18 mo was maintained at 0 (mean of 
1.4). The prevention measures were avoid the femoral 
site if possible, the use of full-barrier precautions for 
CVC insertion, hand washing, chlorhexidine to clean 
the skin, and remove unnecessary CVC. In addition, 
an intervention to ventilator-associated pneumonia 
prevention, the use of a daily goals sheet to improve 
the communication between clinician within the ICU, 
and a program to improve the safety culture were 
implemented.

Afterwards to Michigan experience was carried out 
the Spanish experience, which was developed in 192 
ICUs between April 2008 and June 2010[13]. The bundle 
to reduce CRBSI proposed by BZ project included the 
subclavian venous access as the site of choice (while 
in Keystone project was recommended to avoid the 
femoral venous site) and added a measure on the 
catheter maintenance (such isopropyl alcohol 70° to 
clean injection ports system and reduce the handling 
of hubs). In this project was found, that after 18 mo of 
intervention implementation, a significant decrease (P < 
0.001) on the overall median CRBSI rate from 3.07 to 
1.12 infections per 1000 catheter-days.

There are other experiences showing the beneficial 

effect of the implementation of bundles to reduce 
CRBSI incidence. In a project in 29 pediatric ICUs 
across the United States, carried out between October 
2006 to September 2007, the implementation of a 
bundle reduce CRBSI incidence from 5.4 vs 3.1 per 
1000 catheter-days (P < 0.001)[14]. In other project in 
12 ICUs across the United States, the CRBSI incidence 
decreased from 11.2 to 8.9 infections per 1000 
catheter-days (RR = 0.79; 95%CI: 0.67-0.93) after the 
implementation of a bundle[15].

evIDeNCe ON ANTImICRObIAl- 
ImpRegNATeD CATheTeRs
CVC impregnated in antimicrobial agents, such as 
cefazolin, vancomycin, chlorhexidine-silver sulfadiazine 
(CHSS), rifampicin-minocycline, or rifampicin-miconazol, 
has been proposed for the prevention of CRBSI[16].

First generation of CVC impregnated in CHSS (external 
surface impregnation) compared with non impregnated 
catheters have reduced CRBSI risk in a meta-analysis (OR 
= 0.56; 95%CI: 0.37-0.84; P = 0.005)[17]. Afterwards 
CHSS impregnated catheters of second generation 
(impregnated in the external and internal surfaces) 
reduced the CRBSI incidence compared to standard 
catheters, according the findings of a meta-analysis[18] 
including 3 randomised controlled trials (RCTs) and 
1176 patients[19-21].

In addition, other meta-analysis was found a 
reduction of CRBSI with the use of CVC impregnated 
on antimicrobial agents compared with non-coated 
catheters[22]. In this meta-analysis were included 3452 
CVCs from 8 RCTs, 7 RCTs using rifampicin-minocycline 
impregnated catheters and one using rifampicin-micon-
azole impregnated catheters.

A multicenter RCT showed that CVC impregnated 
in rifampicin-minocycline had a lower risk of CRBSI 
compared to first generation CHSS impregnated[23]. 
However, there is not reported a comparison in the 
incidence of CRBSI between rifampicin-minocycline and 
CHSS impregnated catheters of second generation.

Antimicrobial impregnated catheters have reduced 
the CRBSI risk and costs associated with CVC in several 
cost-effectiveness analyses[18,24,25]. The cost related to 
the increase of hospital stay was included in all those 
cost-effectiveness studies[18,24,25]. The cost associated 
to CRBSI was approximately $10000[18,24,25]; however, 
this cost in some studies was as high as $40000[5] 
and $71000[7] due to hospital stay increase. To simply 
the cost-effectiveness analyses, our team carried out 
several studies to compare the costs associated with 
CVC using antimicrobial impregnated catheters or 
standard catheters (including only the cost related to 
the diagnosis of CRBSI, the antimicrobials used for 
the treatment of CRBSI, and avoiding the cost due to 
increased hospital stay)[26-31]. 

Initially, we carried out performed one study to 
analyze the efficacy of rifampicin-miconazole (RM) 
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impregnated catheters to decrease the CRBSI risk[26]. 
There were included 73 RM in femoral site, 111 
standard catheters in femoral site, 114 RM in jugular 
site and 127 standard catheters in jugular site. We 
found RM impregnated catheters showed a lower risk of 
CRBSI than standard catheters femoral venous access 
and in jugular venous access. Afterwards, we found 
that the use of RM impregnated catheters compared 
to standard catheters was associated with lower costs 
related to CVC in the jugular venous access with tracheo-
stomy[27], and in the femoral venous access[28]. 

Afterwards, we studied the cost-effectiveness 
analyses of second generation of CVC impregnated in 
CHSS in different venous accesses[29-31]. We included 64 
CHSS during 569 d and 190 standard catheters during 
1626 d in femoral venous site; and there was found a 
lower CRBSI incidence and lower cost related to CVC in 
patients with CVC impregnated in CHSS than in patients 
with standard catheters[29]. In the jugular venous access 
analysis were included 245 CHSS impregnated catheters 
during 1685 d of catheter and 391 standard catheters 
during 1586 d of catheter; and there was found that 
patients with CVC impregnated in CHSS in comparison 
with patients with standard catheter showed a lower 
CRBSI incidence and a lower cost related to CVC[30]. In 
the analysis of subclavian venous including 353 patients 
with CHSS impregnated catheters during 2743 d and 
518 with standard catheters during 3297 d, we found 
a lower incidence of CRBSI and lower CVC related 
cost per day of catheter in those patients with CHSS 
impregnated catheters than in those with standard 
catheters[31]. 

ReCOmmeNDATION Of gUIDelINes 
AbOUT The Use Of ANTImICRObIAl- 
ImpRegNATeD CATheTeRs 
The 2011 published guidelines for CRBSI prevention 
recommended CVC impregnated in CHSS or rifampicin-
minocycline impregnated catheter in patients whose 
catheter is expected to remain in place during more 
than 5 d and the incidence of CRBSI has not been 
reduced after the implementation of a comprehensive 
strategy[11]. 

I would like to make some comments about some 
issues of those recommendations. First, the recommen-
dation about the use of CVC impregnated on rifampicin-
minocycline was based on two RCTs showing that the 
use of CVC impregnated on rifampicin-minocycline 
reduced the risk of CRBSI[32,33]. However, the guidelines 
do not mentioned the meta-analysis by Falagas et al[22], 
which included also other four RCTs, and showing that 
CVC impregnated on rifampicin-minocycline reduced 
CRBSI rate. Besides, in those guidelines was not 
mentioned the published observational study reporting 
the reduction of CRBSI incidence with CVC impregnated 
on RM[26]. Second, there was recommended by those 
guidelines the use of CHSS impregnated based on 3 

RCTs showing second generation of CVC impregnated 
in CHSS decreased catheter tip colonisation rate[19-21]. 
However, there was not specified which generation 
(first, second or both) of CHSS impregnated catheter 
was recommended. In addition, in those RCTs were not 
found significant differences in CRBSI rate with second 
generation of CVC impregnated in CHSS. Besides, in 
those guidelines was not mentioned the meta-analysis 
published by Hockenhull et al[18], which included those 3 
RCTs and reported a lower risk of CRBSI using second 
generation of CVC impregnated in CHSS.

fACTORs AssOCIATeD wITh hIgheR 
RIsk Of CRbsI
I believe that antimicrobial impregnated catheters could 
be used in some clinical circumstances associated with 
high CRBSI incidence. About this issue, I will focus in 
the CRBSI risk according to the venous catheter access 
and the presence of tracheostomy.

Risk of CRBSI according the CVC access
In a systematic, which included 2 RCTs and 8 ob-
servational studies, was concluded that there is no 
significant difference in the CRBSI incidence between 
subclavian and femoral venous accesses, and between 
internal jugular and femoral venous accesses[34]. To 
establish those conclusions, the authors excluded two 
studies from the analysis (one of our team[35], and 
other from the team of Nagashima et al[36]), and the 
criteria that motivate the exclusion of those 2 studies 
are no clear[37]. The authors remove these 2 studies 
due to heterogeneity of the analysis; however, the 
heterogeneity analysis showed I2 = 35% and P = 0.14 
(and in methods section the authors statement that 
I2 < 49% suggested low heterogeneity and that P ≤ 
0.10 was considered as significant heterogeneity), the 
same direction on the effect was found in the results 
of seven of studies included in the review (with a 
tendency to higher CRBSI risk in femoral venous access 
than in internal jugular venous access), and the two 
studies deleted showed the same effect. When these 
two studies were included, then femoral venous access 
exhibit a higher risk of CRBSI than internal jugular 
sites[34]. 

In a study published by our team including 2595 
CVC (including 917 subclavian, 1390 internal jugular 
and 288 femoral venous accesses) was reported a 
higher risk of CRBSI in femoral than in jugular and 
subclavian accesses, and in jugular than in subclavian 
access[35]. 

In addition, in a study of our team was found a 
higher CRBSI risk in the central access than in the 
posterior access of internal jugular vein[38]. We believed 
that those findings could be probably due to lower 
risk of contamination in the posterior access group by 
oropharyngeal secretion. Critically ill patient undergoing 
to mechanical ventilation are in a semirecumbent 
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venous site than in internal jugular vein by central 
access[40]. In addition, we did not find significant diffe-
rences in CRBSI risk between subclavian venous site 
and internal jugular vein by posterior access[41].

Risk of CRBSI according the existence of tracheostomy
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could be used in some clinical circumstances associated 
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Abstract
AIM: To present an inclusion criterion for patients who 
have suffered bilateral amputation in order to be treated 
with the supplementary resuscitation treatment which is 
hereby proposed by the author.

METHODS: This work is based on a Retrospective 
Cohort model so that a certainly lethal risk to the control 
group is avoided.

RESULTS: This paper presents a hypothesis on acu-
punctural PC-9 Zhong chong point, further supported by 
previous statistical work recorded for the K-1 Yong quan 
resuscitation point.

CONCLUSION: Thanks to the application of the resus-
citation maneuver herein proposed on the previously 
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mentioned point, patients with bilateral amputation 
would have another alternative treatment available in 
case basic and advanced CPR should fail.

Key words: PC-9 Zhong chong; Alternative emergency 
point; Cardiac arrest; Double; Amputee patients
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Core tip: The aforementioned inclusion criterion for the 
impossibility of stimulating K-1 Yong quan introduce PC-9 
Zhong chong stimulation, so that the Shao Yin energetic 
level may be reactivated, restarting this biological pace-
maker and the cardiac function. Diabetes increases risk 
of cardiovascular and cerebrovascular diseases from 
50% to 80%; and every three seconds, a diabetic foot 
is amputated in the world. The proposed study upon 
a prospective non-intervention group, considering the 
“patients that may be deceased”, states a Retrospective 
Cohort Study model that will allow us to efface the 
contingentiality of a possible “fatal damage”.

Inchauspe AÁ. Can PC-9 Zhong chong replace K-1 Yong quan 
for the acupunctural resuscitation of a bilateral double-amputee? 
Stating the “random criterion problem” in its statistical analysis. 
World J Crit Care Med 2016; 5(2): 143-149  Available from: 
URL: http://www.wjgnet.com/2220-3141/full/v5/i2/143.htm  
DOI: http://dx.doi.org/10.5492/wjccm.v5.i2.143

INTRODUCTION
Research on K-1 was presented back in 2005, during an 
official account at the Congress Celebrating the Fiftieth 
Anniversary of the Argentine Acupuncture Association[1], 
which encouraged us to continue doing research on 
efficiency criteria derived from its application.

That account was published by Resuscitation[2] in 
April 2010 to an important global repercussion. To 
date, ever more rescue cases through Yong quan are 
recorded and several hospitals resort to replacing their 
protocol due to the increased interest its extraordinary 
results generate.

This research project was edited first as a cover note 
in the World Journal of Critical Care Medicine[3], whose 
editorial presented then the validation of its statistical 
sequence, and now requests the publication of a new, 
original, paper on this issue of paramount importance.

We shall review the anatomical and functional bases 
for our hypothesis as well as the parameters which 
justify its use from the point of view of Traditional 
Chinese Medicine.

Topographic anatomy of PC-9 Zhong chong
Traditionally, the point is located 0.1 cm from the base 
of the nail on the radial side of the hand’s middle finger. 
This soft region is innervated by the palmo-digital 
arteriovenous net which is irrigated by the digital branch 

of the median nerve[4]. 
Rather curiously, the finger we refer to is also known 

as “cordial or heart finger” in Spanish [dedo cordial 
or corazón], thus discarding any causal nominative 
association from its anatomic-functional value. To a 
certain extent, such names in Spanish connote a close 
relationship between such finger and the organ it 
protects[4]. 

Functions of Zhong chong
PC-9 Zhong chong is the Tsing-well point of the Xin 
Bao meridian, or “Heart Protector”. It is also the Wood- 
Cheng point of a Fire channel and, as such, it should 
not surprise its additional function of Stimulating Point 
of that channel, precisely because it precedes the Fire 
element in the Five Movement Theory of Traditional 
Chinese Medicine[4].

Maybe what has been stated before justifies its 
capacity to reduce the Heart Fire (Xin) on that channel: 
Deriving from either its ignition by excess or the pleni-
tude of its Mother element in the generative cycle, i.e., 
Wood[5] (Table 1). 

This may explain the therapeutic possibility of acting 
on said channel in order to alleviate every cardiovascular 
condition resulting from affecting Fire, as well as those 
effects proper to its state of Well point, which enables 
restoring the biological pacemaker of the organism. 
This may either derive from considering gastro-entero-
colonic peristalsis to even the very cardiac pacemaker 
present at the sinoauricular node. This meridian has 
-under the parameters of Chinese Medicine - the 
justified property of recovering the Heart from its most 
severe nosological conditions.

Thus, the Xin Bao channel is provided with points 
with Yin/Yang energy rebalancing properties for the 
body, consequently harmonizing its biological rhythms. 
As we previously stated, this enables this point to act as 
an effective cardiac pacemaker. For this reason, it has 
been chosen as an Alternative Emergency Point (in case 
of coma, sudden death or cardiac arrest) because of 
its direct connection with the Shao Yin energetic plane 
through a short channel branch running between PC-1 
to K-27 (Figure 1).

That is the case of another point, namely, PC6-Nei 
guan, Luo meridian link and root, able to open up the 
Extraordinary Yin Wei Vessel and, consequently, to 
regulate the cardiovascular, respiratory and digestive 
activity of our body. That is why we understand its 
specific antiemetic property, comparable in strength to 
that of a well-known medicine ondansetron, widely used 
as palliative for said collateral effect during anti blastic 
therapies[6]. 

MATERIALS AND METHODS
Materials
Materials for the purposes of this paper are a wide 
range of patients who, for different reasons, have 
no lower limbs, that situation being the result of a 
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congenital cause or as a consequence of the evolution 
of a number of diverse pathologies (e.g., diabetes, 
traumas, neurologic diseases, toxic causes, etc.).

The status of this patient-population - previously 
set aside from possibility of integration between the 
supplementary Yong quan resuscitation maneuver and 
ILCOR’s CPR-can now be reconsidered among this new 
proposal of inclusion criteria. Quoted criteria have been 
made possible thanks to the development and design 
of a new, alternative praxis to assist this patient group 
during imminent death situations[3].

Methods
Those subjects within the Inclusion criterion above 
mentioned shall be those to whom-because of the 
impossibility of stimulating K-1 Yong quan-shall undergo 
stimulation at PC-9 Zhong chong, so that their Shao 
Yin energetic level may be reactivated as well as their 
survival axis, thus enabling the resetting and restarting 
their biological pacemaker and their cardiac function[7].

Stimulation maneuver for PC-9 Zhong chong
In spite of its habitual location described before, when-
ever in an emergency situation, it may prove convenient 
to unify topographical criteria and locate the very tip 

of the middle finger in order to stimulate the point 
by direct pressure in the distal extremity of its third 
phalanx, thus a more efficient stimulus is obtained and 
there is no confusion for the rescuer as to the location 
of the life-saving point.

It is worth mentioning that Traditional Chinese 
Medicine also considers valid this location we are pro-
posing[4].

The Chinese indicated bleeding the point to make 
the maneuver effective; that is why it is better to apply 
direct pressure on the tip of the middle finger. However, 
we have been able to verify that the pressure exerted 
by the nail of the rescuer might be enough to achieve 
efficient stimulations and positive results on the cardiac 
pacemaker.

Initially, as in the case of Yong quan, a methodo-
logical design was proposed during the investigation 
in which a certain group would receive the treatment 
and another would not be benefited (control group). 
Such type of study makes reference to the random 
criterion in order to measure differences and, in that 
way, establish causal associations which may better 
determine the intervention mechanism.

Stating the random criterion problem
The randomness principle requires an ever increasing 
sample - following a quantitative interest - in order to 
get away from uncertainty, thus reducing the variability 
of fate. Being that generally the case in the validation 
of any statistical methodology applied in Medicine, it 
has to make an effort to prove if any association visible 
through observation is a product of fate or not[3,8].

As inferred by quoted criterion, the control group 
would not profit from the benefit of providing a second 
chance by means of the proposed maneuver during 
rescue. Such determination leaves those included in the 
control group deserted to their own ill-fate should basic 
and advanced CPR fail.

Application of statistical analysis based on the index 
paradigm[9]

As was the case while analyzing the Yong quan ma-
neuver statistical tendencies-in spite of what has 
been so far stated, we have assigned priority to what, 
in our view, is singular and of qualitative nature. As 
such, the proposal of a Retrospective Cohort Study 
model has been able to prove the following suggested 
affirmation[9].

In statistics, a null hypothesis (Ho) is one made up 
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Pattern Heat colapsing pericardium Murky mucosity obstructing pericardium 

Consciousness Coma; convulsions Coma; patient sometimes awake
Fever High fever Low fever
Fæces Constipated or no change Inconsistent
Pulse Weak or tense and fast Sunken or unstable and fast
Tongue Scarlet, with yellow fur Red, with white or greasy fur

Table 1  Heat patterns affecting pericardium[5]

PC-9 Zhong chong

24 REN

PC-1 Tian chi

8 PC - 
Laogong

27 R-

17 REN

8 REN

Figure 1  Establishing the connection between Xin Bao and Shao Yin. 
Source (modif.): http://www.ktthome.com/teorias/mtc/teorias_mtc_1_1_2_8.
html.
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Yong quan point by means of comparative analysis[3]. 
Let us compare new values in these two methods 

provided in May, 2015:
Defibrillator method (Method A’) = 30% 
Yong quan method (Method B) = 84% 
P = [PA - PB]; that is, P = [0.30 - 0.8421] = 0.542
Applying the same process of multiplication by SE: 

SE × 1.96 = 0.0148
Consequently, as 0.542 is higher than 0.0148, it can 

be deduced that the difference in P once more becomes 
significant, rejecting Ho hypothesis and giving support 
to Ha hypothesis, which implies that this sequence of 
studies is far from being a random, chance product.

The difference here is also confirmed to be statisti-
cally significant; thus, all of the considerations from the 
previous example are valid, demonstrating once more 
the comparative value of the Yong quan method[3] (Figure 
2).

Even though today there are updated statistics in 
which manual CPR reached 17% survival rate (see, e.g., 
www.ymca.org.ar), it is in fact estimated that the actual 
survival rate would be noticeably lower, this deriving 
from what results studies indicate.

According to what Dr. Custodio Calvo, member of 
the Spanish Cardiopulmonary Resuscitation Association, 
has mentioned, such estimated indices of survival would 
not for cardiac massage, if truth be told, go further than 
5%[10]. Other studies later claim a rise up in survival 
rate to 10%[11] which, they estimate, may result in an 
increased value if population had more knowledge on 
CPR technique and use.

As for the survival percentages due to the application 
of cardioversion, recent studies presented by Dr. 
Emilio Marín-Huerta show that premature defibrillation 
increased this scale from 24% to 30% in cases of 
cardiac arrest[11]. It is worth noticing that the 2013 
statistics made reference to the resuscitation carried out 
at casinos in Las Vegas, where there is a defibrillator 
available every 40 m.

As a matter of fact, statistics referring to extra-
hospital resuscitations seem to have stuck at a 6.4%, a 
figure which coincides with the former evaluation of the 
previous statistical analysis which was presented by this 
author in this very same publication in August 2013.

It should be mentioned that, if cumulative rates 
of positive responses to the maneuver be considered 
(verified by pulse recovery and ECG record), the rate 
reached a 92.10%; i.e., over 76 cases, 70 patients 
could manifest objective responses to K-1 stimulation.

Consequently, all the above has made clear that 
there actually exists a difference if one takes into 
account as control the group of “deceased patients” 
instead of considering among them “patients that 
may be deceased”. Stating such consideration into a 
Retrospective Cohort Study model[9] will allow us to 
efface the contingentiality of a possible “fatal damage” 
as proposed by the randomness principle upon a pros-
pective non-intervention group in both K-1 Yong quan 

with the purpose of supporting another, alternative one 
(Ha). To develop any medical study necessarily implies 
determining an association between such two variables 
under research.

Any statistical treatment contemplates the possibility 
of a standard error (SE). That is why, the wider the 
sample, the more precise it becomes; consequently the 
possibility of results being random is greatly reduced 
[this analysis was previously published in WJCCM 
August 2013 - ISSN 2220-3141 (online)[3]].

In order to select one of these hypotheses (either 
Ho or Ha), a security level is required which, in clinical 
studies, has been standardized at 95%.

Statistical testing functions this way: The scale 
of difference that exists between the methods to be 
compared (A and B) needs to be verified. Should 
such scale be higher than a defined SE multiplied by a 
security coefficient - which is also given - we can then 
conclude that the difference between methods A and B 
is statistically significant. Such statement enables us to 
reject Ho hypothesis and accept Ha hypothesis[3]. 

First, we compared classical CPR by manual car-
diac massage (method A) with the complementary 
resuscitation maneuver on Yong quan (method B). By 
August, 2013, the following values were obtained (out 
of 58 patients looked after and 9 dead ones):

Method A (Manual CPR) = 6.4% Method B: (Yong 
quan rescue) = 85% 

Thus, if P = [PA - PB] = [0.064 - 0.85] = 0.786[3] 
(where P stands for Probability).

To this result, SE is applied, E = √P (1 - P) × (1/n1 
+ 1/n2). Then, SE × 1.96 = 0.098.

Therefore, 0.786 is higher than 0.098, which 
demonstrates the difference between PA and PB to be 
significant, thus concluding that Yong quan rescue is 
quality sure.

In order to further verify the previous analysis, the 
sample obtained in May 2015 (with 76 patients looked 
after and 12 dead ones), rendered the following values:

Method A (Manual CPR) = 6.4% Method B (Yong 
quan praxis) = 84.21%

Thus, P = [PA - PB] = [0.064 - 0.8421] = 0.778
Again, the result verifies that 0.778 is higher than 

0.098, which further debunks Ho hypothesis and once 
more verifies the alternative hypothesis (Ha).

Furthermore, in August 2013 we also compared 
the use of defibrillation (Method “A’” - meaning CPR + 
defibrillation) against the complementary Yong quan 
resuscitation maneuver (Method “B”). Afterlife indexes 
on both treatments were as follows:

Method “A’” (CPR + defibrillation): 48% response
Method “B” (Yong quan maneuver: 84.84% resp-

onse
Thus, [PA’ - PB] = 0.48 - 0.84 = 0.36 
That, multiplied by SE: SE (0.0076) × 1.96 = 0.0148
Because this result is also higher than SE multiplied 

by 1.96, it provides a value of 0.00148, a figure which 
is also statistically significant. This, again, proves the 
statistical value of the supplementary resuscitation K-1 
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and future PC-9 Zhong chong research.

RESULTS
Having had an experience of more than 75 cases 
treated when basic and advanced CPR had failed, the 
supplementary K-1 Yong quan maneuver has shown 
a most promising survival rate (84.84%) once the 
classic CPR protocols have been proved of no use, thus 
validating the action of the Shao Yin (heart-kidney) 
circuit during its support to life maintaining maneuvers[3].

As regards diabetes, the WHO has currently 
established the following statistics[12]: (1) one in 10 
individuals is diabetic (i.e., 10% of world population - 
about 347 million people worldwide have diabetes); 
(2) it is estimated that in 2012 diabetes was the direct 
cause of 1.5 million deaths, mainly due to sugar excess 
in the blood sample while fasting; and (3) every three 
seconds, a diabetic foot is amputated in the world these 
days.

Diabetes has become a major cause for an in-
creased risk of cardiovascular and cerebrovascular 
diseases - between 50% and 80% of deaths in people 
with diabetes - making this condition the one which 
predisposes the most to suffering a stroke (this being, 
at the same time, cause and effect of cardiac arrest)[7]. 

From the aforementioned, one can fairly deduce 
that the group which this hypothesis addresses is one in 
constant growth, a global trend which apparently shall 
be only on the rise in the short and long run and make 
even more frequent the cases under study, quite similar 
to those already mentioned and studied.

DISCUSSION
The effect on the Shao Yin plane has been irrefutably 
demonstrated - through the resuscitations published-by 

stimulation the K-1 Yong quan. We have already made 
clear that this circuit is part of the so-called “survival 
axis”, which has been confirmed in the Western tradi-
tion by the works carried out by Cannon and Seyle on 
the “fight or flight” or “stress” reaction[7,10] (Figure 3). 

Likewise, there also exist relationships that establish 
their link for the heart governor channel as well. One of 
them is that Xin Bao has been found to be the “pulse 
wife” to kidney, located at the same height but on the 
left wrist or Yang. 

Besides, it needs to be remembered that there 
exists a small collateral branch from K-27 - to the end of 
the external trajectory of the kidney meridian-through 
which it receives its daily chrono-biological legacy with 
the Well and Alarm point of the same Heart Governor 
channel, PC 1 - Tian chi (see illustration). According 
to the descriptions found on Acupuncture norms, the 
presence of such connection with the Shao Yin energetic 
plane fully justifies acting on that point when confronted 
to emergency situations caused by cardiac arrest.

Physiological testing in a bilateral double amputee 
and healthy volunteers showed significant changes as 
regards heart rate variation on stimulating PC-9 Zhong 
chong, very much like what took place when validation 
for the supplementary resuscitation maneuver on Yong 
quan was required. 

All this justifies our assumption that in those cases in 
which K-1 stimulus is impossible, we can try successful 
stimulation when confronted with the unfortunate failure 
of both basic and advanced CPR. Its categorization 
as “alternative supplementary pacemaker” when 
stimulation on K-1 point is rendered impossible shall 
eventually be more accurately established by a pilot 
study that shall reliably verify the statistical value of its 
effects, as was required from the supplementary practice 
on the Yong quan.

In conclusion, the Heart Governor meridian-through 
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Figure 2  Statistic Survival Trend referred to the Yong quan Maneuver application[3].
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inner and outer collaterals-ensures blood provision 
and distribution to the Heart; consequently, it rules the 
channeling through which both Qi and Heart irrigation 
flow as regards their function of blood admission and 
propulsion.

In some way, Xin Bao-according to Dr. Carlos 
Zaringolami-is a reflection of Xin’s drive of Qi; conse-
quently, it shall be directly involved in every circulatory 
ailment related to pumping disruption: i.e., palpitations, 
precordalgia, angor pectoris and cardiorespiratory arrest.

As we have previously seen, PC-9 Zhong chong 
fulfills every prerogative of stimulating the correct paths 
in order to explain and achieve the expected results so 
that the unfortunate group of patients, whose condition 

is already limited, should not be confronted to a most 
surely fatal situation in case basic and advanced CPR fail.

As in the case of K-1 Yong quan, the proposed new 
maneuver that is herein contained-on the pertinent 
section above-offers an extremely simple solution du-
ring an emergency situation to a very severe prognostic 
problem at no cost whatsoever.

COMMENTS
Background
In the authors’ 28-year-career resuscitating through the K-1 Yong quan, 
different situations as to sustaining its supplementary application during life 
supporting protocol use. However, double-amputee diabetic patients were 
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Figure 3  Survival axis as described by Inchauspe Adrián Ángel[13]. TCM: Traditional chinese medicine; ACTH: Adrenocorticotropic hormone.
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considered excluded from Yong quan CPR method in case of basic and 
advanced CPR failure. This challenge demanded an urgent solution in order 
to eliminate these patients from the exclusion criteria in the supplementary 
reanimation maneuver protocols on Yong quan for such unfortunate cases. The 
proposal of this hypothesis for the use of PC-9 Zhong chong as an alternative 
resuscitation point will certainly benefit those subjects in whom Yong quan is 
either anatomically non-existent or impossible to access.

Research frontiers
Statistics from the experimental plan proposed herein shall enable assessment 
of the real value of PC-9 Zhong chong as an alternative resuscitation point to 
consider in double amputee patients in whom failure of basic and advanced 
CPR protocol would leave them hopeless.

Innovations and breakthroughs
This work aims at adding an alternative point to the supplementary resuscitation 
system designed by the author and endorsed within Traditional Chinese 
Medicine parameters so that precisely the most unfortunate patients may have 
another resource in case they need rescue.

Applications
The methodology proposed shall offer yet another therapeutical alternative 
to add to current life support international protocols available at emergency 
services.

Peer-review
The author performed a retrospective analysis in order to estimate an inclusion 
criterion for patients who have suffered bilateral amputation whether they could 
be treated with the supplementary resuscitation treatment like acupunctural 
of PC-9 Zhong chong point, further supported by previous statistical work 
recorded for the K-1 Yong quan resuscitation point. Patients with bilateral 
amputation independently of the cause were included in the study. The author 
concludes that thanks to the application of the resuscitation maneuver herein 
proposed on the previously mentioned point, patients with bilateral amputation 
would have another alternative treatment available in case basic and advanced 
CPR should fail.
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Abstract
AIM: To calculate cost effectiveness of the treatment of 
critically ill patients in a medical intensive care unit (ICU) 
of a middle income country with limited access to ICU 
resources. 

METHODS: A prospective cohort study and economic 
evaluation of consecutive patients treated in a recently 
established medical ICU in Sarajevo, Bosnia and Herze-
govina. A cost utility analysis of the intensive care of 
critically ill patients compared to the hospital ward treat-
ment from the perspective of the health care system 
was subsequently performed. Incremental cost effective-
ness was calculated using estimates of ICU vs  non-ICU 
treatment effectiveness based on a formal systematic 
review of published studies. Decision analytic modeling 
was used to compare treatment alternatives. Sensitivity 
analyses of the key model parameters were performed.

RESULTS: Out of 148 patients, seventy patients (47.2%) 
survived to one year after critical illness with a median 
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quality of life index 0.64 [interquartile range(IQR) 
0.49-0.76]. Median number of life years gained per 
patient was 30 (IQR 16-40) or 18 quality adjusted life 
years (QALYs) (IQR 7-28). The cost of treatment of 
critically ill patients varied between 1820 dollar and 
20109 dollar per hospital survivor and between 100 
dollar and 2514 dollar per QALY saved. Mean factors 
that influenced costs were: Age, diagnostic category, 
ICU and hospital length of stay and number and 
type of diagnostic and therapeutic interventions. The 
incremental cost effectiveness ratio for ICU treatment 
was estimated at 3254 dollar per QALY corresponding to 
35% of per capita GDP or a Very Cost Effective category 
according to World Health Organization criteria.

CONCLUSION: The ICU treatment of critically ill medical 
patients in a resource poor country is cost effective and 
compares favorably with other medical interventions. 
Public health authorities in low and middle income coun-
tries should encourage development of critical care 
services.

Key words: Cost benefit analysis; Intensive care; Quality 
of life; Intensive care unit; Mortality; Decision analysis; 
Economics

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The first of a kind prospective cost effecti-
veness study in the intensive care unit in low resource 
settings. The study provides important evidence that 
critical care is cost effective medical intervention 
that favorably compares with most standard medical 
treatments but is unfortunately grossly underdeveloped 
in low resource settings.

Cubro H, SomunKapetanovic R, Thiery G, Talmor D, Gajic O. 
Cost effectiveness of intensive care in a low resource setting: A 
prospective cohort of medical critically ill patients. World J Crit 
Care Med 2016; 5(2): 150164  Available from: URL: http://
www.wjgnet.com/22203141/full/v5/i2/150.htm  DOI: http://
dx.doi.org/10.5492/wjccm.v5.i2.150

INTRODUCTION
Cost-effectiveness analysis (CEA) and related techniques 
are methods for evaluating the economic efficiency of 
health-related programs and interventions[1,2]. 

CEA is designed to incorporate the medical and 
economic aspects of health care programs or interven-
tions, to examine these interventions from perspectives 
of different actors and to allow objective comparisons 
with alternative interventions or programs[3]. In an 
environment with limited resources, it is crucial to ensure 
fairness in the allocation of resources on the one hand 
and efficiency on the other[4]. Health care providers, 
public health officials, and other decision makers require 

accurate information about economic efficiency, or “cost-
effectiveness”, of different options in order to maximize 
the impact of health care spending[5]. Ideally this will 
lead to the most effective allocation of resources. For 
a post-war developing country such as Bosnia and 
Herzegovina optimal allocation of resources is crucial.

Treatment of critically ill patients includes expensive 
equipment, highly skilled personnel, and often costly 
procedures to save lives. Studies that deal with the 
outcome of treatment in an intensive care unit (ICU), 
have reported mortality of critically ill patients between 
8% and 33%, with a further 11% to 64% mortality rate 
on general hospital wards after ICU treatment[6,7].

Intensive care is an expensive specialty due to its 
need for highly trained personnel and modern techno-
logy[8] and is a low priority for public health authorities 
in resource limited countries[9-11]. Objective analysis of 
costs and outcomes is needed to determine whether 
an admission to an ICU is a reasonable use of limited 
resources in a population of critically ill patients[12].

The high mortality of ICU patients, high cost, and 
a certain possibility of survival of patients without 
intensive care raise a question of whether the treatment 
in an ICU provides good value for invested resources, 
especially in a resource limited country such as Bosnia 
and Herzegovina?

A search of the literature on the analysis of costs 
and effectiveness in the field of intensive care medicine 
found no studies published from the Balkans, South-
Eastern Europe or other resource limited settings. The 
objective of this study was to calculate the incremental 
cost per quality-adjusted life year (QALY) obtained by 
the treatment of medical critically ill patients in the ICU 
compared to the treatment without intensive care at 
the Sarajevo University Clinical Center. We sought to 
understand whether the recently established medical 
ICU provides a good value for the invested resources by 
the health care system of a developing country.

Our original hypothesis was that critical care is cost-
effective even in a resources poor setting.

MATERIALS AND METHODS
Design and setting
We performed a prospective cohort study and an 
economic evaluation of consecutive medical critically 
ill patients treated in a recently established five bed 
medical ICU in a tertiary care medical institution with 
around 1800 beds in Sarajevo, the capital city of Bosnia 
and Herzegovina. The ICU has approximately 140-180 
admissions annually. 

Study population
Consecutive medical critically ill patients treated be-
tween June 1 2011 and June 29 2012 was included. 
Patients that stayed in the ICU less than 24 h and 
hospital readmissions were excluded from the analysis. 
Critical care survivors were interviewed at one year 
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follow up after hospital release.
Patient characteristics, acute illness severity sco-

res[13-15], diagnostic and therapeutic interventions along 
with costs were prospectively recorded. Data were 
recorded in a predefined paper form and afterwards 
entered in a specially constructed database.

Control group of patients
Ethical and administrative constraints precluded the use 
of historical or concurrent control group of the critically 
ill patients without access to the ICU in our institution. 
To overcome these constraints and to increase the 
generalizability of our findings, we calculated the incre-
mental cost effectiveness using estimates of ICU vs 
non-ICU treatment effectiveness based on a formal 
systematic review of published studies. 

Outcome definitions
Primary outcome measure was one year survival. Secon-
dary outcome measures were: 28 d ventilator free 
days, 28 d ICU free days, 30 d and 60 d mortality, the 
health related quality of life (HRQOL) and incremental 
cost effectiveness ratio (ICER). Ventilator-free days 
were defined as the number of days between successful 
weaning from mechanical ventilation and 28 d after 
study enrollment[16]. ICU-free days were defined as the 
number of days between successful transfer to a normal 
ward and 28 d after study enrollment[16]. 

ICER is the ratio of the difference in costs and 
difference in effects between two competing choices[17].

Economic evaluation
Recommendations of the Panel of Cost-effectiveness 

in Health and Medicine adjusted for critical care were 
followed for economic evaluation[18].

With primary data obtained, a full economic evalu-
ation in the form of cost utility analysis of intensive 
care of critically ill patients compared to hospital ward 
treatment from the perspective of the health care 
system was performed. The analytical horizon was the 
life time of patients. Decision analytic modeling was used 
to construct a decision tree (Figure 1), which served to 
calculate the ICER.

Model: The decision tree
Two branches of the decision tree present two cohorts 
of critically ill patients. First one is represented with 
the medical ICU patients (Figure 1). The other branch 
represents the comparator model of the patients with 
the same characteristics and shows treatment outcomes 
if patients were treated on the hospital ward instead of 
the ICU.

The data on the treatment outcomes of the com-
parator cohort were extracted from a systematic review 
of the literature. 

Systematic review
A systematic review of the available literature was per-
formed in accordance with PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-analyses) 
guidelines[19]. 

A comprehensive search strategy was developed in 
order to identify the studies that dealt with outcomes 
of the treatment of adult critically ill patients in and 
out of an ICU. The following electronic databases were 
searched: PubMed, EBSCO and Web of science. The 
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Figure 1  The decision tree in the decision analysis. Two branches of the decision tree represent two cohorts of critically ill patients. First one is represented with 
the patients that were treated in the medical ICU. The other branch represents comparator model of the same patients and shows the treatment outcomes if patients 
were treated on the hospital ward instead of the ICU. data on treatment outcomes for the comparator were extracted from the systemetic review of the literature. ICU:  
Intensive care unit.
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the exclusion criteria (n = 369) were excluded. A total 
of 118 articles were screened based on the title and 
abstract and among them full texts of 18 studies were 
identified and reviewed. Secondarily, the studies that 
showed highly increased mortality among ICU treated 
critically ill were excluded from the selection, since it 
was very unlikely that such outcome would be possible 
in the case of the Clinical Center University of Sarajevo. 
A total of 14 studies were included[12,20-32] (Figure 3 and 
Table 1). The following data were recorded: The year 
of publication, country of origin, patient population, 
reasons for ICU refusal, and mortality of critically ill 
patients treated within the ICU and outside of an ICU. 
Data were extracted in a previously defined form. 

Data from the above mentioned studies were used 
for the calculation of an Odds Ratio for mortality of 
critically ill patients when treated on the general hospital 
wards instead of the ICU. Similar calculations were 
previously done by Ridley et al[8], further details in the 
Electronic data supplement.

For discounting of costs and health effects an annual 
rate of 3% was used, with sensitivity analysis for 0% 
and 6%. Uncertainty was controlled by the use of 
sensitivity analysis of the key model parameters: The 
attributable risk reduction of death for ICU treatment, 
the daily ICU cost, the daily standard care general 
ward cost, the discount rate, and the quality of life 
after critical illness, the quality of life index calculation 
method, the adjustment for excess mortality after 
critical illness (Post-ICU survival rate, PICUS).

One and two-way sensitivity analysis was per-
formed; along with best and worst case scenarios. A 
simplified overview of methodology used is presented in 
Figure 4.

Costing methodology
From the perspective of health system Costs consist 
of costs of hospitalization and long term post-hospitali-
zation costs.

The cost of hospital stay was calculated for the ICU 
patient cohort and for the comparator cohort. The ICU 
patient cohort hospital stay cost was calculated as the 
sum of the ICU cost and the post-ICU ward cost. The 
cost of the ICU stay was calculated as the product of the 
cost per ICU day and the length of ICU stay. The daily 
ICU cost was calculated based on fixed ICU cost and 
patient specific variable costs and costing methodology 
recommended by the Health Insurance Institute of 
Federation of Bosnia and Herzegovina. 

The fixed cost was an estimate made by the Health 
insurance Institute after an analysis of costs of per-
sonnel, equipment amortization, overheads, cost of a 
hospital bed-maintenance, costs of routine laboratory 
and X-ray and microbiology. The Health Insurance 
institute of Federation of Bosnia and Herzegovina is 
the main financier of the Clinical center University of 
Sarajevo.

Patient variable costs were prospectively recorded 

search targeted original articles, published in English on 
adult patient population (≥ 19 years) in the date range 
from the year 1990 to May 31, 2012.

The following terms were used: Critical OR acute 
AND ill AND rationing OR selection OR withholding 
treatment OR refusal to treat OR triage OR utilization 
AND mortality OR outcome OR statistics OR numerical 
data OR economics. In addition we searched through 
related articles on PubMed and also found additional 
articles from the reference lists of retrieved articles.

Comparative, validation, evaluation, observational 
studies, clinical trials and controlled trials were included 
in the study screening process. Review articles, letters 
to the editor, commentaries, expert opinions and studies 
for which the full text was unavailable were excluded.

The search process is presented on Figure 2 (PRISMA 
flow diagram). The first search returned 501 studies 
or 487 after the duplicates were removed. Studies that 
did not fulfill the inclusion criteria or the ones that met 
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Figure 2  The Preferred Reporting Items for Systematic Reviews and 
Meta-analyses flow diagram. The information flow in the different phases of 
the systematic review is presented. The first search through the data bases 
returned 501 studies, or 487 after the duplicates were removed. A total of 118 
studies were screened based on the abstract and title and 18 full text articles 
were reviewed. Among them 14 studies were included in the meta-analysis.
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and included all additional medical interventions such 
as radiology procedures (CT, MRI, United States), the 
placement of central venous or dialysis catheters, 
hemodialysis (HD), peritoneal dialysis, continuous 
veno-venous HD and other related techniques etc. The 
variable costs were calculated based on present market 
values of specific medical interventions[9]. 

The total ICU-stay cost of all 148 patients was used 
to calculate the daily unit cost for the ICU. The daily 
post ICU ward cost was calculated as the average daily 
cost for standard care on internal medical clinics in 
the Feredation of Bosnia and Herzegovina. This data 
was also published by the Federal Health Insurance 
Institute[9]. 

The comparator cohort cost was calculated as 
the product of the average ward daily cost and the 
hospital length of stay of the real patient cohort. For 
the purposes of the model, it was assumed that the 
hypothetical patient cohort would have the same length 
of stay as real ICU patients that were analyzed.

Incremental hospital costs were then calculated 
using the following formula: IC hospital = ICU cost - 
Ward cost = LOS icu × (C icu day - C ward day); LOS-
length of stay, C-cost. Future cost for the ICU survivors 
were approximated using the mean annual health care 
expenditure per capita for the population of Bosnia and 
Herzegovina, which was 928 dollar for the year 2011, 
as reported by the WHO[33]. This approach has been 
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Ref. Patients population 
and country

Year of 
publication

Refusal reasons No. of deaths with 
ICU support out of 
total patients treated 
in ICU (% mortality)

No. of deaths without 
ICU support out of total 

patients not treated in ICU 
(% mortality)

Difference 
in mortality 
rates (%)

OR (95%CI)

Frisho-
Lima et al[20]

General, Israel 1994 Moribund, no beds 7/62 (11.3) 31/65 (47.7) 36.4 7.16 (2.84-18.07)

Metcalfe et 
al[21]

6 general, United 
Kingdom

1997 Lack of beds or staff or 
other

178/480 (37.1) 75/165 (45.5) 8.4 1.41 (0.99-2.02)

Sprung et 
al[22]

General, Israel 1999 Too good or too poor 
prognosis, no beds, 
more data required, 

another crit. care area 
more appropriate

51/321 (15.9) 28/61 (45.9) 30 4.49 (2.50-8.07)

Joynt et al[23] General, Hong 
Kong

2001 Triage, futility, 
inappropriate referral.

142/388 (36.6) 145/236 (61.4) 24.8 2.76 (1.98-3.85)

Garrouste-
Oregas et 
al[24]

Medical and 
surgical, France

2003 too well/too sick 46/189 (24.3) 38/141 (27.0) 2.6 1.15 (0.70-1.89)

Simchen et 
al[25]

5 ICUs. Medical 
and surgical, Israel

2004 All hospital patients 
screened

80/190 (42.1) 192/349 (55.0) 12.9 1.68 (1.18-2.40)

Garrouste-
Oregas et 
al[12]

4 medical and 7 
general, France

2005 Too well/too sick, 
patients refusal, ICU 

occupied

120/412 (29.1) 49/128 (38.3) 9.2 1.51 (1.00-2.29)

Thiéry G et 
al[26]

Medical ICU, 
cancer patients 30 

d mortality, 
France

2005 Too sick 57/105 (54.3) 39/54 (74.0) 19.7 2.19 (1.08-4.45)

Simchen et 
al[27]

5 acute care 
hospitals, medical 

and surgical 
patients Israel

2007 Died > 24 h deteriorated 
on ward

23/97 (23.7) 44/169 (26.0) 2.3 1.13 (0.63-2.02)

Died < 24 h 4/97 (4.1) 55/414 (13.3) 9.2 3.56 (1.26-10.08)

Iapichino et 
al[28]

11 university 
hospitals from 

7 countries: 
Denmark, France, 
Israel, Italy, The 

Netherlands, Spain, 
United Kingdom

2010 28 d mortality 1482/6708 (22.1) 197/600 (32.8) 10.7 1.72 (1.44-2.06)

Edbrooke et 
al[29]

11 hospitals in 7 
EU countries

2011 28 d mortality 1389/6312 (22.0) 375/1137 (33.0) 11.0 1.74 (1.52-2.00)

Robert et 
al[30]

10 medical ICUs, 
France

2012 Too good or too sick 28 
d

277/1,139 (24.3) 58/193 (30.1) 5.7 1.34 (0.96-1.87)

Cabrini et 
al[31]

Early ICU transfer, 
medical patients

2012 Too well/too sick or 
lack of ICU beds

6/15 (40.0) 13/40 (32.5) -7.5 0.72 (0.21-2.46)

Italy
Stelfox et 
al[32]

Canada, medical 
ICU

2012 Too well/too sick or 
lack of ICU beds

1106/3245 (34.1) 80/249 (32.1) -2.0 0.92 (0.69-1.21)

Total 4968/19760 (25.1) 1419/4001 (35.5) 10.3 1.64 (1.52-1.76)

Table 1  Characteristics of the studies included in the systematic review

ICU: Intensive care unit.
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Model Citation Year Events/total Statistics each study Odds ratio and 95%CI
Word ICU Odds ratio Lower limit Upper limit P -value 0.10 0.20 0.50 1.00 2.00 5.00 10.00

Frishmo-Lima et al [20] 1994 31/65 7/62 7.164 2.841 18.065 0.000
Metcalfe et al [21] 1997 75/165 178/480 1.414 0.988   2.023 0.058
Sprung et al [22] 1999 28/61 51/321 4.492 2.501   8.069 0.000
Joynt et al [23] 2001 145/236 142/388 2.760 1.977   3.854 0.000
Garrouste-Oregas et al [24] 2003 38/141 46/189 1.147 0.696   1.889 0.590
Garrouste-Oregas et al [12] 2005 49/128 120/412 1.509 0.997   2.286 0.052
Simchen et al [25] 2004 192/349 80/190 1.682 1.177   2.403 0.004
Simchen et al [27] 2007 44/169 23/97 1.133 0.634   2.024 0.674
Thiéry et al [26] 2005 39/54 57/105 2.189 1.078   4.447 0.030
Lapichino et al [28] 2010 197/600 1482/6708 1.724 1.440   2.064 0.000
Edbrooke et al [29] 2011 375/1137 1389/6312 1.744 1.521   2.001 0.000
Stelfox et al [32] 2012 80/249 1106/3245 0.916 0.695   1.206 0.530
Robert et al [30] 2012 58/193 277/1139 1.337 0.955   1.871 0.090
Cabrini et al [31] 2012 13/40 6/15 0.722 0.212   2.463 0.603

Fixed 1.648 1.519   1.788 0.000

Figure 3  Meta-analysis of unadjusted mortality rates from the 14 studies reporting mortality rates in patients admitted to and refused intensive care 
unit. Based on the reported international data odds ratio for mortality of critically ill patients when treated outside of intensive care unit on standard care wards was 
calculated, OR = 1.64, 95%CI: 1.51-1.78.

Med.ICU patients Comparator

Pt characteristics, 
Treatment outcomes
LYS and QALYs saved

Effects

Costs
Ct ICU = C icu + C w + C fut
C icu = Daily Cicu x LOS icu + Daily Cw x LOS w

Effects

Systematic Review of literature on survival 
of critically ill in and out of ICU
ARR calculation

Costs
Ct  ward = Daily Cw x (LOS icu + LOS w) + C fut

Incremental cost effectiveness ratio
ICER = IC/IE

Incremental effects
IE = ARR x QALYs saved in ICU

Incremental costs
IC = IC hospital + IC future
IC hospital = LOS icu x (C icu day – C ward day) 
IC future = IE x AnHC expenditure

Sensitivity analysis

One way
Two way

Figure 4  Overview of methodology used in the study. The first phase was data collection for two patient cohorts, observed medical ICU patients and comparator 
cohort, which was represented by the same number of critically ill patients, with the same characteristics who would be treated on general hospital ward. Costs and 
treatment outcomes (effects) were recorded and calculated. In the second phase incremental analysis of costs and effects was done. The third phase gave the main 
incremental cost effectiveness ratio and in fourth a sensitivity analysis of cost effectiveness ratio to key model parameters was performed. Costs and effects were 
discounted at an annual rate of 3%. LYS: Life years saved; QALY: Quality adjusted life years; ARR: Attributable risk reduction for mortality with treatment of critically 
ill in ICU; Ct: Total costs; C icu: Costs of ICU treatment; C w: Costs of ward treatment; C fut: Future health care costs, after hospital release; Daily C icu: Average 
cost per ICU day; Daily C w: Average cost per general hospital ward day in internal medical department; LOS icu/w: Length of stay in the ICU or on general ward; 
IE: Incremental effects; IC: Incremental costs; AnHC expenditure: Annual health care expenditure per capita for Bosnia and Herzegovina; ICER: Incremental cost-
effectiveness ratio. ICU: Intensive care unit.

Cubro H et al . Economic evaluation of critical care in a low resource setting



156

previously used in economic evaluations[8,34].
Costs were reported using a World Health Organiz-

ation (WHO) suggested currency, the International 
dollar. This is a theoretical currency, calculated from 
the WHO published purchasing power parities, and 
represents what can be bought in a country with one 
United States dollar. In practice, it corresponds to United 
States dollar[35].

Incremental future cost was calculated using the 
following formula: IC future = IE (number of QALYs 
gained by the treatment in the ICU) × mean annual 
health care expenditure per capita for the population 
of Bosnia and Herzegovina and were discounted to 
present value for the year 2012. The incremental cost 
was calculated as the sum of incremental hospital and 
the incremental future costs, or: IC = IC hospital + IC 
future. IC= [LOS icu × (C icu day - C ward day)] + [IE 
× mean annual health care expenditure per capita].

Prediction of life time QALYs
For one year survivors a life expectancy was calculated 
using life tables for the population of Bosnia and Herzeg-

ovina for the year 2011, obtained from the WHO[36]. For 
one year survivors the life expectancy was calculated as 
expected life duration from a patient’s age at admission. 

For patients who did not survive one year the exact 
length of life after hospital release was used. Life time 
QALYs were calculated by multiplying the predicted 
life expectancy or real life-time with utility values for 
HRQOL.

The HRQOL was assessed using the EQ-5D que-
stionnaire[37]. Written permission along with official 
translation of the questionnaire was granted by the 
Euro-QOl Group[37]. A HRQOL index was calculated from 
the resulting five digit EQ-5D profile using reference 
values for population of Europe and Slovenia. Resulting 
the HRQOL index was compared to reference values. 
An adjustment was made for missing data on the 
quality of life index for patients who did not answer the 
EQ5D questionnaire and for those who died before one 
year from the hospital release. For one year survivors 
who did not answer the questionnaire it was assumed 
that they had the mean value of the HRQOL index of 
the age and sex matched respondents. For one year 
non-survivors it was assumed they had the 75% of 
the mean HRQOL of respondents. This approach was 
previously taken in cost effectiveness analysis by Linko 
et al[35]. Life time QALY was calculated as the product of 
life years saved and HQOL utility value.

Statistical analysis
Discrete data are reported as frequencies and con-
tinuous data as means (confidence interval-CI) or 
medians [interquartile ranges-Interquartile range 
(IQR)], as appropriate. All hypotheses in the study were 
two-sided, with the level of significance 0.05. Discrete 
variables were compared using the χ 2 test. Normally 
distributed continuous variables were compared using 
the Student’s t test, and non-normally distributed 
variables were compared using the Mann Whitney 
test. Multiple groups were compared using the Kruskal 
Wallis test. Comparison of one year survivors EQ-5D 
index values to the reference values of the age and sex 
matched population of Slovenia was done using the 
Wilcoxon signed matched pair test. Statistical analysis 
was done using SPSS 19 and MS Excel 2010 programs. 
No funding was received for the conduct of this study. 

RESULTS
Patient characteristics 
In the period from June 2011 to June 2012 a total 
of 183 patients were treated in the medical ICU of 
the Sarajevo University Clinical Center, out of which 
148 were included in the study (Figure 5). Overall 
patient characteristics separated by status one year 
after hospital release are reported in Table 2. Patients 
differed in various terms, with patients that survived 
one year longer, significantly younger (mean 49 years 
vs 63 years, P < 0.01), less severely ill (mean SAPS
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ICU admitted
187

148 analyzed38 excluded

91 survived 
ICU

57 died in 
ICU

14 died on the 
hospital ward

77 survived 
hospital

7 died during 
the one year 

follow up

70 survived 
one year after 

hospital release

49 EQ5D 
questionnaire

Figure 5  Patient flow diagram. Out of 148 patients that were included in the 
study, 57 (38.5%) died in the ICU, 14 (9.4%) died on the hospital wards after 
the ICU, 7 (4.7%) died during one year follow up, 70 (47.2%) survived one year 
after hospital release and 49 were interviewed for the health related quality of 
life assessment using the EuroQol-5D questionnaire. ICU: Intensive care unit.
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Ⅱ 42 vs 59, P < 0.001), mainly admitted through the 
emergency department (44% vs 26%, P = 0.027), with 
a shorter hospital stay before the ICU [median 1 IQR 
(0-4) vs 1.5 IQR (0-8), P = 0.039] and shorter courses 
of mechanical ventilation [median 3 IQR (0-9) vs 5 IQR 
(3-9), P = 0.024] and vasopressor use (11% vs 37%, 
P = 0.01). The most frequent admission diagnoses 
among one year survivors were: Sepsis (20%), cardiac 
arrest (18.6%), intoxication (15.7%) and hypoxemic 
acute respiratory failure (12.9%). Non-survivors were 
admitted to the ICU mostly due to: Sepsis (24.4%), 
comma (17.9%), cardiac arrest (15.4%) and hypo-
xemic acute respiratory failure (12.8%). All critically 
ill patients had median ICU length of stay of 6 d, IQR 
(3-12), that did not differ between survivors and non- 
survivors. Median length of post ICU hospital stay 
was 14 d, IQR (13.75-15.75) which refers to one year 
survivors, because non survivors died mostly in the ICU 
or very shortly after ICU release. One year survivors 
had significantly higher median 28 d ICU free days [12.5, 
IQR (0-23)] compared to non-survivors [0, IQR (0-19)]. 
Ventilator free days at 28 d did not differ significan-
tly between survivors and non survivors, and overall 
median was 23 d, IQR (18-25).

Patient mortality
Patient flow diagram presents the phases where mort-
ality was recorded (Figure 5). Seventy patients (47.2%) 

survived one year after hospital discharge, 7 (4.7%) 
died during the one year follow up, 14 (9.4%) died on 
the hospital wards after the ICU, and 57 (38.5%) died 
in the ICU. Hospital mortality was 48%, 30 d mortality 
was 41.9%, 60 d mortality was 48.6%, and one year 
mortality was 52.7%.

Follow up surveys
The only statistically significant difference between 
respondents and non-respondents was that respondents 
were older (mean age 51 years) than non-respond-
ents (mean 44 years). The respondents were mainly 
females (79.3%), compared to non-respondents where 
only 20.7% were females, which was not statistically 
significant.

The results of interviews are shown in Table 3. Most 
of the patients did not have problems or had some 
problems with mobility (95.9%), while severe problems 
with mobility had 4.1% of the respondents. Most of 
the patients did not have severe problems with self-
care (91.8%). Severe problems with every activites 
had 20.4%, with pain or discomfort had 10.2% and 
with anxiety or depression had 6.10% of patients. 
The patients evaluated their HRQOL lower [0.63 IQR 
(0.56-0.70)] than the value of the resultant quality 
of life index calculated from their answers 0.69, IQR 
(0.49-0.84). 

After adjustment for non-respondents and patients 
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All n  = 148 1 yr survivors Dead after one year P

Age
Mean (SD) 56 (17) 49 (17) 63 (15) < 0.01a

Male (%) 58.6 57.7 1b

SAPSII Mean (SD) 51 (20) 42 (19) 59 (17) < 0.001a

Dg.(%)
Cardiac arrest 16.9 18.6 15.4 0.17b

Cardiogenic shock 1.4 0 2.6
Coma 12.2 5.7 17.9

Status epilepticus. 4.7 2.9 6.4
CHF 3.4 4.3 2.6

Hypercapnic ARF 10.1 10.0 10.3
Hypoxic ARF 12.8 12.9 12.8
Intoxication 9.5 15.7 3.8

Malignant neurolept.sy 0.7 1.4 0
Neuromuscular ARF 2.7 4.3 1.3

Other 2 2.9 1.3
Renal/metabolic 1.4 1.4 1.3

Sepsis (including shock) 22.3 20.0 24.4
Other 16.20% 12.90% 1.30%

ICU LOS
Sum 1474

Median (IQR) 6 (3-12) 6 (4-16) 5 (3-10) 0.116c

28 d ICU free days Median (IQR) 0 (0-22) 12.5 (0-23) 0 (0-19) 0.002c

Ward LOS after ICU
Sum 1694

Median (IQR) 14 (0-14) 14 (13.75-15.25) 0 (0-1.25) < 0.001c

Mechanical ventilation % 80 74 87 0.097b

Ventilator-free days at 28 d Median (IQR) 23 (18-25) 23.5 (18-26) 22 (18-25) 0.150c

Table 2  Patient characteristics

aStudent’s t test; bχ 2 test, cMann Whitney U test; Dg: Admission diagnosis; ICU: Intensive care unid; LOS: Length of stay; SAPSⅡ: Simplified Acute 
Physiology Score Ⅱ. IQR: Interquartile range; CHF: Chronic heart failure.
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who died during the one year follow up median HRQOL 

was 0.64, IQR (0.49-0.76). The value of HRQOL index 
at one year was significantly lower than the age and sex 
matched reference value. 

Cost analysis
The cost per ICU day was 193 dollar, and the cost per 
ward day was 73 dollar. The cost of ICU-patient cohort 
equals the sum of the ICU-stay cost (126312 dollar) 
and the ward after ICU-stay cost (126312 dollar) 
resulting in total cost of 410212 dollar, and the mean 
per patient cost of 2772 dollar (95%CI: 2373-3170 
dollar). The minimal hospital cost per patient was 140 
dollar and the maximum was 13706 dollar. The highest 
cost per hospital survivor and the cost per QALY were 
with neuromuscular acute respiratory failure and sepsis 
(Figure 6).

The cost of treatment of critically ill patients varied 
between 1820 dollar and 20109 dollar per hospital 
survivor and between 100 dollar and 2514 dollar per 
QALY saved. Mean factors that influenced costs were: 
Age, diagnostic category, ICU and hospital length of 
stay and number and type of diagnostic and therapeutic 
interventions.

The ICER
Results of the systematic review summarizing effecti-
veness of ICU vs non-ICU treatment are presented in 
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Problems n  = 49 %

Mobility No 25 51.0
Some 22 44.9
Severe   2     4.10

Self-care No 37 75.5
Some   8 16.3
Severe   4   8.2

Usual activities
No 13 26.5

Some 26 53.1
Severe 10 20.4

Pain/discomfort
No 30 61.2

Some 14 28.6
Severe   5 10.2

Anxiety/depression
No 27 55.1

Some 19 38.8
Severe   3     6.10

VAS 0.63 (0.56-0.70)

Table 3  Distribution of responses to EQ-5D modalities at 
one year

VAS: Visual analogue scale. Data are presented as numbers (percentage). 
EQ-5D-3Lquestionnaire is an instrument developed by the EuroQol group 
with five health related quality of life dimensions and a visual analogue 
scale for patients to subjectively evaluate the state of their quality of life.

Cost/hospital survivor

Figure 6  Cost effectiveness measures (costs per hospital survivor, costs per quality adjusted life year saved by the hospital treatment) and hospital 
mortality, presented depending on the diagnostic category. The highest mortality had patients admitted for the treatment of status epilepticus, hypercapnic acute 
respiratory failure, acute renal failure and sepsis. The highest costs were with the neuromuscular ARF and the sepsis diagnostic category. ARF: Acute respiratory 
failure; QALY: Quality adjusted life year.
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Figure 3 and Table 1. With the average ICU refusal rate, 
of 15% and the odds ratio for mortality of 1.64 (95%CI: 
1.51-1.78) on a ward, the attributable mortality risk 
reduction (ARR) was calculated to be 13.4% for ICU-
treated critically ill patients. Details can be found in the 
electronic data supplement and similar approach was 
previously applied by Ridley and Morris[8]. In the cohort 
of one year ICU survivors, a total of 2235 life years 
and 1455 QALYs were saved, which is 567 QALYs after 
discounting. The incremental effect was then equal to 
75.7 QALYs after applying the attributable risk reduction 
from the systematic review. The incremental cost was 
calculated as the sum of the incremental hospital cost 
and the present value of the incremental future-cost 
and was equal to 246246 dollar. The ICER for intensive 
care was 3254 dollar per QALY (Table 4).

Sensitivity analysis
Analysis of sensitivity of the ICER values to key model 
parameters is presented in Figures 7 and 8. 

A tornado plot in the one way sensitivity analysis 
was constructed to observe the impact of different para-
meters on ICER values, Figure 7. From the plot it can 
be seen that the ICU-daily cost had the highest impact 
on ICER values.

Values of ICER varied between 1026 dollar and 
54495 dollar per QALY, with the mean of 4137 dollar 
(SD 4863 dollar), and the median of 2580 dollar /QALY. 
The minimal value of ICER was calculated for the case 
when the cost per ICU day was 50% lower (97 dollar), 
with the cost of a general ward day constant (74 dollar), 
the QOL index 0.64, the annual discount rate of 3%, 
and the ARR of 62%. The ICER would be maximum, if 
the cost per ICU day were 300% (580 dollar), with the 
constant ward cost and the ARR of 2.5%, which is only 
a hypothetical and not real possibility.

If the ARR varied between 13.4 and 62%, the ICER 
would vary from 1438 dollar to 3286 dollar per QALY 
(mean 2121 dollar, median 1982 dollar /QALY). As the 
ARR value rises its impact on the ICER significantly 
drops, two way sensitivity analysis (Figure 8). 

DISCUSSION
The main finding of our study is a favorable ICER for the 
treatment of critically ill medical patients in an ICU in a 
resource limited setting. Severity of illness, short and 
long term mortality, and the quality of life after critical 
illness were mainly comparable to studies performed in 
a resource-rich setting. 

Our practice before the establishment of this me-
dical ICU showed that we could not provide effective 
critical care on general hospital wards due to the lack 
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Figure 7  Variations of incremental cost effectiveness ratio values in the one way sensitivity analysis. The values are given in International dollar. The highest 
variations in ICER values and consequently the impact on ICER values had cost per ICU day, followed with post ICU survival rate and discount rate. ICU: Intensive 
care unit; PICUS: Post ICU survival; QOL: Quality of life; ICER: Incremental cost effectiveness ratio.

Hospital 
treatment costs

Future costs 
(present value)

Total

Cost-ICU ($) 410212 524432 934644
Cost-ward ($) 234240 454158 688398
Incremental cost ($) 175972   70274 246246
Effects-ICU (QALYs)   567
Effects-ward (QALYs) 4913
Incremental effects 
(QALYs)

  757

ICER ($/QALY) 3254

Table 4  Costs, effects, incremental analysis of costs and 
effects and cost effectiveness ratio

Incremental cost represents the difference between the total ICU patient 
cohort cost and the comparator cohort cost and was calculated based on 
the decision model assumptions and attributable mortality risk reduction, 
using the formula presented in detail in the methods section, and after 
discounting future costs and health effects at an annual rate of 3% to the 
year 2012. ICU: Intensive care unit; ICER: Incremental cost-effectiveness 
ratio; QALY: Quality adjusted life year. 
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of equipment and personnel. Indeed, a decision on 
ICU establishment should not be made on utilitarian 
grounds. However, our study proves that in a resource 
poor setting having an ICU is also cost effective and can 
compete with other health care priorities for resource 
allocation. Therefore, investment in critical care facilities 
even in a resource poor setting can be justified not only 
by ethical and altruistic reasons but also by very good 
cost effectiveness.

Similar to previous studies, the health related QOL 
of patients one year after critical illness was significantly 
lower than the QOL of the age and sex matched general 
population[22,23,35,38-42]. Cost effectiveness of critical care 
in our study might as well be underestimated as we 
used international data on survival of critically ill patients 
outside of an ICU as one of the main input parameters 
in our decision analytic model. The ICU patient cohort 
had a substantially low fixed cost estimate. Such low 
fixed cost estimate is a consequence of the fact that, 
unfortunately, personnel costs in a resources limited 
setting are much lower than such costs in developed 
countries. Further, a higher incremental effectiveness 
of the ICU treatment of the critically ill at the Sarajevo 
University Clinical Center can be expected, simply 
because most interventions that are needed for vital 
function support are not available on general wards 
in our hospital. Data on patient survival in and out of 
ICU come from observational studies on treatment 
outcomes of ward care for the critically ill, when those 
patients were refused an ICU admission with careful 
admission triage due to the lack of beds. Ethical issues 
preclude conduction of randomized control trials on this 
subject. Therefore, the actual effectiveness of the ICU 

care can only be roughly estimated. Similarly, ethical 
and administrative reasons precluded data collection 
on a comparator patient cohort in our institution. 
However, any bias can only be in the direction of higher 
effectiveness of the ICU treatment because hospital 
floor outcomes in this limited resource setting are far 
worse. 

Another question that could be raised is what was 
the opportunity cost of an investment in critical care? 
Opportunity costs depend on an individual situation 
within the health care system of a country because 
health care investment priorities differ among countries. 
Our results indorse the argument that investment in 
critical care facilities can also fairly compete with other 
health care priorities.

A number of cost utility analyses in intensive care 
have been published to date, but none has been done in 
Bosnia and Herzegovina, south-eastern Europe or any 
other resource limited setting. Consequently, our results 
cannot be adequately compared. Cost effectiveness 
analyses of critical care have been performed in Western 
Europe, and in the United States. Sznajder et al[42], 
reported the cost of 1150 dollar/year of life preserved, 
and the cost of 4100 dollar/QALY in France in1996. Graf 
et al[43] in Germany reported the cost of 28354 dollar/
year of life preserved in the year 1998. Linko et al[35] 

reported on a prospective multicenter study conducted 
in 25 ICUs in Finland. The average life expectancy of 
survivors was 16.8 years, and 11.3 QALY, with the cost 
effectiveness ratio of 1391 dollar/QALY. Aforementioned 
studies did not use a standard comparator for ICU care, 
assuming that the alternative to the ICU treatment was 
a theoretical certainty of death. If we had assumed 
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Figure 8  The two way sensitivity analysis. Horizontal axis represents different values of the ARR. Vertical axis-values of ICER when cost per ICU day and ARR 
change: ICER 1 - daily ICU cost 193 dollar, ICER 2 - daily ICU cost 96.5 dollar (50% of reference cost), ICER 3 - daily ICU cost 289.5 (150% of reference cost), ICER 
4 - daily ICU cost 386 dollar (200% of reference cost), ICER 5 - daily ICU cost 579 dollar (300% of reference cost). Reference case, the ICER of 3254 dollar/ QALY 
when cost per ICU day is 193 dollar and ARR are value of 13.4. ICER: Incremental cost effectiveness ratio; ICU: Intensive care unit; QALY: Quality adjusted life year; 
ARR: Attributable mortality risk reduction.
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100% mortality in our comparator group, medical ICU 
patients in Sarajevo would have had an even more 
favorable CEA profile with the hospital cost per patient 
of 2771 dollar, the cost per hospital survivor 5327 dollar, 
and the cost per QALY 295 dollar, with the average life 
expectancy of 32 years. Edbrooke et al[29] conducted 
a large study which analyzed cost effectiveness of ICU 
treatment on the population of over 7000 patients in 
11 medical and surgical units in 7 different countries of 
the European Union. Results of this study indicate the 
cost of 103771 dollar/life saved, 7065 dollar/year of life 
saved, and the average expected length of life of 15 
years for survivors. This study did not take future health 
care costs into account.

Inter-study comparability is generally difficult with 
respect to different methodological approaches such 
as the costing, perspective, analytical horizon, and 
the QOL estimation. Our study is different from other 
published cost effectiveness studies in critical care 
because decision analytic modeling was used as an 
legitimate instrument in economic evaluation studies in 
order to implement methodological recommendations 
for cost effectiveness analyses in critical care given by 
the American Thoracic Society[18,44].

Defining what cost-effective is requires judgment 
about the social willingness to pay for a QALY or life 
year saved. Although there is no absolute cutoff, an 
incremental cost-effectiveness ratio of 50000 dollar to 
100000 dollar/year of life gained is generally considered 
a good value for money in the United States today[45]. 
Similarly, the National Institute for Clinical Excellence 
in the United Kingdom accepts technologies with cost 
effectiveness ratios ranging from £ 5000 to £ 15000 
per QALY[46]. The WHO gives a general interpretation 
of cost effectiveness of health interventions in the 
context of a country’s regional position and economic 
development[47]. Cost effectiveness of other medical 

interventions, such as coronary bypass surgery, 
mitral valve replacement for rheumatic heart disease, 
medical management for hypertension and tertiary 
management for lung, liver, esophageal, and stomach 
cancer was classified by the World Bank as so high that 
was recommended that public policy should discourage 
their use in settings where resources are severely 
constrained[10]. In spite of those recommendations, 
these interventions are being supported by public health 
authorities in developing countries. According to the 
WHO, values of ICER less than Gross Domestic Product 
(GDP) per capita are highly cost-effective, between one 
to three times GDP per capita are effective in terms 
of cost, while the value of ICER over three times GDP 
are not cost-effective. For Bosnia and Herzegovina, 
with the GDP per capita of 9100 dollar, the limit of 
acceptable ICER is approximately 27300 dollar for the 
year 2011 (Figure 9). Thus critical care in Sarajevo with 
the ICER less than Bosnian GDP per capita is very cost 
effective[47]. However, these estimations may not reflect 
affordability and social willingness to pay.

Like any research, this study has limitations. The 
study measured life expectancy using life tables for 
the population of Bosnia and Herzegovina to predict 
a remaining lifespan of patients. This approach as-
sumes that the life expectancy of survivors will be 
comparable to the life expectancy of an age-matched 
and sex-matched general population. ICU patients 
were followed up for one year after discharge from 
the hospital. This period appears to be long enough to 
determine possible additional mortality of patients after 
critical illness, because it appears that mortality in our 
patients stabilized five months after critical illness. This 
is consistent with previously published results[39,48,49]. 
Besides aforementioned, the post ICU survival rate was 
one of the key parameters for which we performed the 
sensitivity analysis. Secondly, the HRQOL was measured 
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Figure 9  The World Health Organization interpretation of the cost effectiveness of health care interventions. The WHO interprets the cost effectiveness of 
a health care intervention in relation to the country’s economic development represented by the GDP per capita. If the value of ICER is less than country’s GDP per 
capita, then the intervention is very cost effective. If the value of ICER falls between one and three times GDP per capita, then the intervention is cost effective and if 
the ICER is more than three times GDP per capita, the intervention is considered not cost effective. WHO: World Health Organization; GDP: Gross domestic product; 
ICER: Incremental cost effectiveness ratio.
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one year after hospital discharge and assumed to 
be constant over time. However, it is known that the 
HRQOL declines with age. In our patient sample, there 
was no statistically significant difference in the quality 
of life between age groups. Thirdly, patients that died 
within 24 h in the ICU were excluded from the analysis, 
which could introduce bias into the analysis. However, 
the overall number of those patients was small and 
unlikely to significantly impact on our results. Further, 
we had only 70% EQ-5D questionnaire respondents 
among one year survivors, which could also distort 
our results. For the rest of survivors, an approximation 
was made according to the methodology previously 
used[35]. With our questionnaire results we were able 
to roughly estimate the value of HRQOL one year after 
critical illness, and gain a sense of the order, which 
we found satisfactory for the rest of calculations. The 
fifth potential source of concern is the absence of the 
concurrent control group of critically ill patients treated 
on the ward. Since none of the studies came from the 
countries in development there is also the possibility 
of the publication bias, which might distort our results. 
We controlled the uncertainty around this parameter by 
the sensitivity analysis. The value of ICER for intensive 
care in Bosnia and Herzegovina would exceed 50000 
dollar/QALY only in cases where the attributable risk 
reduction for mortality was implausibly small. Contrary 
to that possibility, the highest values of attributable 
risk reduction are more appropriate for the Sarajevo 
University Clinical Center and consequently even better 
cost effectiveness of critical care.

In conclusion, public health authorities should 
support the development of critical care services in low 
and middle income countries because the ICU treatment 
of critically ill medical patients is cost effective.
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Abstract
AIM: To examine the feasibility and validity of electronic 

generation of quality metrics in the intensive care unit 
(ICU).

METHODS: This minimal risk observational study was 
performed at an academic tertiary hospital. The Critical 
Care Independent Multidisciplinary Program at Mayo 
Clinic identified and defined 11 key quality metrics. 
These metrics were automatically calculated using ICU 
DataMart, a near-real time copy of all ICU electronic 
medical record (EMR) data. The automatic report was 
compared with data from a comprehensive EMR review 
by a trained investigator. Data was collected for 93 
randomly selected patients admitted to the ICU during 
April 2012 (10% of admitted adult population). This 
study was approved by the Mayo Clinic Institution Review 
Board.

RESULTS: All types of variables needed for metric 
calculations were found to be available for manual and 
electronic abstraction, except information for availability 
of free beds for patient-specific time-frames. There was 
100% agreement between electronic and manual data 
abstraction for ICU admission source, admission service, 
and discharge disposition. The agreement between 
electronic and manual data abstraction of the time of 
ICU admission and discharge were 99% and 89%. The 
time of hospital admission and discharge were similar 
for both the electronically and manually abstracted 
datasets. The specificity of the electronically-generated 
report was 93% and 94% for invasive and non-invasive 
ventilation use in the ICU. One false-positive result for 
each type of ventilation was present. The specificity for 
ICU and in-hospital mortality was 100%. Sensitivity was 
100% for all metrics.

CONCLUSION: Our study demonstrates excellent accuracy 
of electronically-generated key ICU quality metrics. This 
validates the feasibility of automatic metric generation.
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Core tip: Meaningful use of electronic healthcare records 
(EHRs) requires quality measures. Many administrative 
reporting tools provided by current EHRs are based 
on insufficiently accurate data and thus of limited use. 
We examine the feasibility and the validity of electronic 
generation of institutional key intensive care unit (ICU) 
quality metrics using ICU DataMart, a near-real time 
relational database.
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INTRODUCTION
Up to 6 million adult patients are admitted annually to 
intensive care units (ICU) across the United States[1,2]. 
This environment is influenced by factors such as intense 
cognitive demands, multiple communication channels, 
interruptions, multitasking, and complex organ support 
devices[3,4]. The distinctive workflow and time sensitive 
nature of critical illness management are predisposing 
factors for medical errors[5,6].

According to an Institute of Medicine (IOM) report, 
health information technology (HIT) must play a central 
role in the quality improvement process of healthcare[7,8]. 
Quality measures are required for meaningful use of 
electronic health records (EHRs)[9]. ICU quality metrics 
focus on care processes such as adherence to best 
practices[10,11]. In comparison to these care processes, 
there are structural measures incorporated in the 
National Quality Forum (NQF) as quality measures. 
Metrics can be a valuable tool to evaluate the quality of 
care delivered to the patient and serve as an indicator to 
assess whether a patient received recommended steps 
of care[11,12]. The reporting of valuable quality measures 
drives clinical process improvements and is largely 
accepted by clinicians[13].

HIT offers the opportunity to conduct large scale 
quality improvement projects that were previously limited 
in scope due to the reliance on manual data abstraction. 
Manual generation of quality improvement metrics 
causes dissatisfaction and consumes time and human 
resources[14,15]. Current clinical information systems do not 
routinely support the generation of practice management 
reports. However, the federal Electronic Health Record 
Incentive Program expects embedded electronic reporting 
of Quality Metrics directly from EHRs[16]. Automated 
quality reporting saves 5 to 14 min per case for different 

metrics[17]. This translates to a theoretical savings of 
$1 million annually, assuming 100% accuracy of data 
extraction.

Most high level administrative reporting is based on 
flawed data and thus of limited clinical use[18,19]. Most 
of the elements known to be important indicators of 
processes of care are either not captured, or are captured 
with insufficient accuracy[18]. The EMR, on the other hand, 
is a rich source of pertinent information. We recently 
developed and successfully tested fully automatic APACHE 
and SWIFT score calculator[20,21]. These study examines 
the feasibility and the validity of electronic generation of 
key ICU quality metrics. 

MATERIALS AND METHODS
The Critical Care Independent Multidisciplinary Program 
(CC-IMP) team at Mayo Clinic defined 11 key ICU metrics 
for electronic reporting. Multiple variables required for 
electronic data abstractions were identified (Table 1). 

Patient population
Adult patients (age ≥ 18 years) admitted to the medical 
or surgical ICUs from 04/01/2012 through 04/30/2012 
were included. Patients without research authorization 
were excluded. Out of 925 eligible patients, 93 (10%) 
were randomly selected for validation purposes. The 
Mayo Clinic Institution Review Board approved this 
minimal risk study. 

Manual data extraction
All data necessary to calculate quality metrics was 
collected manually from the EMR by a trained researcher. 
Standard operating procedures were created to insure 
uniformity of data collection. Whenever a value was 
missing or unavailable it was assumed to be normal. 
The investigator involved in manual data extraction was 
blinded to the results of the electronic data extraction. 
Manually collected data was considered as the reference 
standard.

Electronic data extraction
Information required for quality reports was abstracted 
from Multidisciplinary Epidemiology and Translational 
Research in Intensive Care (METRIC) ICU DataMart, a 
near-real time relational database with open-schema 
data feeds imported from the EHR[22]. Data domains 
included physiologic monitoring, laboratory and radiologic 
investigations, medication orders, and provider notes. An 
automatic algorithm was used to identify the components 
required for each of the 11 metrics in the quality reports. 

Statistical analysis 
Descriptive data are presented as median with inter-
quartile range (IQR) for continuous variables or count 
with percentage for categorical variables. Paired t-test and 
McNemar’s tests were used to compare continuous and 
categorical variable between electronic and manual data. 
Sensitivity and specificity for electronic data abstraction 
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were calculated based on comparison of the test results 
and the reference standard (manually created report). All 
statistical analysis was performed in JMP (SAS, Cary, NC, 
United States). These statistical methods were reviewed 
by a statistician from the Division of Biomedical Statistics 
& Informatics at Mayo Clinic in Rochester, MN.

RESULTS
All types of variables needed for metric calculations 
were found to be available for manual and electronic 
abstraction, except information for availability of free 
beds for patient-specific time-frame (Table 2). 

There was excellent agreement for admission, dis-
charge, and transfer information, with the exception of ICU 

discharge time, which differed by more than 1 h in 10.7% 
of admissions. ICU and hospital mortality were reported 
identically in both cohorts, with absolute sensitivity and 
specificity (Table 3).

No statistically significant difference was found 
between manual and electronic cohorts comparing the 
use of invasive and non-invasive mechanical ventilation. 
One hundred percent of sensitivity was found for both 
variables. One false-positive result was returned from 
each type of ventilation usage, which produced decreased 
specificity (Table 4).

DISCUSSION
The Mayo Clinic EHR contains all necessary data for 

167 May 4, 2016|Volume 5|Issue 2|WJCCM|www.wjgnet.com

Table 1  Critical Care Independent Multidisciplinary Program defined metrics

Metric Description Variables needed

M1 Hospital length of stay 
for ICU graduates - 
unadjusted

Hospital length of stay is based on all patients discharged from 
the hospital during the specified time-frame. A patient may have 
multiple admissions to the ICU

Hospital Admission
Hospital Discharge
ICU admission
ICU discharge

M2 ICU length of stay - 
unadjusted

ICU length of stay is based on all patients discharged from the ICU 
during the specified time-frame

ICU admission
ICU discharge

M3 ICU length of stay - 
adjusted

Adjusted ICU length of stay is based on all patients discharged 
from the ICU during the specified time-frame. Expected ICU length 
of stay is the APACHE IV predicted ICU length of stay. Adjusted 
length of stay is observed ICU length of stay divided by expected 
ICU length of stay

ICU admission
ICU discharge
APACHE IV bundle (demographic, vitals, 
labs, Glasgow coma score, health conditions, 
time stamps and geolocations, procedures 
and diagnosis)

M4 ICU readmission rate Readmission summary is based on all patients admitted to the 
ICU during the specified time-frame. An admission is counted as 
a readmission if it is not the patient’s first admission to the ICU 
during that hospital stay. Readmissions to the same ICU and 
readmissions within 24 h are summarized

ICU admission
ICU discharge
Admission source (location)

M5 ICU admissions Admission summary is based on all patients admitted to the ICU 
during the specified time-frame

ICU admission
ICU discharge

M6 ICU admission source and 
admission service

Admission source summary is based on all patients admitted to the 
ICU during the specified time-frame

ICU admission
ICU discharge
Admission source (location)

M7 Duration of mechanical 
ventilation

Ventilation summary is based on all patients discharged from the 
ICU during the specified time- frame. Use of invasive and non-
invasive ventilation is summarized as well as the median duration. 
Numbers for invasive and non-invasive ventilation will not sum to 
the numbers for ventilation because patients may have both types

ICU admission
ICU discharge
Duration invasive or non-invasive 
ventilation for each day of ICU stay

M8 ICU mortality rate - 
unadjusted

Mortality rate summary is based on all patients discharged from 
the ICU during the specified time frame. Multiple discharges per 
patient are allowed

ICU admission
ICU discharge
Patient status

M9 ICU mortality rate - 
adjusted

Mortality summary is based on all patients discharged from the 
ICU during the specified time-frame. Multiple discharges per 
patient are allowed. Expected ICU mortality is based on each 
patient’s APACHE IV predicted probability of hospital death. 
Standard mortality ratio is calculated by dividing observed ICU 
mortality by expected APACHE IV hospital mortality

ICU admission
ICU discharge
Patient status
APACHE III/IV bundle (demographic, 
vitals, labs, Glasgow coma score, health 
conditions, time stamps and geolocations, 
procedures and diagnosis)

M10 ICU admissions for low-
risk monitoring

Low-risk monitoring summary is based on all patients admitted 
to the ICU during the specified time-frame. Low risk monitoring 
calculation based on the TISS-28 score[27]. Patients with score 0-13 
are considered low-risk monitoring

ICU admission
ICU discharge
TISS-28 score bundle (vitals, labs, orders, 
procedures)

M11 ICU census - hourly 
utilization

Unit utilization summarizes the average hourly unit utilization for 
each specified time-frame on the hourly ending census

ICU admission
ICU discharge
Number of bed per unit

ICU: Intensive care unit.
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patients resulted in variable sensitivity (from 46% to 
98%) and specificity (62% to 97%). Positive and negative 
predictive value ranged from 32% to 99%[25]. 

We used a different approach to provide metrics. 
Data, organized specifically for analytical purposes in ICU 
DataMart, provided accurate information about time-
specific events during hospitalization[3,4,26]. Using data 
independent from the clinical practice EHR infrastructure 
is more flexible. This allows for creation of specific rules 
and datasets generating algorithms for automated calcu-
lation of custom or externally reportable quality metrics. 
Once data are extracted, they are organized in specific 
tables in ICU DataMart. 

Attempts to analyze the agreement between manual 
and automated data revealed some sources of data 
discrepancy. Disagreement for the time of ICU discharge 
was 11%. This discrepancy resulted from a technical 
issue: Discharge time for automated data collection was 
initially defined when monitoring was discontinued, while 
in manual data abstraction, discharge was defined as the 
time discharge orders were written. These metrics have 
been useful for planning purposes as well.

Specific real time metrics were obtained and stored 
in ICU DataMart tables for retrospective analysis. For 
example, the current practice relies on this data for bed 
allocation as service line practices change over time. As 
a practice grows and requires more beds, our hourly 
bed utilization guides these changes.

These results demonstrate the feasibility of auto-
mated calculation of quality metrics with good accuracy, 
specificity, and sensitivity. ICU DataMart-based automated 
calculations can be utilized as a stand-alone tool for 
practice improvement, administrative purposes, or to 
provide externally reportable metrics if the institutional 
EHR does not support such activities. 

This retrospective study has several limitations. It 
was performed in a single center. A custom, institution-
specific ICU DataMart for data abstraction and specially 
developed quality metrics were used.

Automated Quality Metric calculations are feasible 
using a near-real time EHR infrastructure with data 

automatic abstraction and calculation of key quality 
metrics for ICU practice except availability of free beds 
and APACHE Ⅲ admission diagnosis. Demographic 
information, time stamps for admission and discharge, 
point-of-care related events, vital signs, laboratory 
findings, procedures, and outcomes were successfully 
extracted.

If integrated systems like METRIC ICU DataMart are 
not used, it is challenging to extract data for automated 
calculations of quality metrics. Dykes et al[22] reported 
41% of variables available from “draft documentation” 
and an additional 30% available from specific applications, 
resulting in only 71% of data needed for automated 
calculation of their custom quality metrics. Kaiser Per-
manente reports partial or full automation of 6 of 13 
quality metrics defined by the Joint Commission with 35% 
to 61% of data availability[17]. More specific automated 
quality metric calculation has been reported for SCIP-
VTE-2 (deep venous thrombosis) with an accuracy of 
96.3%[23]. Measurement concepts have been proposed 
for automated calculation of American College of Emer-
gency Physicians Quality Metrics basing on availability 
of variables[24]. EHR-based automated calculation of 
12 “meaningful use” quality metrics for more than 100 

Table 2  Clinical characteristics of baseline cohort

Number Characteristic1 Overall (n  = 93)

1 Age (yr)    73 (62, 83)
2 Male sex 53 (57%)
3 APACHE Ⅲ score      60 (46.5, 72)
4 SOFA score  3 (2, 5)
5 ICU type

   Medical 51 (56%)
   Surgical 29 (30%)
   Mixed 13 (14%)
Ventilator use

6    Invasive    18 (19.4%)
7    Non-invasive    22 (23.7%)
8 ICU length of stay (d)     1.1 (0.9, 2.1)
9 ICU mortality 1 (1%)
10 Hospital length of stay (d)       5.4 (3.6, 11.1)
11 Hospital mortality    10 (10.7%)

1Values are n (%) for categorical variables and median (IQR) for continuous 
variables. ICU: Intensive care unit.

Table 3  Agreement of admission, discharge, and transfer 
information

Component Agreement

Admit/discharge times1

   ICU admission   99%
   ICU discharge   89%
   Hospital admission 100%
   Hospital discharge 100%
Pre-ICU location 100%
Admission ICU 100%
ICU discharge location 100%

1Agreement was considered to be within ± 1 h. ICU: Intensive care unit.

Table 4  Analysis of sensitivity and specificity

Variables 
and their 
usage for 
metrics

Sensitivity Specificity True 
positive

False 
positive

True 
negative

False 
negative

MV use 
(from M7)

100% 94.40% 75 1 17 0

NIV use 
(from M7)

100% 95.50% 71 1 21 0

ICU 
mortality 
(M8, M9)

100%    100%   0 0 93 0

In-hospital 
mortality

100%    100% 10 0 83 0

M7, M8, M9 are quality metrics 7, 8 and 9 respectively. ICU: Intensive care 
unit.

Dziadzko MA et al . Automatic ICU quality improvement reports



169 May 4, 2016|Volume 5|Issue 2|WJCCM|www.wjgnet.com

storage capabilities. Electronic data extraction provided 
accurate (≥ 90%), sensitive (100%), and specific (≥ 
93%) results. No user interaction was required to obtain 
ICU quality metrics.
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Abstract
Ethical standards in the context of scientific publications 
are increasingly gaining attention. A narrative review 
of the literature concerning publication ethics was 

conducted as found in PubMed, Google Scholar, 
relevant news articles, position papers, websites 
and other sources. The Committee on Publication 
Ethics has produced guidelines and schedules for the 
handling of problem situations that have been adopted 
by professional journals and publishers worldwide as 
guidelines to authors. The defined requirements go 
beyond the disclosure of conflicts of interest or the 
prior registration of clinical trials. Recommendations to 
authors, editors and publishers of journals and research 
institutions were formulated with regard to issues of 
authorship, double publications, plagiarism, and conflicts 
of interest, with special attention being paid to unethical 
research behavior and data falsification. This narrative 
review focusses on ethical publishing in intensive care 
medicine. As scientific misconduct with data falsification 
damage patients and society, especially if fraudulent 
studies are considered important or favor certain 
therapies and downplay their side effects, it is important 
to ensure that only studies are published that have been 
carried out with highest integrity according to predefined 
criteria. For that also the peer review process has to 
be conducted in accordance with the highest possible 
scientific standards and making use of available modern 
information technology. The review provides the current 
state of recommendations that are considered to be 
most relevant particularly in the field of intensive care 
medicine.

Key words: Peer review; Duplicate publication; Pla-
giarism; Scientific misconduct; Publication retractions; 
Boldt fraud; Fujii fraud 

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.
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issues of authorship, double publications, plagiarism, 
and conflicts of interest, with special attention being 
paid to unethical research behavior and data falsifi-
cation. As scientific misconduct with data falsification 
damage patients and society, it is important to ensure 
that only studies are published that have been carried 
out with highest integrity according to predefined 
criteria and that also the peer review process has to 
be conducted in accordance with the highest possible 
scientific standards.

Wiedermann CJ. Ethical publishing in intensive care medicine: 
A narrative review. World J Crit Care Med 2016; 5(3): 171-179  
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v5/i3/171.htm  DOI: http://dx.doi.org/10.5492/wjccm.v5.i3.171

INTRODUCTION
Clinicians and researchers must be able to rely on 
the integrity and fair presentation of biomedical 
publications. They have, after all, a vested interest 
in it[1]. In recent years, the traditional relationship 
of trust between authors of publications of clinical 
studies, editors of medical journals, and their readers 
has come to falter because of numerous examples 
of open scientific misconduct[2-7]. Numerous journals 
in intensive care medicine have been affected by the 
increased number of published articles that they have 
had to retract. Measures to preserve scientific integrity 
are therefore becoming increasingly important. These 
include recommendations how to perform and present 
clinical studies. What publishers of scientific journals 
undertake to ensure the integrity of the scientific 
literature has become a recognized performance 
criterion[8]. The integrity of a biomedical journal depends 
on the ethical conduct of those who carry the greatest 
responsibility for the research publications, namely the 
authors, on the one hand, and the publishers, on the 
other, who need to understand that honest mistakes 
are inevitable, and are able to distinguish them from 
deliberate wrongdoing.

The editors need to ensure that all articles published 
in their journals fulfill the highest standards of scientific 
integrity[9]. Previously, when confronted with integrity 
problems, editors behaved as though unethical behavior 
of authors was not in their area of responsibility. Today, 
most of them have recognized that time and energy 
need to be invested in the investigation of allegations 
of scientific misconduct in order to ensure the scientific 
integrity of the journal. According to a recent survey of 
200 leading journals, only two-thirds have fixed rules 
on withdrawal of publications, and in 95% they would 
be allowed to opt for such a move even against the will 
of the authors[10].

Usually, accusations of wrongdoing are raised by 
referees or readers. Publishers may and can assume 
that the whistleblower is acting in good faith and 

that their anonymity must be protected. Accused 
authors again must be considered as innocent until 
the suspected misconduct has undergone careful 
examination and proven to be such. The principles 
underlying such an investigative procedure are the 
subject of this review paper. In this context, collabo-
ration between journals and research institutions is of 
key importance[11]. Based on the experiences of the 
recent past, the relevant issues include questions about 
misrepresentation of study designs, faulty statistics, 
double publications, data falsification, withdrawal of 
unreliable publications, and assessment of submitted 
manuscripts, including peer review, authorship issues 
and conflicts of interest. This review describes the 
principles of ethical publishing. It gives an overview 
on the subject. Statements are based on the available 
literature and the recommendations of the Committee 
on Publication Ethics (COPE) (http://publicationethics.
org). The problems addressed relate to allegation or 
evidence of various types of reporting bias, plagiarism, 
double publications, multiple submissions, fragmented 
multiple publications of research findings of individual 
studies, and selective reporting; authorship; falsification 
and fabrication of data; and withdrawal of published 
articles.

MeThODOlOgy
This narrative review has been made to address 
the problems of publication ethics in intensive care 
medicine. Author reviewed available literature, reports 
and surveys on the integrity of publications on critical 
care medicine as found in PubMed, Google Scholar, 
relevant news articles, position papers, websites and 
other sources. 

UNeThICal pUblIshINg IN INTeNsIve 
CaRe MeDICINe 
Retractions of publications are a sign that a journal 
takes seriously its responsibility for the integrity of 
its publications. Erroneous, unethical or fraudulent 
studies must be indicated to be such by using the 
possible formats “Expression of Concern”, “Erratum”, 
“Corrigendum” and “Notice of Retraction” or “Retraction 
Note” in order to ensure the scientific community 
that the publications in question have been assessed 
correctly and can be quickly identified as such in the 
literature databases.

Until a few years ago, relatively few retracted publi-
cations in the field of intensive care medicine were 
made public (Table 1). Recently, there has been an 
exponential growth in publication retractions both in 
biomedical literature and in the field of intensive care 
(Figure 1). This has as much to do with the capabilities 
of modern information technology and their impact 
on academic medicine and medical research as with 
changes in career opportunities for researchers and the 
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changing financial environment for research. And the 
number of publications retracted can be expected to 
rise in the future[12].

Two cases of research fraud in critical care medicine 
and anaesthesia
In the field of intensive care medicine, the majority of 
article withdrawals were made by leading international 

scientific journals of the United States and Europe (Am 
J Resp Crit Care Med, Chest, Crit Care Med, Intensive 
Care Med). These are rather high-impact and not low-
impact journals[13]. It is interesting to note that out of 
28 involved journals, two national journals, namely 
“Anaesthesia and Intensive Care” and “Anaesthesiology 
Intensive Care Emergency Medicine Pain Therapy” from 
Australia and Germany, respectively are responsible 
for a quarter of all withdrawals in the field of intensive 
care (Table 1): All six articles retracted by “Anesthesia 
and Intensive Care” were articles of the Japanese 
author Fujii and all six withdrawals by the journal 
“Anaesthesiology Intensive Care Emergency Medicine 
Pain Therapy” were publications of Boldt in Germany. 
These two cases of scientific misconduct represent 
almost half (22/48) of all publication retractions in this 
area of medical research and therefore need further 
scrutiny. In seven of the 48 retracted articles in the 
area of intensive care, “Intensive Care Medicine” was 
involved and six of them were publications of Boldt. 
The exact scope of his fraud has neither been clearly 
determined, nor fully investigated. What is clear is 
that Joachim Boldt as an author of more than 215 
publications on clinical trials had no authorization from 
the relevant ethics committees at both places where 
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  Journal Retractions 
(n )

Retracted 
Fujii papers 

(n )

Retracted 
Boldt papers 

(n )

  American Journal of Critical Care - - -
  American Journal of Respiratory 
  and Critical Care Medicine

  7 - -

  Anaesthesia and Intensive Care   6 6 -
  Anästhesiologie Intensivmedizin 
  Notfallmedizin Schmerztherapie

  6 -   6

  Annals of Intensive Care - - -
  Burns - - -
  Chest   5 - -
  Critical Care - - -
  Critical Care and Resuscitation - - -
  Critical Care Clinics - - -
  Critical Care Medicine   5 -   2
  Critical Care Nurse - - -
  Current Opinion in Critical Care   1 - -
  Injury   2 - -
  Intensive Care Medicine   7 -   6
  Journal of Critical Care - - -
  Journal of Intensive Care Medicine - - -
  Journal of Neurotrauma   1 - -
  Journal of Trauma and Acute Care 
  Surgery

- - -

  Journal of Trauma Nursing - - -
  Medicina Intensiva - - -
  Minerva Anestesiologica   2 1   1
  Neurocritical Care - - -
  Pediatric Critical Care Medicine - - -
  Respiratory Care   1 - -
  Resuscitation   3 - -
  Seminars in Respiratory and 
  Critical Care Medicine

- - -

  Shock   2 - -
  Total 48 7 15

Table 1  Retracted publications arising from 28 critical care 
journals

Results of a PubMed search (available from: URL: http//www.ncbi.
nlm.nih.gov/pubmed) on 05/04/2015. Search term “retraction of 
publication[publication type” and “american journal of critical care”
(journal) or “american journal of respiratory and critical care medicine” 
(journal) or “anaesthesia and intensive care” (journal) or “anasthesiologie 
intensivmedizin notfallmedizin schmerztherapie” (journal) or “annals of 
intensive care” (journal) or “burns” (journal) or “chest” (journal) or “critical 
care” (journal) or “critical care and resuscitation” (journal) or “critical 
care clinics” (journal) or “critical care medicine” (journal) or “critical care 
nurse” (journal) or “current opinion in critical care” (journal) or “injury” 
(journal) or “intensive care medicine” (journal) or “journal of critical care 
(journal) or “journal of intensive care medicine” (journal) or “journal of 
neurotrauma” (journal) or “journal of trauma and acute care surgery” 
(journal) or “medicina intensiva” (journal) or “minerva anestesiologica” 
(journal) or “neurocritical care” (journal) or “pediatric critical care 
medicine” (journal) or “respiratory care” (journal) or “resuscitation” 
(journal) or “seminars in respiratory and critical care medicine” (journal) 
or “shock” (journal).

PubMed literature database

Critical care medicine
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Figure 1  Retracted publications in biomedical literature and those 
arising from 28 critical care journals in the last five decades. Results of a 
PubMed search (available from: URL: http//www.ncbi.nlm.nih.gov/pubmed) on 
05/04/2015 with the search term (A) ‘’retraction of publication (publication type)’’ 
for the biomedical literature and (B) that of Table 1 for the critical care medicine 
literature (search terms described in Table 1).
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Although the fraudulent publications were discovered 
to be such only years later, recommendations to have 
these retracted were made to the responsible editors in 
a relatively short time, because the involved Japanese 
institutions and journals worked together constructively. 
Although research scandals are rated negatively by the 
public, in the end, particularly research institutions can 
benefit from this kind lively professionalism.

The Boldt fraud: In announcing the retraction of 
an article by Dr. Joachim Boldt, a group of editors 
declared that lack of ethics committee approval of a 
study does “not (...) mean that the research results 
per se are fraudulent”[5]. Data fraud was found in 10 
of the publications[14]. The Klinikum Ludwigshafen 
could not find study documents on 92% of patients 
recruited for studies[14]. Suspicious homogeneity in 
the mortality data was seen in five publications[15]. Six 
publications on cardiac and major abdominal surgery 
showed suspiciously low interleukin-6 measurement 
variability[16-21]. For two of the six articles[17,19] data for 
comparative analysis were available in a thesis[22]. The 
dissertation showed that the articles misrepresented a 
single study as two separate studies, and that data had 
been manipulated to conceal the double publication.

Dissertations as a data source for fraudulent publi-
cations were found in two other retractions, one of 
which had already been withdrawn due to lack of ethics 
committee approval[23-25]. As of today, 89 publications 
have been retracted because they had failed to obtain 
ethics committee approval[5]; there are additional arti-
cles that have been retracted because of data falsifi-
cation and double publications: two because of proven 
fabrication of data[26,27], and two because of proven data 
manipulation[28,29].

In 2012, the Klinikum Ludwigshafen pointed out that 
only those publications of Dr. Boldt had been examined 
that had appeared after 1999[14]. Because nearly 
40% of clinical trials were carried out at the University 
Hospital Giessen, and articles based on these trials were 
published prior to 1999 and because thesis data were 

he worked (University Hospital of Giessen and Klinikum 
Ludwigshafen) for carrying out research on patients. 
Therefore, a total of 88 of his publications were 
retracted in March 2011 for the time being.

The Fujii fraud: In 2000, a letter to the editor 
was published in “Anesthesia and Analgesia” that 
questioned the credibility of information on adverse 
drug reactions, because they were almost always 
identical in the 47 articles of the Japanese author Dr. 
Yoshitaka Fujii[2]. Against this background of suspicion 
of falsifying data, many years later, when the author 
submitted a manuscript to another journal, the matter 
was thoroughly investigated in cooperation with the 
publisher and the author’s research institution with 
the result that it was found that no ethics committee 
approval had been obtained for the study, and fur-
thermore, data manipulation was detected[3]. At the 
same time, the British anesthesiologist Dr. John Carlisle 
checked the integrity of the data of a total of 168 
randomized controlled trials that Dr. Fujii had published 
over the years. He gave overwhelming statistical 
evidence that it was highly unlikely that the statistical 
distributions of continuous and categorical variables 
described in the publications are what could be expected 
to occur by chance[4]. After further examination of 
several Japanese universities where Dr. Fujii had 
worked continuously only for a few years each, the 
suspicion of falsification could not be discounted. Finally, 
a hitherto unprecedented number of 189 publications in 
anesthesia and intensive care medicine journals were 
recommended for retraction by the Japanese Society for 
Anesthesia.

In the case of the Japanese anesthesiologist Dr. 
Yoshitaka Fujii, who had worked in six Japanese univer-
sities and falsified a large number of publications, the 
involved academic institutions, in collaboration with the 
Japanese Society of Anesthesiology, quickly analyzed 
300 articles after a group of editors and researchers 
suspected fundamental problems in many of his 
publications[2-4].
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  Who should Do what

  Institutions Have a representative or an office for research integrity with highly visible contact details
Inform magazines about cases of misconduct, in which the reliability of published data is doubtful

Respond to journals when requested for information on issues such as disputed authorship, questionable data quality, existing conflict of 
interest or other issues that could affect the reliability of the published works, including honest errors

  Journals Initiate investigations into allegations of scientific misconduct or unacceptable publication
Have guidelines to support responsible research and provisions for implementation of investigative procedures in cases of suspected 

scientific misconduct
Give the contact details of the publisher responsible for questions of research and publication integrity

Inform institutions if they suspect that wrongdoing by their researchers and submit evidence which support these concerns
Cooperate with the institutions in question and in investigations suspected misconduct

Be ready to announce retraction or correction of publications according to the guidelines on COPE if investigations confirm misconduct
Have guidelines for responding to institutions and other organizations that investigate suspected cases of scientific misconduct

Table 2  Cooperation between research institutions and journals on research integrity cases: Guidance from the committee on 
publication ethics 

COPE: Committee on publication ethics (available from: URL: http//publicationethics.org/resources/guidelines).
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falsified in publications[17,19,22-25], it can be assumed that 
falsification occurred prior to 1999.

In the meantime, comparative analysis of theses 
and publications are being carried out at the University 
of Giessen. Initial results have led to a series of further 
retractions, all of which are explained by systematic 
data falsification and partly with simultaneous dual 
publication[30-33] and trial design change[34]. From a 
confidential communication from the University of 
Giessen to the editors of the journals involved, from 
which “Retraction Watch”[35] was permitted to quote, it 
can be assumed that there are still large numbers of 
other publications of clinical studies of Boldt that will be 
retracted because of scientific misconduct going beyond 
lack of approval from ethics committee[34]. Among the 
most important issues that arise from the fraudulent 
series of Boldt is: How was it possible for Boldt to 
publish over a period of 25 years, working at two 
research facilities only, at least 217 articles on clinical 
trials involving thousands of patients with more than 
180 co-authors (Christian J Wiedermann, unpublished 
survey) without arousing any suspicion of misconduct in 
institutions where he worked and the co-authors?

CORReCTINg UNeThICal lITeRaTURe
Research-based institutions as well as scientific journals 
are obliged to fulfill their different responsibilities. 
Institutions are responsible for the conduct of research 
and the promotion of a healthy research environment. 
Journals are responsible for assuring that their editors 
uphold the high scientific quality of all their publications. 
On issues of integrity of the research, it is important 
for both sides to communicate and to cooperate with 
each other effectively. To achieve this, COPE has issued 
recommendations[36], according to which the obligations 
are defined (Table 2).

Data falsification, plagiarism, double publications 
and irregularities in the authorship are the most 
common reasons for journal editors for having to deal 
with the question whether published articles should 
be retracted. Other problems are those of patients’ 
rights and whether they were taken into consideration 
and whether permission was obtained from ethics 
committees. The retraction of publications should not 
be confused with “errata” or “corrigenda” - these are 
necessary when journals make some mistakes during 
production or when authors seek to retrospectively 
correct honest mistakes. 

Identification of plagiarism and data falsification
With word processors, it has become easy to copy data 
and texts when writing scientific articles and exchange 
texts between documents and thus inadvertently or 
intentionally produce plagiarized texts. It is therefore 
important that citations and paraphrasing are properly 
done. It must be clear that the copying of existing 
documents is only permitted if the copied sections are 

clearly labeled as such, for example, by the text being 
enclosed in quotation marks and by correctly specifying 
the sources. Many institutions and scientific journal, 
particularly in English-speaking countries, now check 
submitted texts with commercial plagiarism software. 
One such text-comparative software is “iThenticate”, 
which, in conjunction with a large database of published 
scientific documents called “Crosscheck” provided by 
publishers, detects plagiarism and redundant publication. 
One disadvantage of these systems is that analysis is 
limited to determining the number of copied words, 
and the number of copied words that is acceptable 
is defined by the institutions themselves and the 
journals[37]. Another disadvantage is that figures cannot 
be compared. The publishers of journals must them-
selves specify their evaluation criteria for text and 
picture similarities.

In surveys made, on average 2% of scientists 
admitted to having falsified research data at least 
once, and up to 34% admitted to having used other 
questionable research practices[38]. The actual frequency 
is likely to be even higher.

The approach to statistically identify potentially 
fraudulent data in publications of randomized clinical 
trials (RCTs) was developed and refined by Carlisle et 
al[39] so that “improbability” in the distribution of data 
in RCTs can be determined with increasing accuracy. 
It is conceivable that, in the foreseeable future, such 
statistical methods will be introduced in the publication 
routine - analogous to the use of software for detection 
of plagiarism to check plausibility of data integrity[40], 
which should become possible at least for prolific 
authors.

Retraction
Retractions of unreliable publications are important 
for scientific but also for economic reasons. After an 
investigation for misconduct, retracted publications of 
research projects that were funded by the “National 
Institutes of Health” in the United States lost about $58 
million in direct financing in 1992-2012, representing 
on average US$ 392.582 per article). Researchers 
affected by withdrawal of one of their articles suffered a 
90% decline in their publication output and large losses 
in the further financing of their projects[41]. Coauthors 
are not privy enough in publications also suffer from 
being under suspicion of participation in falsification and 
often without their knowledge. Their interest in correct 
publication practice can be used in strategies against 
unethical publishing[42].

Editorial efforts necessary for retracting a fraudulent 
publication are often enormous. Not least, the public 
loss of confidence arising from the misconduct and 
retraction of publications causes harm to scientific 
research itself. Although retracted publications represent 
only a small percentage of the total literature[43,44], 
it can be assumed that the number of unreported 
cases of falsified research reports is much higher than 
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is currently known. Only a fraction of the cases of 
scientific misconduct is actually uncovered and made 
public[38,45]. Worse still, the results of the retracted article 
continue to be cited[46-48]. Only in a fifth of the cases 
of announced retraction of scientific publications is 
research or publication misconduct cited as a reason by 
the journals for the retraction; in two-fifths of the cases, 
merely loss of credibility of data or their interpretation is 
cited as a reason[48].

From the fact of a journal withdrawing an article, is it 
permitted to conclude that the reason for retraction was 
scientific misconduct on the part of the authors? There 
are demands that this should not be done since there 
are several reasons why journals retract an article. This, 
however, is not a justifiable demand because authors 
identified as having falsified their data in one publication 
appear as authors in numerous retracted publications 
and thus distort the interpretation of the situation. Thus, 
although numerous articles of the anesthesiologist Dr. 
Joachim Boldt were retracted only for lack of ethics 
committee approval, suspicions of falsification were 
not investigated[49,50]. This shows how important the 
involvement of universities and research institutions in 
the review of falsification suspicion is, mainly because 
they have the ability to prove fraudulent intent and 
scientific fraud. This is underlined by the recent 
observation that even if regulatory authorities such as 
the American “Food and Drug Administration” (FDA) 
detects significant deviations from good clinical practice 
in clinical trials, they are seldom reflected in the clinical 
literature, and this happens even when there was 
clear evidence of data manipulation and other forms 
of scientific fraud[51,52]. As an example of misconduct 
in publication ethics, the FDA study for approval of the 
infusion solution Voluven® in United Sates can also 
be cited in this context: The nephrotoxic potential of 
this drug was indeed reported to the authorities, but 
was not been included in the publication, and this 
situation continues to this day without any relevant 
note of caution related to selective outcome reporting 
being added[53]. Another example is the FIRST trial[54], 
where the trial design has been published beforehand, 
but the final publication was different from the stated 
parameters[55].

Erratum, corrigendum and expression-of-concern 
COPE guidelines explain when articles should be 
retracted, when corrections should be made and 
when only the “expression of concern” might be more 
appropriately used. Decisions that editors of journals 
must make still remain difficult. Thus, an analysis of 
the response of individual journals to a recent series of 
unethical publications of the German anesthesiologist 
Dr. Joachim Boldt that would need to be retracted 
according to the research institutions involved shows 
that only a small percentage of these have been dealt 
according to the COPE criteria[56].

For the researchers themselves and for the public, 

withdrawal of publications and the reasons for it[44,57-59], 
are of increasing interest. Both the absolute and relative 
number of retracted articles has increased dramatically. 
To what extent this represents an increase of scientific 
misconduct is unclear because journals also have 
better ways to detect especially plagiarism and multiple 
publications. Undoubtedly, researchers are under great 
pressure to publish and be “cited”[60].

Editors and publishers have the important duty to 
draw the attention of readers to scientific misconduct 
when publications have proven to be unreliable. In 
times of the conventional printing and traditional 
library catalogs, it was difficult to make any necessary 
corrections and any retractions of publications known in 
such a way that they could be brought into relation with 
the original articles. Today, the electronic publishing and 
cataloging system has simplified this task enormously. 
Readers are referred to corrections or retractions of texts 
at the very beginning of their electronic search. In this 
respect, supplementary information is already added to 
the table of contents and the article itself. Corrections and 
retractions are built directly into the affected article in this 
way. CrossMark (http://www.crossref.org/crossmark/) 
provides additional opportunities for cross-reference 
to refer the reader to comments and modifications of 
scientific publications. Thus, publishers can meet their 
responsibilities, so that retracted publications do not 
continue to be cited.

In case serious misconduct is suspected, the inves-
tigation of which takes more time to complete than 
expected, editors can warn readers of potential 
problems with an individual article even before com-
pletion of the investigations. In such cases, the publi-
cation of an “expression of concern” is advised by COPE.

DegRees Of seveRITy Of fRaUDUleNT 
pUblICaTIONs
Even when intentional fraud seems obvious, ethical 
problems in publication may not be intentional and 
may arise out of ignorance or carelessness. This must 
be considered while investigating scientific misconduct. 
In the transparent description of such investigations, 
scientific journals as well as research institutions must 
handle the issue appropriately in accordance with the 
severity of misconduct involved. When plagiarism 
is suspected, there are differences in responsibility 
between senior researchers and young scientists in 
manuscript preparation, which should be reflected in the 
response of the journal to the submitted article, as well 
as the disciplinary measures taken by the institutions. 
The COPE algorithms describe in as differentiated a way 
as possible, how the publisher can respond to different 
types of ethical publication problems. Of course, not all 
aspects could be anticipated and some had to be left 
open and left to the co-operation between publishers, 
publishing houses and research institutions. One such 
issue is how to react to an anonymous informant.
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CONClUsION
Steps that need to be carried out by journal editors 
when confronted with unethical publishing include 
notifying the affected authors and research institutions, 
and investigation of the incident and publishing a report 
on it. It is important to be vigilant in order to detect 
breaches of publication ethics whenever they take 
place.

All authors must adhere to the principles of ethical 
publishing and agree with and conform to the policy 
of the journal in this regard. The corresponding author 
has obtained the consent of all the listed co-authors 
for the submission and publication of all versions of the 
manuscript. This is confirmed by all authors. All of the 
authors make their email address available, over which 
they are kept informed about all the steps up to the 
final step of publication or rejection.

All individuals have been added to the group of 
authors that have made a significant independent 
contribution to the manuscript.

The submitted manuscript is original and not already 
published elsewhere, except as oral presentation or 
poster with an abstract of no more than one page. In 
addition, the integrity of submitted articles is assured 
by the obligatory peer review process using all possible 
information technology and statistical tools.

The data of the manuscript have been obtained 
according to modern ethical standards taking into 
consideration the guideline recommendations such as 
those of PRISMA and free of decidedly non-authorized 
texts or data copies from other sources. All contents 
derived from previously published sources, either their 
own or those of others, are properly cited. Should 
any of the above-mentioned conditions be unmet, the 
authors are obliged to notify the journal as soon as 
possible about it. Correct statistics are important.

Editors, authors and reviewers must follow the basic 
rules of ethical publishing when submitting articles for 
publication, do peer reviewing or when they identify 
potential integrity problems when reading the articles. 
Most published articles are free of unethical behavior. 
Articles that, despite careful review process, violate 
good publication ethics, must be identified, analyzed 
and corrected or, where appropriate, retracted. In 
the work-up of problem cases, the methods formu-
lated in the recommendations of COPE (http://publi-
cationethics.org/resources/guidelines) can be put 
into use. “Intensive Care Medicine” makes full use of 
these recommendations. Rapid and close cooperation 
between authors, research institutions, the publisher 
of the journal and the publishing house is of the hig-
hest importance. It is emphasized that the critical 
reader plays an important role in the identification of 
irregularities and possible violation of good publication 
ethics. While respecting the reader anonymity, all con-
cerned are encouraged to report suspected misconduct 
to the publication editor of the magazine.

RefeReNCes
1 Caelleigh AS. Role of the journal editor in sustaining integrity in 

research. Acad Med 1993; 68: S23-S29 [PMID: 8373488 DOI: 
10.1097/00001888-199309000-00030]

2 Kranke P, Apfel CC, Roewer N, Fujii Y. Reported data on 
granisetron and postoperative nausea and vomiting by Fujii et al. 
Are incredibly nice! Anesth Analg 2000; 90: 1004-1007 [PMID: 
10735823 DOI: 10.1097/00000539-200004000-00054]

3 Miller DR. Retraction of articles written by Dr. Yoshitaka Fujii. 
Can J Anaesth 2012; 59: 1081-1088 [PMID: 23055039 DOI: 
10.1007/s12630-012-9802-9]

4 Carlisle JB. The analysis of 168 randomised controlled trials to test 
data integrity. Anaesthesia 2012; 67: 521-537 [PMID: 22404311 
DOI: 10.1111/j.1365-2044.2012.07128.x]

5 Editors-in-Chief statement regarding published clinical trials 
conducted without IRB approval by Joachim Boldt. Minerva 
Anestesiol 2011; 77: 562-563 [PMID: 21540815]

6 Shafer SL. Shadow of doubt. Anesth Analg 2011; 112: 498-500 
[PMID: 21296856 DOI: 10.1213/ANE.0b013e31820ad3b7]

7 China’s medical research integrity questioned. Lancet 2015; 385: 
1365 [PMID: 25890401 DOI: 10.1016/S0140-6736(15)60700-0]

8 Tobin MJ. Assessing the performance of a medical journal. Am J 
Respir Crit Care Med 2004; 169: 1268-1272 [PMID: 15187009 
DOI: 10.1164/rccm.2404006]

9 Bailar JI, Angell M, Boots S, Myers E, N Palmer, Shipley M, 
Woolf P. Ethics and Policy in scientific publication. Council of 
Biology Editors, Bethesda (MD), 1990

10 Resnik DB, Wager E, Kissling GE. Retraction policies of top scientific 
journals ranked by impact factor. J Med Libr Assoc 2015; 103: 
136-139 [PMID: 26213505 DOI: 10.3163/1536-5050.103.3.006]

11 Wager E, Kleinert S. Cooperation between research institutions and 
journals in research integrity cases: guidance from the Committee 
on Publication Ethics. London: Committee on Publication Ethics. 
[accessed 2015 Oct 12]. Available from: URL: http//publicatione-
thics.org

12 Marcus A, Oransky I. What studies of retractions tell us. J Microbiol 
Biol Educ 2014; 15: 151-154 [PMID: 25574267 DOI: 10.1128/jmbe.
v15i2.855]

13 Fang FC, Casadevall A. Retracted science and the retraction 
index. Infect Immun 2011; 79: 3855-3859 [PMID: 21825063 DOI: 
10.1128/IAI.05661-11]

14 Hospital presents results of final report: committee completes investi
gation in the case of Dr Boldt. [accessed 2015 Oct 13]. Available 
from: URL: http//www.klilu.de/content/veranstaltungen___presse/
pressearchiv/2012/hospital_presents_results_of_final_report_comm
ittee_completes_investigation_in_the_case_of_dr_boldt/index_ger.
html

15 Ioannidis JP, Trikalinos TA, Zintzaras E. Extreme between-study 
homogeneity in meta-analyses could offer useful insights. J Clin 
Epidemiol 2006; 59: 1023-1032 [PMID: 16980141 DOI: 10.1016/
j.jclinepi.2006.02.013]

16 Lang K, Suttner S, Boldt J, Kumle B, Nagel D. Volume replacement 
with HES 130/0.4 may reduce the inflammatory response in patients 
undergoing major abdominal surgery. Can J Anaesth 2003; 50: 
1009-1016 [PMID: 14656778 DOI: 10.1007/bf03018364]

17 Boldt J, Ducke M, Kumle B, Papsdorf M, Zurmeyer EL. Influence 
of different volume replacement strategies on inflammation and 
endothelial activation in the elderly undergoing major abdominal 
surgery. Intensive Care Med 2004; 30: 416-422 [PMID: 14712346 
DOI: 10.1007/s00134-003-2110-7]

18 Boldt J, Schölhorn T, Mayer J, Piper S, Suttner S. The value of an 
albumin-based intravascular volume replacement strategy in elderly 
patients undergoing major abdominal surgery. Anesth Analg 2006; 
103: 191-199, table of contents [PMID: 16790652 DOI: 10.1213/01.
ane.0000221179.07006.06]

19 Boldt J, Brosch Ch, Röhm K, Papsdorf M, Mengistu A. 
Comparison of the effects of gelatin and a modern hydroxyethyl 
starch solution on renal function and inflammatory response in 
elderly cardiac surgery patients. Br J Anaesth 2008; 100: 457-464 

August 4, 2016|Volume 5|Issue 3|WJCCM|www.wjgnet.com

Wiedermann CJ. Ethical publishing in intensive care medicine



178

[PMID: 18305082 DOI: 10.1093/bja/aen016]
20 Boldt J, Suttner S, Brosch C, Lehmann A, Röhm K, Mengistu 

A. The influence of a balanced volume replacement concept on 
inflammation, endothelial activation, and kidney integrity in elderly 
cardiac surgery patients. Intensive Care Med 2009; 35: 462-470 
[PMID: 18807007 DOI: 10.1007/s00134-008-1287-1]

21 Boldt J, Mayer J, Brosch C, Lehmann A, Mengistu A. Volume 
replacement with a balanced hydroxyethyl starch (HES) preparation 
in cardiac surgery patients. J Cardiothorac Vasc Anesth 2010; 24: 
399-407 [PMID: 20510247 DOI: 10.1053/j.jvca.2010.03.001]

22 Papsdorf M. Auswirkungen einer Volumenersatztherapie auf 
Makro- und Mikrozirkulation und deren Regulatoren: Ein 
Vergleich von Hydroxyethylstärke und Humanalbumin beim 
kritisch kranken Patienten. Dissertation, Justus-Liebig-Universität 
Gießen, 2004

23 Schellhaaß A. Untersuchungen über den Einfluss von Volumener-
satzmitteln auf die Blutgerinnung in der Abdominalchirurgie 
- Vergleich zweier kristalloider und zweier kolloidaler Volumeners-
atzmittel. Dissertation, Justus-Liebig-Universität Gießen, 2003

24 Boldt J, Haisch G, Suttner S, Kumle B, Schellhaass A. Effects of a 
new modified, balanced hydroxyethyl starch preparation (Hextend) 
on measures of coagulation. Br J Anaesth 2002; 89: 722-728 [PMID: 
12393770 DOI: 10.1093/bja/aef242]

25 Are lactated Ringer’s solution and normal saline solution equal with 
regard to coagulation?: Retraction. Anesth Analg 2011; 112: 1178 
[PMID: 21451081 DOI: 10.1213/ANE.0b013e31821a9566]

26 Retraction note: Volume therapy in the critically ill: is there a 
difference? Intensive Care Med 2014; 40: 145 [PMID: 24271030 
DOI: 10.1007/s00134-013-3164-9]

27 Boldt J, Suttner S, Brosch C, Lehmann A, Röhm K, Mengistu A. 
Cardiopulmonary bypass priming using a high dose of a balanced 
hydroxyethyl starch versus an albumin-based priming strategy. 
Anesth Analg 2009; 109: 1752-1762 [PMID: 19923501 DOI: 
10.1213/ANE.0b013e3181b5a24b]

28 Notice of formal retraction of an article by Dr Joachim Boldt. Br 
J Anaesth 2014; 112: 397 [PMID: 24431372 DOI: 10.1093/bja/
aet488]

29 Shafer SL. Editor’s note: notice of retraction. Anesth Analg 2014; 119: 
1225 [PMID: 25329035 DOI: 10.1213/ANE.0000000000000417]

30 Blood Conservation Techniques and Platelet Function in Cardiac 
Surgery: Retraction. Anesthesiology 2015; 123: 492 [PMID: 
26196884 DOI: 10.1097/01.anes.0000466953.80399.76]

31 Boldt J, Zickmann B, Rapin J, Hammermann H, Dapper F, 
Hempelmann G. Influence of volume replacement with different 
HESsolutions on microcirculatory blood flow in cardiac surgery. 
Acta Anaesthesiol Scand 1994; 38: 432-438 [PMID: 7524255 DOI: 
10.1111/aas.12585]

32 Boldt J, von Bormann B, Kling D, Börner U, Mulch J, Hempelmann 
G. Volume replacement with a new hydroxyethyl starch preparation 
(3 percent HES 200/0.5) in heart surgery. Infusionsther Klin Ernahr 
1986; 13: 145-151 [PMID: 2427448]

33 Boldt J ,  von Bormann B, Kling D, Börner U, Mulch J, 
Hempelmann G. Retraction Statement. Transfus Med Hemother 
2015; 42: 266 [PMID: 26557818 DOI: 10.1159/000436984]

34 Chaudry IH, Lang CH. Expression of concern. Shock 2015; 43: 
620 [PMID: 25978810 DOI: 10.1097/SHK.0000000000000393]

35 Palus S. Three more retractions for former record-holder Boldt, 
maybe more to come. [accessed 2015 Sept 30]. Available from: 
URL: http//retractionwatch.com/2015/08/13/three-more-retractions-
for-former-record-holder-boldt-maybe-more-to-come

36 Wager E, Kleinert S. Cooperation between research institutions and 
journals on research integrity cases: guidance from the Committee 
on Publication Ethics (COPE). Maturitas 2012; 72: 165-169 [PMID: 
22541357 DOI: 10.1016/j.maturitas.2012.03.011]

37 Wager E. Defining and responding to plagiarism. Learn Publ 2014; 
27: 33-42 [DOI: 10.1087/20140105]

38 Fanelli D. How many scientists fabricate and falsify research? 
A systematic review and meta-analysis of survey data. PLoS 
One 2009; 4: e5738 [PMID: 19478950 DOI: 10.1371/journal.
pone.0005738]

39 Carlisle JB, Dexter F, Pandit JJ, Shafer SL, Yentis SM. Calculating 
the probability of random sampling for continuous variables in 
submitted or published randomised controlled trials. Anaesthesia 
2015; 70: 848-858 [PMID: 26032950 DOI: 10.1111/anae.13126]

40 Miller DR. Probability screening in manuscripts submitted to 
biomedical journals--an effective tool or a statistical quagmire? 
Anaesthesia 2015; 70: 765-768 [PMID: 26033111 DOI: 10.1111/
anae.13165]

41 Stern AM, Casadevall A, Steen RG, Fang FC. Financial costs and 
personal consequences of research misconduct resulting in retracted 
publications. Elife 2014; 3: e02956 [PMID: 25124673 DOI: 
10.7554/eLife.02956]

42 Foo JY, Tan XJ. Analysis and implications of retraction period and 
coauthorship of fraudulent publications. Account Res 2014; 21: 
198-210 [PMID: 24325213 DOI: 10.1080/08989621.2013.848799]

43 Cokol M, Iossifov I, Rodriguez-Esteban R, Rzhetsky A. How many 
scientific papers should be retracted? EMBO Rep 2007; 8: 422-423 
[PMID: 17471252 DOI: 10.1038/sj.embor.7400970]

44 Steen RG. Retractions in the medical literature: Who is responsible 
for scientific integrity? Am Med Writers Ass J 2011; 26: 2-7

45 Titus SL, Wells JA, Rhoades LJ. Repairing research integrity. Nature 
2008; 453: 980-982 [PMID: 18563131 DOI: 10.1038/453980]

46 Budd JM, Sievert M, Schultz TR, Scoville C. Effects of article 
retraction on citation and practice in medicine. Bull Med Libr Assoc 
1999; 87: 437-443 [PMID: 10550028]

47 Wiedermann CJ. Hydroxyethyl starch effects on tissue perfusion 
and oxygenation in patients undergoing liver surgery. Int J Clin Exp 
Med 2014; 7: 1623 [PMID: 25035791]

48 Bornemann-Cimenti H, Szilagyi IS, Sandner-Kiesling A. 
Perpetuation of Retracted Publications Using the Example of the Scott 
S. Reuben Case: Incidences, Reasons and Possible Improvements. Sci 
Eng Ethics 2015 Jul 7; Epub ahead of print [PMID: 26150092 DOI: 
10.1007/s11948-015-9680-y]

49 Wilkes MM, Navickis RJ. The Boldt affair: a quandary for meta-
analysts. Anesthesiol News 2013; 39: 8-9

50 Grieneisen ML, Zhang M. A comprehensive survey of retracted 
articles from the scholarly literature. PLoS One 2012; 7: e44118 
[PMID: 23115617 DOI: 10.1371/journal.pone.0044118]

51 Hamrell MR. Raising suspicions with the Food and Drug 
Administration: detecting misconduct. Sci Eng Ethics 2010; 16: 
697-704 [PMID: 20842536 DOI: 10.1007/s11948-010-9232-4]

52 Seife C. Research misconduct identified by the US Food and Drug 
Administration: out of sight, out of mind, out of the peer-reviewed 
literature. JAMA Intern Med 2015; 175: 567-577 [PMID: 25664866 
DOI: 10.1001/jamainternmed.2014.7774]

53 Hartog CS, Reinhart K. CRYSTMAS study adds to concerns about 
renal safety and increased mortality in sepsis patients. Crit Care 2012; 
16: 454; author reply 454 [PMID: 23134688 DOI: 10.1186/cc11673]

54 James MF, Michell WL, Joubert IA, Nicol AJ, Navsaria PH, 
Gillespie RS. Resuscitation with hydroxyethyl starch improves renal 
function and lactate clearance in penetrating trauma in a randomized 
controlled study: the FIRST trial (Fluids in Resuscitation of Severe 
Trauma). Br J Anaesth 2011; 107: 693-702 [PMID: 21857015 DOI: 
10.1093/bja/aer229]

55 Finfer S. Hydroxyethyl starch in patients with trauma. Br J Anaesth 
2012; 108: 159-160; author reply 160-161 [PMID: 22157448 DOI: 
10.1093/bja/aer424]

56 Elia N, Wager E, Tramèr MR. Fate of articles that warranted 
retraction due to ethical concerns: a descriptive cross-sectional 
study. PLoS One 2014; 9: e85846 [PMID: 24465744 DOI: 10.1371/
journal.pone.0085846]

57 Wager E, Williams P. Why and how do journals retract articles? An 
analysis of Medline retractions 1988-2008. J Med Ethics 2011; 37: 
567-570 [PMID: 21486985 DOI: 10.1136/jme.2010.040964]

58 Williams P, Wager E. Exploring why and how journal editors retract 
articles: findings from a qualitative study. Sci Eng Ethics 2013; 19: 
1-11 [PMID: 21761244 DOI: 10.1007/s11948-011-9292-0]

59 Steen RG. Retractions in the scientific literature: is the incidence of 
research fraud increasing? J Med Ethics 2011; 37: 249-253 [PMID: 
21186208 DOI: 10.1136/jme.2010.040923]

August 4, 2016|Volume 5|Issue 3|WJCCM|www.wjgnet.com

Wiedermann CJ. Ethical publishing in intensive care medicine



179

60 Kornhaber RA, McLean LM, Baber RJ. Ongoing ethical issues 
concerning authorship in biomedical journals: an integrative review. 

Int J Nanomedicine 2015; 10: 4837-4846 [PMID: 26257520 DOI: 
10.2147/IJN.S87585]

P- Reviewer: Cattermole GN, Delgado MCM, den Uil CA, Llompart-
Pou JA    S- Editor: Qiu S    L- Editor: A    E- Editor: Wu HL

August 4, 2016|Volume 5|Issue 3|WJCCM|www.wjgnet.com

Wiedermann CJ. Ethical publishing in intensive care medicine



Sara Wilson, Nagendra Y Madisi, Adel Bassily-Marcus, Anthony Manasia, John Oropello, Roopa Kohli-Seth

Sara Wilson, Department of Clinical Nutrition, Mount Sinai 
Hospital, New York, NY 10129, United States 

Nagendra Y Madisi, Adel Bassily-Marcus, Anthony Manasia, 
John Oropello, Roopa Kohli-Seth, Division of Surgical Critical 
Care Medicine, Department of Surgery, Icahn School of Medicine 
at Mount Sinai, New York, NY 10129, United States

Author contributions: Wilson S, Madisi NY and Kohli-Seth 
R contributed equally to this work; Wilson S helped in the 
acquisition of the data; Wilson S, Madisi NY and Kohli-Seth 
R analyzed, interpreted the data and drafted the manuscript; 
Bassily-Marcus A, Manasia A and Oropello J provided analytical 
oversight, revised the manuscript and material support; Kohli-
Seth R contributed to the conception and design of the study, 
supervised the study and provided administrative support; all 
authors have read and approved the final version to be published.

Institutional review board statement: The study was 
reviewed and approved by Icahn School of Medicine at Mt Sinai 
Institutional Review Board.

Informed consent statement: Waiver of informed consent was 
provided by Icahn School of Medicine at Mt Sinai Institutional 
Review Board.

Conflict-of-interest statement: All the authors involved in the 
study have no conflict of interest to declare.

Data sharing statement: Data is available from the corre-
sponding author - nagendra.madisi@mountsinai.org.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Nagendra Y Madisi, MD, Critical Care 

Fellow, Division of Surgical Critical Care Medicine, Department 
of Surgery, Icahn School of Medicine at Mount Sinai, One 
Gustave L. Levy Place, Box 1264, New York, NY 10029, 
United States. nagendra.madisi@mountsinai.org
Telephone: +1-443-2207373

Received: February 24, 2016
Peer-review started: February 27, 2016
First decision: April 15, 2016
Revised: May 2, 2016
Accepted: June 1, 2016
Article in press: June 3, 2016
Published online: August 4, 2016

Abstract
AIM: To evaluate the impact of an enteral feeding 
protocol on administration of nutrition to surgical inten-
sive care unit (SICU) patients.

METHODS: A retrospective chart review was conducted 
on patients initiated on enteral nutrition (EN) support 
during their stay in a 14 bed SICU. Data collected over 
a seven-day period included date of tube feed initiation, 
rate initiated, subsequent hourly rates, volume provided 
daily, and the nature and length of interruptions. The six 
months prior to implementation of the feeding protocol 
(pre-intervention) and six months after implementation 
(post-intervention) were compared. One hundred and 
four patients met criteria for inclusion; 53 were pre-
intervention and 51 post-intervention.

RESULTS: Of the 624 patients who received nutrition 
support during the review period, 104 met the criteria 
for inclusion in the study. Of the 104 patients who met 
criteria outlined for inclusion, 64 reached the calculated 
goal rate (pre = 28 and post = 36). The median time 
to achieve the goal rate was significantly shorter in the 
post-intervention phase (3 d vs  6 d; P  = 0.01). The time 
to achieve the total recommended daily volume showed 
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a non-significant decline in the post-intervention phase 
(P  = 0.24) and the overall volume administered daily 
was higher in the post-intervention phase (61.6% vs  
53.5%; P  = 0.07). While the overall interruptions data 
did not reach statistical significance, undocumented 
interruptions (interruptions for unknown reasons) were 
lower in the post-intervention phase (pre = 23/124, 
post = 9/96; P  = 0.06). 

CONCLUSION: A protocol delineating the initiation 
and advancement of EN support coupled with ongoing 
education can improve administration of nutrition to 
SICU patients. 

Key words: Enteral nutrition; Surgical critical care; 
Protocol; Critical care; Nutrition support

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Surgical critical care patients are more prone to 
frequent feeding interruptions for unavoidable reasons. 
In this study we validated that implementation of a 
feeding protocol in a surgical intensive care unit (SICU) 
decreased time to achieve goal rate and increased 
the total volume administered daily, despite frequent 
interruptions. It also increased detailed documentation 
by unit staff of interruptions allowing us to identify a 
trend with regard to feeding interruptions to better 
understand which practices/procedures require further 
review. The median time to achieve the goal rate was 
significantly shorter in the post-intervention phase. The 
time to achieve the total recommended daily volume 
showed a non-significant decline in the post-intervention 
phase and the overall volume administered daily was 
higher in the post-intervention phase. While the overall 
interruptions data did not reach statistical significance, 
undocumented interruptions (interruptions for unknown 
reasons) were lower in the post-intervention phase. To 
our knowledge, we are the second largest single center 
study supporting the benefit of implementing a feeding 
protocol in a SICU.

Wilson S, Madisi NY, Bassily-Marcus A, Manasia A, Oropello 
J, Kohli-Seth R. Enteral nutrition administration in a surgical 
intensive care unit: Achieving goals with better strategies. World 
J Crit Care Med 2016; 5(3): 180-186  Available from: URL: 
http://www.wjgnet.com/2220-3141/full/v5/i3/180.htm  DOI: 
http://dx.doi.org/10.5492/wjccm.v5.i3.180

INTRODUCTION
Nutrition support is an important element of managing 
surgical critical care patients. Perioperative malnourish
ment and prolonged catabolism can lead to multiple 
deleterious effects, including delayed or abnormal 
wound healing, secondary infections, muscle atrophy, 
and increased length of stay[1,2]. Providing early enteral 
nutrition (EN) helps meet the metabolic demands during 

the acute phase of surgeryassociated critical illness, 
rebuilds nutritional stores during recovery, and reduces 
hospital mortality[36]. When oral feeding is not possible 
it is more physiologic to deliver nutrients through 
the gut to preserve its barrier role. EN is therefore 
preferred over parenteral nutrition (PN) as it has been 
shown to maintain gastrointestinal (GI) integrity and 
function and improve blood flow and peristalsis. It also 
prevents bacterial translocation, thereby decreasing 
the risk for systemic infections[7]. Existing literature 
shows that surgical patients are less likely to receive 
EN and more likely to receive PN compared to medical 
patients. Tube feeding is often delayed and patients 
are less likely to achieve nutritional adequacy following 
both elective and urgent surgery[8]. Patients undergoing 
gastrointestinal and cardiovascular surgeries receive 
the least amount of EN with no clear explanation[8]. 
Despite the known benefits, providing adequate nutrition 
early is challenging in the surgical intensive care unit 
(SICU) setting due to frequent interruptions from the 
scheduling of procedures and tests, perceived intolerance 
of tube feeding, ventilator weaning trials and routine 
nursing care. These lengthy and sometimes unnecessary 
interruptions lead to the inadequate administration of 
nutrition. Additionally, specific guidelines for controversial 
practices like checking gastric residual volume (GRV) 
can also lead to frequent and prolonged interruptions 
in feeding. Current literature on routine monitoring 
of GRV refutes the correlation between GRV and a 
patient’s risk for ventilator associated pneumonia, ICU
acquired infections, mechanical ventilation duration, ICU 
length of stay, or mortality rates[9] however, complete 
abandonment of this longstanding practice remains a 
challenge. Given the obstacles to optimal EN support 
for SICU patients, it is evident that there is a need for 
more structured processes that guide practitioners and 
standardize practice. 

MATERIALS AND METHODS
A quality improvement project was conducted in 
the SICU to determine whether patients were being 
adequately fed. Results indicated that 65% of patients 
did not achieve goal rate during the sevenday period, 
and 65% of patients received less than half of the total 
volume recommended daily. The results of this quality 
review coupled with the frequency and duration of 
tube feed interruptions led to the development of an 
EN feeding protocol. The protocol outlined instructions 
for more timely advancement of tube feeding to goal 
rate and incorporated guidelines intended to decrease 
unnecessary feeding interruptions. 

The aim of this study was to evaluate whether 
the EN feeding protocol improved the ability to meet 
nutritional goals in a timely fashion and increased 
overall administration of nutrition during SICU stay. 

Patients and settings
This study was conducted in the SICU of a 1171bed 

181

Wilson S et al . Enteral nutrition administration in a surgical ICU

August 4, 2016|Volume 5|Issue 3|WJCCM|www.wjgnet.com



tertiary care teaching hospital. The SICU is a closed 
14bed unit that admits approximately 900 patients 
annually with an average length of stay of five days. 
Most SICU patients are postoperative from a variety of 
surgical specialties, including general surgery, surgical 
oncology, and liver and intestinal transplant. The charts 
of 624 adult patients over 18 years of age who received 
EN support for a oneyear period were screened for 
inclusion in the study. Due to the retrospective nature 
of this study, the Institutional Review Board waived 
consent.

The preintervention phase was defined as the six 
months before the EN feeding protocol implementation 
and the postintervention phase was the six months 
post implementation (Table 1).

The primary hospital admission date, SICU admis
sion date, formula name, date of initiation, rate initiated, 
subsequent hourly rates, and volume provided daily 
were recorded over a sevenday period. The nature 
and length of interruptions were noted for all patients 
included in the study. 

Intervention
The EN protocol delineated steps for initiating, advan
cing and maintaining nutrition support in these patients. 
Following implementation of the protocol, EN was 
started at half the goal rate. Gastric residual volumes 
were checked 6 h after initiation. If GRV were less than 
250 mL, EN feeds were advanced to goal rate with GRV 
and signs and symptoms of intolerance monitored every 
6 h, for the first 24 h, or until confirmation of tolerance 
of tube feeding at the goal rate. In the event that GRV 
was more than 250 mL, the bedside nurse would inform 
the physician on call for further assessment of symptoms 
such as abdominal pain, distention, tenderness, vomiting 
or high GRV (≥ 500 mL). In the presence of any of 
these symptoms, EN feeding was held for 3 h with 
reevaluation thereafter. With implementation of the 
protocol, if symptoms were absent, the ICU team could 
start promotility agents, if not otherwise contraindicated. 
Promotility agents used included metoclopramide and 
erythromycin. The GRV was then rechecked after six 

hours and feeds advanced as indicated above. If EN 
was held due to intolerance or inability to advance to 
goal rate, PN support was considered. Stop rules for 
procedures were also developed to guide practitioners 
on the appropriate timing for holding EN support. For 
emergent procedures feeds would be held and NGT 
placed to suction to decompress the stomach. For non
emergent procedures, including planned surgery and 
elective tracheostomy, holding feeds 6 to 8 h prior to 
procedure was suggested, and for pressure support or 
weaning trials, holding feeds one hour prior to trial was 
advised. It was recommended that feeds be restarted 
upon return from procedure; pending confirmation from 
the primary team or upon determination that extubation 
was not possible (Figure 1). Nurses and physicians were 
educated on the protocol. The importance of clear and 
accurate documentation, including reason and duration 
of feeding interruptions was emphasized.

Statistical analysis
The KaplanMeier method was used to calculate the 
time to achieve goal rate and total recommended daily 
volume over the sevenday period. The LogRank test 
was used to compare the time to both of those events 
between the pre and postintervention phases. An 
aggregated average percent goal was calculated for 
each patient and compared. In addition, the percentage 
of patients who reached goal rate by day seven was 
compared. Interruptions were categorized by type 
into avoidable and unavoidable. Gastrointestinal sur
geries, interventional radiology (procedures, access), 
tracheostomy/PEG tube placement, extubation/re
intubation, ventilator weaning trials, high GRV (> 
500 mL), and abdominal imaging were considered 
unavoidable causes. Avoidable interruptions included 
imaging studies where the radiologist did not request 
fasting and GRV < 500 mL. The average length of 
interruptions by type in the pre and postintervention 
phases were also calculated and compared. The 
Statistical methods of this study were reviewed by John 
Doucette, Associate professor, preventive medicine at 
Icahn School of Medicine at Mt Sinai, New York.

RESULTS
Of the 624 patients who had nutrition support during 
the review period, 104 met criteria for inclusion in the 
study. Of the 104 who met criteria, 53 were pre and 51 
were postintervention (Table 2).

The largest admitting service was GI surgery 
followed by transplant, vascular surgery, surgical 
oncology, orthopedics and medicine.

Of the 104 patients monitored during the seven
day period, 40 did not reach goal rate (pre = 25, post 
= 15). Among those who did not reach goal rate, 22 
stopped enteral feeding before the seventh day due 
to extubation, transfer from ICU or hemodynamic 
instability (pre = 16/25, post = 6/15; P = 0.14). The 
remaining 18 patients continued on tube feeds for 
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  Exclusion criteria n Pre-
intervention 

phase

Post-
intervention 

phase

  Enteral nutrition not initiated 10   8   2
  Intestinal transplant   1   1   0
  Tube fed < 48 h 30 13 17
  Tube feed initiated before ICU 
  admission

  1   1   0

  Patient to or for GI surgery   2   2   0
  Not tolerating   1   1   0
  Withdrawal of care   0   0   0
  Total 45 26 19

Table 1  Exclusion criteria

Exclusion criteria with counts for pre-intervention, post-intervention and 
the total number of patients who met each criterion. ICU: Intensive care 
unit; GI: Gastrointestinal.

Wilson S et al . Enteral nutrition administration in a surgical ICU
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       Stop rules for procedures: 
Emergent procedure including 
intubation or surgery: Stop TF and 
decompress stomach with NGT to suction
Non-emergent procedure/surgery: Hold 
TF 6-8 h prior to procedure unless 
otherwise requested; After confirming with 
primary team, resume prior TF rate after 
procedure
Elective tracheostomy: Hold TF 6-8 h 
prior to procedure unless otherwise 
requested; resume prior TF rate after 
clearance with primary team 
Pressure support/weaning trial: Hold 
1 h prior to anticipated trial and restart 1 h 
later if no plans of extubation

ICU enteral nutrition protocol flowchart

On admission: Calculate nutritional goal (25 
Kcal/kg*BW/day)

GI tract function

Present

Absent

Start TF at least 1/2 
goal rate x 6 h[1]

Body weight used:

ABW 
Used when ABW < 90% IBW 
IBW, used 
when ABW within 10% IBW 
Adj BW, 
used when ABW > 120%
IBW; calculated as
(ABW-IBW x 0.25) + IBW

Evaluate need for 
parenteral nutrition support[5]

Check GRV

GRV > 250 mL GRV < 250 mL

Contact MD to evaluate for ALARM 
SIGNS:
Clinical S/Sx of GI distress: Abdominal 
pain, distention, tenderness, vomiting

Reinfuse residuals 
Increase TF to goal rate[2]

For pts with high GRV > 500 mL, skip to 5

(+) (-)

Do not reinfuse residuals 
Hold TF x 3 h[3]

Reinfuse residuals 
Continue TF at current rate 
Consider promotility agents:
Metoclopramide 5 to 10 mg Q6H
(Renally dose PRN)

or
Erythromycin 3 mg/k IV Q8H[4]

Check GRV in 6 h

GRV < 250 mL GRV > 250 mL

Reinfuse residuals 
Continue TF at 
goal rate

ALARM SIGNS

(-)

4 3

Check GRV in 3 h

GRV < 250 mL          GRV > 250 mL Check GRV in 6 h

1 ALARM SIGNS GRV < 250 mL GRV > 250 mL

ALARM SIGNS
(-) Reinfuse residuals

Continue TF at current rate

(+)

(+)                       (-) 

Hold TF and call MD
 to evaluate need for 
alternate nutritional
support (Option 5)

4

Do not reinfuse residuals 
Hold TF and call MD to 
evaluate need for alternate 
nutritional support (Option 5)EN Formulas:

Peptamen (1 Kcal/mL), semi-elemental 
Peptamen AF (1.2 Kcal/mL), semi- 
elemental/high protein
Peptamen 1.5 (1.5 Kcal/mL), semi- 
elemental, concentrated
Nepro (1.8 Kcal/mL), Lyte restricted 
Vivonex (1 Kcal/mL), elemental, low fat

Check GRV in 6 h

GRV < 250 mL GRV > 250 mL

Hold TF and call 
MD to evaluate need 
for alternate 
nutritional support 
(Option 5)

2

2

Figure 1  Intensive care unit enteral nutrition protocol flowchart. TF: Tube feeds; NGT: Nasogastric tube; GI: Gastrointestinal; PN: Parenteral nutrition; S/Sx: 
Symptoms and signs; pts: Patients; GRV: Gastric residual volume; ABW: Actual body weight; IBW: Ideal body weight; Adj BW: Adjusted body weight. 

(+)
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seven days without reaching goal rate.
The distribution of patients who reached goal rate 

was 55% (28/53) during the preintervention phase, 
and 71% (36/51) during the postintervention phase. 
The median time to achieve goal was significantly 
shorter in the postintervention phase (3 d vs 6 d; P 
= 0.01) (Figure 2). The overall time to achieve total 
recommended daily volume showed a nonsignificant 
decline in the postintervention phase (P = 0.24) (Figure 
3). The overall volume administered daily was higher 
in the postintervention phase (61.6% vs 53.5%; P = 
0.07). 

There were 124 instances of TF interruptions in the 
preintervention phase and 96 in the postintervention 
phase. The most common reason was tests and 
procedures (pre = 42/124, post = 49/96) followed by 
ventilator weaning (pre= 31/124, post = 19/96), GRV 
(pre = 22/124, post = 10/96), and “other” (which 
included nursing care, change in status and other 
miscellaneous reasons) (pre = 6/124, post = 9/96). 
Interruptions were categorized as “undocumented” 

when the reason could not be found in either the flow 
sheets or medical record. The overall interruption 
data did not reach statistical significance. However, 
undocumented interruptions were lower in the post
intervention phase (pre = 23/124, post = 9/96; P = 
0.06) (Table 3).

DISCUSSION
To our knowledge, our study is the second largest single 
center study supporting the benefit of the EN protocol in 
a SICU[10]. We compared the timeliness to achieve goal 
rate, the amount of EN received, frequency of nutrition 
interruptions, and accuracy of documentation in critically 
ill surgical patients before and after implementation 
of the EN protocol. Guidelines recommend initiating 
enteral feeds within 2448 h of ICU admission, yet up 
to 50% of patients do not even receive EN during their 
ICU stay[11,12]. Furthermore, EN interruption occurs 
more frequently in SICUs than their counterparts for 
multiple unavoidable reasons, including surgical pro
cedures and imaging studies. Hence, these patients are 
at higher risk of iatrogenic malnutrition[13,14]. There is 
an overall lack of consensus on the duration of time to 
hold EN in preparation for a procedure among various 
specialists, including anesthesiologists, surgeons and 
intensivists[15]. Physicians are often reluctant to start 
EN in hemodynamically unstable patients, despite the 
overwhelming data showing improved outcomes[16]. 
Establishing criteria for when to interrupt tube feeding, 
and more importantly, when to restart feeding, may 
improve overall administration of nutrition support[17]. 
After conducting the QI project on enteral feeding in 
our SICU, we determined that 65% of patients on 
EN support did not achieve goal rate by the seventh 
day of administration and received less than 50% of 
the dailyrecommended volume. The literature on 
developing protocols for EN administration suggests 
that outlining criteria for the initiation and advancement 
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  Patient 
  demographics

Pre-intervention 
phase

Post-intervention 
phase

All patients

  Age (yr) 67 ± 16 66 ± 16 67 ± 16
  Male 31 (58%) 26 (51%) 57 (55%)
  Height (cm) 166.79 ± 11.59 167.09 ± 12.37 166.93 ± 11.91
  Weight (kg) 76.7 ± 22.8 81.7 ± 25.5 79.1 ± 24.2
  GI surgery 18 (34%) 27 (53%) 45 (43%)
  Vascular surgery 8 (15%) 3 (6%) 11 (11%)
  Transplant 14 (26%) 11 (22%) 25 (24%)
  Medicine 3 (6%) 5 (9%) 8 (7.5%)
  Surgical oncology 7 (13%) 1 (2%) 8 (7.5%)
  Other (ENT, 
  HIV medicine, 
  orthopedics, 
  orthopedic 
  surgery, oral 
  and maxillofacial 
  surgery)

3 (6%) 4 (8%) 7 (7%)

  Total 53 51 104

Table 2  Baseline characteristics and study cohort

Data are reported as mean ± SD or n (%). Patient demographics (average 
age, gender, average height and average admission weight) and primary 
service caring for patient upon admission to ICU. ICU: Intensive care unit; 
GI: Gastrointestinal; HIV: Human immunodeficiency virus.

  Interruption Pre-intervention phase Post-intervention phase

  Procedures 17.4 (9-19)    20 (7-24)
  Residuals 17.5 (7-22) 21.5 (4-29)
  Weaning 13.6 (4-15) 12.6 (7-14)
  Other1  22.9 (10-48) 11.3 (3-15)
  Undocumented 5.7 (3-4)   6.9 (4-10)
  All interruptions      14.6 (4-17.25)    16.6 (5-22.5)

Table 3  Hold time (hours) median hold time and inter-
quartile ranges by interruption type

Data are reported as median and interquartile range. Length of interruptions 
by type during the pre- and post-intervention phases. 1Nursing care, change 
in status, etc.

1.0

0.8

0.6

0.4

0.2

0.0

Pr
ob

ab
ili

ty

Product-limit curves

Time (d)

Intervention phase       Post        Pre

0                       2                       4                       6

Figure 2  Days to achieve goal rate by intervention phase. The Kaplan-
Meier method was used to calculate the time to achieve goal rate over the 
seven-day period. The log-rank test was used to compare the time to both of 
those events between the pre- and post-intervention phases. 
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of EN support may improve nutrient delivery[17,18]. 
Moreover protocols also serve as an effective tool for 
the physicians intraining, registered nurses and other 
support staff. Multiple protocols have been introduced 
over the past years in different aspects of critical care 
medicine (ventilator weaning, spontaneous breathing 
and awakening trails, sedation and analgesia) leading to 
better outcomes[19].

Despite prolonged hold times our data supports the 
use of an EN protocol to decrease time to achieve goal 
rate and increase the volume of tube feeding delivered 
daily. Though data on interruptions varied between the 
pre and postintervention phases, it highlighted the 
extensive duration of interruptions for various reasons. 
During the postintervention phase one of the greatest 
challenges faced when executing the feeding protocol 
was overcoming existing nursing and physician practices 
regarding holding tube feeding and inconsistent docu
mentation. Creating awareness among physician and 
nursing staff of enteral feeding practices led to an 
increase in accurate documentation. 

Future research should focus on patient outcomes 
and quality indicators to promote the use of protocols 
for EN administration in the SICU, and further extended 
to other ICUs throughout the hospital. Optimizing the 
EN protocol by providing distinct instructions for how 
to minimize feeding interruptions could improve the 
parameters where significant progress was lacking 
between the pre and post intervention phases. Gui
delines and strategies for moving the location of the tip 
of the feeding tube more distal in the jejunum could 
also assist in reducing length of hold times for feeding 
intolerance. Incorporating volumebased practices that 
summarize how to adjust tubefeeding rates in order to 
“catchup” may also assist in optimizing the protocol, 
and increasing the overall administration of nutrition 
daily. By developing standards of practice and guidelines 
for when to hold and restart enteral feeds, we improved 

the overall administration of nutrition provided. 
Given the retrospective nature of our study, we are 

unable to establish cause and effect. The study does not 
draw solid conclusions, however the data can be used 
to provide descriptive characteristics, and add to the 
limited literature available. 

In conclusion, this study suggests a user friendly 
EN protocol in conjunction with extensive ongoing 
education may lead to shorter time to achieve goal 
rate, and enhance overall administration of nutrition to 
surgical critical care patients. 
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COMMENTS
Background
The benefits of enteral nutrition (EN) to critically ill patients are well cited in the 
reducing length of stay and hospital mortality. Clinical protocols serve as effective 
tools for guiding clinical practice and improving patient outcomes (e.g., ventilator 
weaning, spontaneous breathing and awakening).

Research frontiers
EN is preferred over parenteral nutrition, as it has been shown to maintain 
gastrointestinal integrity and function, and increase peristalsis and blood flow. 
Discrepancies between prescribed nutrition goal and actual nutrition delivered 
in critically ill patients are not uncommon; this is especially the case in the 
surgical population. Prior studies have established that feeding protocols can 
increase administration of nutrition to patients. The current research hotspot is to 
implement a feeding protocol in a surgical intensive care unit (ICU) setting where 
the number of interruptions are frequent and goal rates are often not achieved.

Innovations and breakthroughs
Few studies to date have been conducted on the use of feeding protocols in 
surgical ICU patients. Existing literature suggests patients are less likely to 
get EN compared to medical ICU patients due to concern of postoperative 
ileus, anastomotic leak, diagnostic testing and operative procedures. To our 
knowledge, this study is the second largest single center study supporting the 
benefit of implementing a feeding protocol in surgical ICU. The feeding protocol 
was introduced and data collected on the rate initiated and total volume provided 
daily. The authors monitored time to achieve goal rate and the total volume 
provided six months prior to and following implementation of the protocol. Overall 
time to achieve goal rate decreased, while the total volume administered daily 
increased. The protocol also led to an increase in detailed documentation of 
interruptions by the unit staff.  

Applications 
The study results suggest feeding protocols can lead to improved nutrient 
administration during the acute phase. Improved documentation may allow them 
to identify and trend with regard to feeding interruptions to better understand 
which practices or procedures require further review.

Terminology
EN is any method of feeding that utilizes the gastrointestinal tract to deliver 
nutrients. Parenteral nutrition, also referred to as intravenous feeding, is a 
method of providing nutrition into the body via the veins. 

Peer-review
This is a well-written paper, focused on an interesting topic.
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Figure 3  Days to achieve total recommended volume by intervention 
phase. The Kaplan-Meier method was used to calculate the time to achieve 
total recommended daily volume over the seven-day period. The log-rank test 
was used to compare the time to both of those events between the pre- and 
post-intervention phases.

 COMMENTS

Wilson S et al . Enteral nutrition administration in a surgical ICU



186

REFERENCES
1 McClave SA, Heyland DK. The physiologic response and 

associated clinical benefits from provision of early enteral nutrition. 
Nutr Clin Pract 2009; 24: 305-315 [PMID: 19483060 DOI: 10.117
7/0884533609335176]

2 Singer P, Anbar R, Cohen J, Shapiro H, Shalita-Chesner M, Lev S, 
Grozovski E, Theilla M, Frishman S, Madar Z. The tight calorie control 
study (TICACOS): a prospective, randomized, controlled pilot study 
of nutritional support in critically ill patients. Intensive Care Med 2011; 
37: 601-609 [PMID: 21340655 DOI: 10.1007/s00134-011-2146-z]

3 Heyland DK, Cahill N, Day AG. Optimal amount of calories 
for critically ill patients: depends on how you slice the cake! Crit 
Care Med 2011; 39: 2619-2626 [PMID: 21705881 DOI: 10.1097/
CCM.0b013e318226641d]

4 Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P. 
Canadian clinical practice guidelines for nutrition support in 
mechanically ventilated, critically ill adult patients. JPEN J Parenter 
Enteral Nutr 2003; 27: 355-373 [PMID: 12971736]

5 Heyland DK, Stephens KE, Day AG, McClave SA. The success 
of enteral nutrition and ICU-acquired infections: a multicenter 
observational study. Clin Nutr 2011; 30: 148-155 [PMID: 20971534 
DOI: 10.1016/j.clnu.2010.09.011]

6 Kreymann KG, Berger MM, Deutz NE, Hiesmayr M, Jolliet P, 
Kazandjiev G, Nitenberg G, van den Berghe G, Wernerman J, Ebner 
C, Hartl W, Heymann C, Spies C. ESPEN Guidelines on Enteral 
Nutrition: Intensive care. Clin Nutr 2006; 25: 210-223 [PMID: 
16697087]

7 Btaiche IF, Chan LN, Pleva M, Kraft MD. Critical illness, 
gastrointestinal complications, and medication therapy during 
enteral feeding in critically ill adult patients. Nutr Clin Pract 2010; 
25: 32-49 [PMID: 20130156 DOI: 10.1177/0884533609357565]

8 Drover JW, Cahill NE, Kutsogiannis J, Pagliarello G, Wischmeyer 
P, Wang M, Day AG, Heyland DK. Nutrition therapy for the 
critically ill surgical patient: we need to do better! JPEN J Parenter 
Enteral Nutr 2010; 34: 644-652 [PMID: 21097764 DOI: 10.1177/0
148607110372391]

9 Poulard F, Dimet J, Martin-Lefevre L, Bontemps F, Fiancette M, 
Clementi E, Lebert C, Renard B, Reignier J. Impact of not measuring 
residual gastric volume in mechanically ventilated patients receiving 
early enteral feeding: a prospective before-after study. JPEN J 
Parenter Enteral Nutr 2010; 34: 125-130 [PMID: 19861528 DOI: 
10.1177/0148607109344745]

10 Taylor B, Brody R, Denmark R, Southard R, Byham-Gray L. 
Improving enteral delivery through the adoption of the “Feed Early 
Enteral Diet adequately for Maximum Effect (FEED ME)” protocol 
in a surgical trauma ICU: a quality improvement review. Nutr Clin 
Pract 2014; 29: 639-648 [PMID: 25155862]

11 Yeh DD, Fuentes E, Quraishi SA, Cropano C, Kaafarani H, Lee J, 
King DR, DeMoya M, Fagenholz P, Butler K, Chang Y, Velmahos G. 
Adequate Nutrition May Get You Home: Effect of Caloric/Protein 
Deficits on the Discharge Destination of Critically Ill Surgical 
Patients. JPEN J Parenter Enteral Nutr 2016; 40: 37-44 [PMID: 
25926426 DOI: 10.1177/0148607115585142]

12 Heyland DK, Schroter-Noppe D, Drover JW, Jain M, Keefe L, 
Dhaliwal R, Day A. Nutrition support in the critical care setting: 
current practice in canadian ICUs--opportunities for improvement? 
JPEN J Parenter Enteral Nutr 2003; 27: 74-83 [PMID: 12549603]

13 Passier RH, Davies AR, Ridley E, McClure J, Murphy D, 
Scheinkestel CD. Periprocedural cessation of nutrition in the intensive 
care unit: opportunities for improvement. Intensive Care Med 2013; 
39: 1221-1226 [PMID: 23636828 DOI: 10.1007/s00134-013-2934-8]

14 Peev MP, Yeh DD, Quraishi SA, Osler P, Chang Y, Gillis E, 
Albano CE, Darak S, Velmahos GC. Causes and consequences of 
interrupted enteral nutrition: a prospective observational study in 
critically ill surgical patients. JPEN J Parenter Enteral Nutr 2015; 
39: 21-27 [PMID: 24714361 DOI: 10.1177/0148607114526887]

15 Schneider JA, Lee YJ, Grubb WR, Denny J, Hunter C. Institutional 
practices of withholding enteral feeding from intubated patients. 
Crit Care Med 2009; 37: 2299-2302 [PMID: 19455023 DOI: 
10.1097/CCM.0b013e3181a007eb]

16 Khalid I, Doshi P, DiGiovine B. Early enteral nutrition and 
outcomes of critically ill patients treated with vasopressors and 
mechanical ventilation. Am J Crit Care 2010; 19: 261-268 [PMID: 
20436064 DOI: 10.4037/ajcc2010197]

17 Heyland DK, Cahill NE, Dhaliwal R, Sun X, Day AG, McClave 
SA. Impact of enteral feeding protocols on enteral nutrition 
delivery: results of a multicenter observational study. JPEN J 
Parenter Enteral Nutr 2010; 34: 675-684 [PMID: 21097768 DOI: 
10.1177/0148607110364843]

18 Stewart ML. Interruptions in enteral nutrition delivery in critically 
ill patients and recommendations for clinical practice. Crit Care 
Nurse 2014; 34: 14-21; quiz 22 [PMID: 25086090 DOI: 10.4037/
ccn2014243]

19 Helwig A, Bower D, Wolff M, Guse C. Residents find clinical 
practice guidelines valuable as educational and clinical tools. Fam 
Med 1998; 30: 431-435 [PMID: 9624522]

P- Reviewer: Rossi RE, Willms DC    S- Editor: Gong ZM    
L- Editor: A    E- Editor: Wu HL

August 4, 2016|Volume 5|Issue 3|WJCCM|www.wjgnet.com

Wilson S et al . Enteral nutrition administration in a surgical ICU



Anne-Britt E Dekker, Pieta Krijnen, Inger B Schipper 

Anne-Britt E Dekker, Pieta Krijnen, Inger B Schipper, 
Department of Trauma Surgery, Leiden University Medical 
Center, 2333 ZA Leiden, The Netherlands 

Author contributions: This study represents a great deal of 
effort, resources and dedication on the part of the authors in 
reviewing the literature and performing statistical analyses; all 
authors have participated in a material way to at least three of 
the following elements: Study design, gathered data, analysed 
data, initial draft, ensured accuracy of data; all authors read and 
approved the final manuscript. 

Conflict-of-interest statement: All the authors declare that they 
have no competing interests. 

Data sharing statement: The technical appendix including the 
full search strategy for this systematic review is available from 
the corresponding author at A.E.Dekker@lumc.nl. Since this 
study did not involve any biostatistics, no statistical code and 
dataset are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative Commons 
Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, 
provided the original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Anne-Britt E Dekker, MD, Department of 
Trauma Surgery, Leiden University Medical Center, Postal Zone 
K6-R, Albinusdreef 2, 2333 ZA Leiden, 
The Netherlands. a.e.dekker@lumc.nl 
Telephone: +31-71-5261065
Fax: +31-71-5266750

Received: February 23, 2016 
Peer-review started: February 25, 2016 
First decision: March 24, 2016
Revised: April 8, 2016 
Accepted: April 21, 2016
Article in press: April 22, 2016

Published online: August 4, 2016

Abstract
AIM: To investigate posttraumatic cytokine alterations 
and their value for predicting complications and 
mortality in polytraumatized patients. 

METHODS: Studies on the use of specific cytokines to 
predict the development of complications and mortality 
were identified in MEDLINE, EMBASE, Web of Science 
and the Cochrane Library. Of included studies, relevant 
data were extracted and study quality was scored.

RESULTS: Forty-two studies published between 1988 
and 2015 were identified, including 28 cohort studies 
and 14 “nested” case-control studies. Most studies 
investigated the cytokines interleukin (IL)-6, IL-8, IL-10 
and tumor necrosis factor (TNF-a). IL-6 seems related 
to muliorgan dysfunction syndrome, multiorgan failure 
(MOF) and mortality; IL-8 appears altered in acute 
respiratory distress syndrome, MOF and mortality; IL-10 
alterations seem to precede sepsis and MOF; and TNF-a 
seems related to MOF. 

CONCLUSION: Cytokine secretion patterns appear to 
be different for patients developing complications when 
compared to patients with uneventful posttraumatic 
course. More research is needed to strengthen the 
evidence for clinical relevance of these cytokines. 

Key words: Multiple trauma; Cytokine; Acute respiratory 
distress syndrome; Sepsis; Muli-organ dysfunction 
syndrome; Multi-organ failure

© The Author(s) 2016. Published by Baishideng Publishing 
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developing complications is one of the most challenging 
problems in the therapy of multiple injuries. Close 
monitoring of cytokine secretion patterns could give 
physicians an impression of the individual risk for 
development of complications. Further, physicians are 
directed to the appropriate prophylactic treatment, 
as well as optimal timing of surgical interventions, 
thereby reducing “second hits” with subsequent risks 
of development of sepsis and multiorgan failure. This 
article provides an overview of the results from literature 
concerning posttraumatic immune alterations leading to 
various complications and death. 

Dekker ABE, Krijnen P, Schipper IB. Predictive value of 
cytokines for developing complications after polytrauma. World J 
Crit Care Med 2016; 5(3): 187-200  Available from: URL: http://
www.wjgnet.com/2220-3141/full/v5/i3/187.htm  DOI: http://
dx.doi.org/10.5492/wjccm.v5.i3.187

INTRODUCTION
The term polytrauma is used to describe a combination 
of serious injuries in at least two different anatomical 
regions. Polytraumatized patients that survive the 
initial impact of trauma, are confronted with an enor
mous host defence reaction, which is associated 
with morbidity and mortality. Trauma initiates a 
local proinflammatory response, encompassing the 
activation of effector cells, complement cascade, 
coagulation system, cytokines, acute phase proteins 
and neuroendocrine mediators[1,2]. This sequence of 
events is part of the physiologic response to trauma, 
as it serves to initiate the healing process, prevents 
the host from additional injury and acts as a barrier 
against infection[3]. Yet extensive trauma can arouse a 
comprehensive systemic inflammatory state known as 
the systemic inflammatory response syndrome (SIRS). 
An overactivated proinflammatory reaction leads to 
progressive sequestration of leukocytes in vital organs, 
predisposing patients to the development of organ 
failure. In an attempt to mediate these deleterious 
effects, immunesuppressive mediators are released. 
This counter regulatory response syndrome (CARS) 
becomes active almost immediately after the onset 
of SIRS[4]. Despite dampening inflammation, CARS 
itself may have unfavorable effects as well, as it can 
induce an increased susceptibility to infections and 
sepsis[2]. The posttraumatic immunologic alterations of 
combined SIRS and CARS have been termed CHAOS 
(cardiovascular shock, homeostasis, apoptosis, organ 
dysfunctions and immune suppression)[5]. With an 
overwhelming initial traumatic insult, an overstimulated 
SIRS response initiates the chaos that results in early 
multiorgan failure (MOF), present within 72 h after 
injury[2,6]. A less severe initial insult may prime immune 
cells while eliciting a moderate inflammatory reaction. In 
this setting, a second insult (“hit”) may strengthen the 

inflammatory reaction towards immune suppression, 
predisposing the patient to sepsis[7,8]. 

Cytokines play a pivotal role in both the pro-inflam-
matory and the antiinflammatory reaction to trau
ma[9,10]. The proinflammatory cytokine interleukin6 
(IL-6) is secreted by a wide range of cells including 
neutrophils, T and Blymphocytes and endothelial 
cells[8,11]. Release of IL-6 is enhanced after stimulation 
by micro-organisms and cytokines (TNF-a, IL-1β), 
and liberated after tissue damage and infection. The 
biologic activity of IL-6 includes increased T- and B-cell 
activation and proliferation, differentiation of cytotoxic T 
cells and enhanced activity of natural killer (NK) cells[12]. 
In addition, IL-6 mediates the induction of the acute 
phase response and reduces apoptosis in neutrophil 
granulocytes[4,11]. Combined actions lead to an effective 
SIRS response early after trauma. The pro-inflammatory 
cytokine IL-8 is an endogenous chemoattractant. 
Monocytes, macrophages, neutrophils and endothelial 
cells secrete IL-8, and its release is enhanced after 
stimulation with IL-1, TNF-a, C5a and LPS[9,13]. After 
activation, IL-8 induces expression of adhesion molecules 
on neutrophils and endothelial cells, which enables the 
migration of neutrophils to the site of production[4,9]. The 
anti-inflammatory cytokine IL-10 is primarily synthesized 
by CD4+ TH2 lymphocytes and, to a lesser extent, 
by B lymphocytes, monocytes and macrophages[8]. 
Activated IL-10 decreases the cytokine production of 
TH1 cells, reduces antigen presentation of macrophages 
and subsequent proliferation of Tlymphocytes, and 
suppresses monocyte function[4,14,15]. These actions make 
IL-10 one of the most important mediators in the anti-
inflammatory immune response. The pro-inflammatory 
cytokine TNF-a is one of the first cytokines to be released 
after trauma. The cytokine is produced by monocytes, 
macrophages, lymphocytes and T lymphocytes. After 
secretion, TNF-a increases endothelial cell permeability 
and adhesion properties, and activates macrophages, NK 
cells and lymphocytes. TNF-a also induces the secretion 
of various cytokines [IL-6, -8, -10, interferon (IFN-γ)] 
and immunoglobulin production[7,12]. Release of excessive 
TNF-a ultimately leads to accumulation of leukocytes in 
the injured tissues. Many of these cytokines attributed 
to the potential development of complications in 
polytrauma patient. Their exact causal role has not been 
detected yet.

Early identification of patients at risk for developing 
complications is one of the most challenging problems 
in the therapy of multiple injuries. Close monitoring of 
cytokine secretion patterns could give physicians an 
impression of the individual risk for development of 
complications. Further, physicians are directed to the 
appropriate prophylactic treatment, as well as optimal 
timing of surgical interventions, thereby reducing 
“second hits” with subsequent risks of development of 
sepsis and MOF. Previous studies have acknowledged 
the correlation between markers of inflammation and 
clinical condition after polytrauma. The aim of the 
current review was: (1) to summarize the available 
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knowledge on specific cytokines that are involved in the 
posttraumatic immune alterations; and (2) to assess 
the value of cytokines for predicting the development 
of acute respiratory distress syndrome (ARDS), sepsis, 
multiorgan dysfunction syndrome (MODS), MOF and 
mortality. 

MATERIALS AND METHODS
The systematic review was performed in concordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis statement[16]. Due to he
terogeneity across the studies in terms of patient 
population, study design and analytical techniques used, 
and the small amount of studies for each biomarker
complication combination, a metaanalysis was not 
feasible. 

Search strategy
Studies addressing the relation between complications 
after multiple trauma and cytokine concentrations, 
were identified in the following databases: MEDLINE 
(1988 - 18 January 2014), Embase (1988 - 18 January 
2014), Web of Science (1988 - 18 January 2014) and 
the Cochrane Library (to Issue 1, 2014). The search 
strategy was developed by an information specialist, and 
carried out using various combinations of the key words 
“multiple trauma”, “cytokines” and the complications 
“systemic inflammatory response sydrome (SIRS)”, 
“ARDS”, “sepsis”, “MODS”, “MOF” and “mortality”. In 
addition, forward citation searches of selected studies 
and literature reviews were carried out. The initial search 
was not limited by language, publication date and type 
of publication. In February 2016, an additional literature 
search of the mentioned databases was carried out. 
One relevant new article was found. 

Outcome definitions
Primary outcomes were the development of one or 
more of the following complications: (1) ARDS, deter
mined in concordance with the AmericanEuropean 
Consensus Conference 1994 definitions[17]; (2) sepsis, 
diagnosed when SIRS (defined according to the 
American College of Chest Physicians/Society of Critical 
Care Medicine Consensus Conference 1992[18]) occurred 
in combination with a septic focus or positive blood 
culture; (3) MODS; and (4) MOF, in the included studies 
diagnosed based on different scoring systems[1924]. 
The secondary outcome was mortality during a 
predetermined followup period of individual studies.

Study selection 
Studies were scanned for eligibility based on title and 
abstract. Subsequently, eligibility of selected studies 
was assessed by retrieving the full text of the article. 
Inclusion criteria were prospective or retrospective 
cohort, casecontrol and crosssectional studies inclu
ding at least 10 adult multiple trauma patients (ISS 
≥ 16). Excluded were articles in other language 

than English or German, animal studies and ex vivo 
studies, studies involving pediatric populations, case 
reports, review articles and letters/editorials. Studies 
not elaborating on the primary or secondary outcomes 
investigated in this review were also excluded. In 
addition, studies measuring cytokine concentrations 
in samples other than serum (e.g., wound exsudate, 
broncho-alveolar lavage fluid) were not eligible for 
inclusion, as local alterations in concentration may not 
reflect the systemic changes in the immune reaction. 

Data extraction
The following data were extracted from included 
studies: Title, study design, date of publication, size 
of study population, patient demographics, incidence 
of complications and mortality, followup period, type 
of cytokines studied, mean cytokine concentrations 
measured at specific moments during followup, and 
cutoff points with sensitivity and specificity. Data 
were extracted from figures when raw data were not 
available. In the case of duplicate publications, the most 
relevant or informative article was chosen. 

Quality assessment
The quality of included studies was critically evaluated 
with the strengthening the reporting of observational 
studies in epidemiology (STROBE) statement[25].

Biostatistics statement
In this review of the literature no biostatistical methods 
were used. For this reason, no biomedical statistician 
was involved for statistical review.

RESULTS
Identification of studies 
After exclusion of duplicate studies, the literature search 
yielded 730 potentially relevant articles. One hundred 
and thirty-eight articles passed the first screening and 
were retrieved for closer examination. Of the retrieved 
articles, 40 were eligible for study inclusion. The full text 
of six potentially relevant studies could not be obtained, 
which were therefore excluded from the analysis. Seven 
citations were found assessing reference lists of the 
included studies. One relevant article was encountered 
in the additional search carried out in 2016. The study 
selection procedure is outlined in Figure 1. 

Study characteristics
The 42 included articles consisted of 28 cohort studi-
es[3,13,2651] and 14 “nested” case-control studies[11,14,5263]. 
Two studies were retrospective[14,52]; the other 40 
studies were prospective in study design. Studies 
were published between 1988 and 2015, and together 
included 5756 patients. The development of ARDS in 
relation to cytokine levels was investigated in seven 
studies; sixteen studies determined cytokine concen
trations in sepsis; MODS development was assessed 
in ten studies; and eleven studies reported cytokine 
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the nine prospective studies, six[13,27,32,33,36,56] studies 
found a positive correlation between increased serum 
concentrations and development of MOF. Three[11,42,62] 

investigators demonstrated an elevated IL-6 in MOF 
patients, which was not predictive according to these 
studies (Table 5). Also, IL-6 tends to be higher in non-
survivors (Table 6).

IL-8: (1) Two prospective cohort studies[37,48] reported 
a positive correlation between increased serum IL-8 
concentrations and development of ARDS, whereas 
one[45] found no predictive value; (2) Two studies[38,55] 

reported that IL-8 was not significantly different 
between patients developing sepsis and those with 
an uneventful posttraumatic course; (3) One cohort 
study[3] found a higher IL-8 serum concentration in 
patients with MODS, which could however not predict 
the development of multiorgan dysfunction; and (4) Of 
the six included studies, four prospective studies[27,32,36,56] 
concluded that IL-8 is significantly higher in MOF. 
Two prospective studies[11,42] also found a significantly 
increased serum concentration, but concluded that 
this could not be translated into a predictive value for 
adverse outcome. Further, IL-8 concentrations seemed 
elevated in nonsurvivors. 

alterations in MOF. Twenty studies investigated the 
relation between cytokine concentrations and mortality. 
Only seven studies reported a cytokine cut-off value for 
the development of complications, five of which stated 
sensitivity (and specificity) for the cut-off value. Ten 
studies reported some kind of prediction value for the 
investigated cytokines (i.e., odds ratio, area under the 
curve, sensitivity and specificity, 95%CI and positive/
negative predictive value). All included studies are listed 
in Table 1. The overall study quality according to the 
STROBE statement was good, with a median total score 
of 18 points (range 12-24), suggesting a low risk of 
bias. 

Value of main cytokine concentrations for predicting 
complications 
IL-6: (1) ARDS; two studies[37,45] could not relate ARDS 
to IL-6 concentration alterations, whereas two other 
studies[48,51] found a positive correlation (Table 2); (2) 
Sepsis; five studies[35,41,46,47,53] found an increased IL-6 
production to be predictive for the development of sepsis, 
whereas five other studies[28,29,38,39,55] did not (Table 3); 
(3) MODS; all five prospective cohort studies[3,28,34,46,51] 

concluded that IL-6 is markedly increased in the early 
development of MODS (Table 4); and (4) MOF; of 
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“Cytokines”, “Multitrauma”, 
“Complications”

Pubmed: 514 references
Embase: 416

Web of Science: 222
Cochrane: 20

Limit: human, English/German, 
no experimental studies, no 

polymorphism studies

730 references
Pubmed: 514
Embase: 154

Web of Science: 61
Cochrane: 1

Excluded by title and abstract: 592

Potentially relevant publications based on title 
and abstract: 138 Excluded (98) by: 

Improper patients: 12
Improper markers: 13

Predictive factor not related to outcome: 20
Review/narrative review: 43

Letters/editorials: 10

Included references: 42

Included from references: 7
Included after additional  search 2016: 1

Figure 1  Results of the stepwise literature review procedure.
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IL-10: (1) Three studies, two prospective[54,57] and 
one retrospective[14], could not relate the serum 
IL-10 concentrations to the development of ARDS. 
One study[51] found IL-10 to be significantly higher in 
patients with ARDS; (2) Of the five reviewed studies, 
three prospective[29,50,54] and one retrospective study[14] 
found the IL-10 concentration to be predictive for 
the development of sepsis, whereas one prospective 
study[53] did not; (3) Two studies[51,54] reported IL-10 to 
be significantly elevated in patients with MODS, and two 
studies[3,57] could not find an association between the 
cytokine and development of MODS; and (4) According 

to five studies[13,32,33,36,50] the serum IL-10 concentration 
was significantly higher in MOF patients. One study 
showed no significant elevation[27]. 

TNF-a: (1) Three studies found no relation between 
TNF-a and development of ARDS[37,45,51]; (2) One 
study[55] concluded that concentrations were not 
related to development of sepsis, while one study[50] 

found significantly increased concentrations in septic 
patients; (3) Of the four studies reporting on TNF-a 
concentrations after trauma, two studies[31,51] found 
TNF-a to be related to the development of MODS, and 
two studies[3,57] could not relate serum concentrations 
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  No. Ref. Year Design No pts.
(control)

Cytokines ARDS 
(%)

Sepsis 
(%)

MODS 
(%)

MOF 
(%)

Mortality 
(%)

  1 Billeter et al[35] 2009 P-coh 1032 IL-6 10%
  2 Bogner et al[36] 2009 P-coh 58 IL-6, -8, -10 74% 19%
  3 Cook et al[58] 2013 P-cc 83 (18) G-CSF   7%   7%
  4 Cuschieri et al[34] 2010 P-coh 152 IL-6 37%   5%
  5 Donnelly et al[37] 1994 P-coh 15 IL-6, -8, -1β; TNF- 49% 33%

  6 Dresing et al[26] 2004 P-coh 30 IL-6; TNF- 13% 19%
  7 Egger et al[38] 2004 P-coh 26 IL-6, -8 35%
  8 Flores et al[39] 2001 P-coh 43 IL-6 49% 16%
  9 Frangen et al[59] 2008 P-cc 71 (25) IL-17, -6 22%
  10 Frank et al[11] 2002 P-cc 77 (15) IL-6, -8   9%
  11 Frink et al[3] 2009 P-coh 143 IL-1β, -6, -8, -10; TNF- 29% 17% 15%
  12 Gebhard et al[40] 2000 P-coh 94 IL-6 19%
  13 Giamarellos-Bourboulis et al[55] 2008 P-cc 69 (10) IL-6, -8; TNF-, IFN-γ 62% 35%
  14 Gouel-Chéron et al[53] 2012 P-cc 100 (18) IL-6, -10 37%   5%
  15 Haasper et al[28] 2010 P-coh 94 IL-6 16% 22% 13%
  16 Hayakawa et al[31] 2011 P-coh 45 TNF- 53% 25%
  17 Heizmann et al[52] 2008 R-cc 195 (10) IL-2, -4, -10, -11, -12, -18; IFN-γ 19%
  18 Jastrow et al[32] 2009 P-coh 48 IL-6, -8, -10, -1β, -2, -4, -12; 

TNF-
23% 17%

  19 Keel et al[41] 2009 P-coh 83 IL-6 40% 12%
  20 Lausevic et al[33] 2008 P-coh 65 IL-6, -10 62% 55% 51%
  21 Lausevic et al[29] 2010 P-coh 65 IL-6, -10 63% 51%
  22 Law et al[42] 1994 P-coh 13 IL-6, -8; TNF- 46% 23%
  23 Lendemans et al[13] 2004 P-coh 16 IL-6, -10; TNF- 56%
  24 Liener et al[43] 2002 P-coh 94 IL-8   0%   0%   0% 19%
  25 Livingston et al[44] 1988 P-coh 20 IFN-γ 30% 15%
  26 Maier et al[27] 2007 P-coh 251 IL-6, -8, -10 34% 12%
  27 Meade et al[45] 1994 P-coh 25 IL-6, -8; TNF- 36%
  28 Menges et al[50] 1999 P-coh 68 IL-10, -1; TNF- 25% 25%   1%
  29 Mommsen et al[30] 2009 P-coh 55 IL-18 42% 13% 13%
  30 Neidhardt et al[54] 1997 P-cc 417 (137) IL-10   5% 11% 22% 22%
  31 Oberholzer et al[46] 2000 P-coh 1276 IL-6, IL-10 14% 40%   7%
  32 Partrick et al[56] 1996 P-cc 27 (6) IL-6, -8 33%   7%
  33 Paunel-Görgülü et al[47] 2011 P-coh 47 (17) IL-6 38% 11%
  34 Raymondos et al[48] 2012 P-coh 24 IL-6, -8, -1β, TNF- 29% 4%
  35 Roetman et al[60] 2008 P-cc 229 (110) IL-18, -4; IFN-γ 16%
  36 Schinkel et al[61] 2005 P-cc 216 (110) IL-11   4% 16%
  37 Sherry et al[14] 1996 R-cc 66 (10) IL-10   8% 39%   2%
  38 Sousa et al[51] 2015 P-coh 99 IL-6, -10; TNF- 19% 34% 28%
 38 Spielmann et al[57] 2001 P-cc 47 (15) TNF- 11% 30% 51% 23%
  39 Svoboda et al[62] 1994 P-cc 42 (12) IL-1β, -2, -6; TNF- 33% 26%
  40 Wick et al[49] 2000 P-coh 37 IL-12 11% 16%
  41 Yagmur et al[63] 2005 P-cc 99 (10) IL-1, -2, -6, -8; TNF- 17%

Table 1  Overview of included studies, the studied cytokines and the outcome parameters (acute respiratory distress syndrome, 
sepsis, muli-organ dysfunction syndrome, multi-organ failure, mortality)

P-coh: Prospective cohort study; P-cc: Prospective case-control study; R-cc: Retrospective case-control study; IL: Interleukin; TNF: Tumor necrosis factor; 
IFN: Interferon; Pts: Patients; Y: Yes; N: No.
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  Ref. Year Design No pts. ARDS n  (%) Predicts ARDS Results 

  IL-6
     Donnelly et al[37] 1994 P-coh   15   7 (49%) N [IL-6] is not significantly different in ARDS
     Meade et al[45] 1994 P-coh   25   9 (36%) N [IL-6] is higher in patients with ARDS after onset of symptoms; does 

not predict development of ARDS
     Raymondos et al[48] 2012 P-coh   24   7 (29%) Y [IL-6] is significantly higher in patients at high risk for ARDS
     Sousa et al[51] 2015 P-coh   99 19 (19%) Y [IL-6] is significantly higher at 72 h post injury
  IL-8
     Donnelly et al[37] 1994 P-coh   15   7 (49%) Y [IL-8] is significantly higher in patients with ARDS, starting at 16 h 

post injury
     Meade et al[45] 1994 P-coh   25   9 (36%) N [IL-8] is higher in patients with ARDS after onset of symptoms; does 

not predict development of ARDS
     Raymondos et al[48] 2012 P-coh   24   7 (29%) Y [IL-8] is significantly higher in patients at high risk for ARDS
  IL-10
     Neidhardt et al[54] 1997 P-cc 417 19 (5%) N [IL-10] is not related to the development of ARDS
     Sherry et al[14] 1996 R-cc   66   5 (8%) N [IL-10] is not related to the development of ARDS
     Sousa et al[51] 2015 P-coh   99 19 (19%) Y [IL-10] is significantly higher in patients with ARDS upon admission, 

at 24 + 48 + 72 h post injury
     Spielmann et al[57] 2001 P-cc   47   5 (11%) N [IL-10] is not related to the development of ARDS
  TNF-aa
     Donnelly et al[37] 1994 P-coh   15  7 (49%) N [TNF-a] below detection limit
     Meade et al[45] 1994 P-coh   25   9 (36%) N [TNF-a] below detection limit
     Sousa et al[51] 2015 P-coh   99 19 (19%) N [TNF-a] is not related to the development of ARDS
  IL-1β
     Donnelly et al[37] 1994 P-coh   15   7 (49%) N [IL-1β] below detection limit
     Meade et al[45] 1994 P-coh   25   9 (36%) N [IL-1β] below detection limit

Table 2  Value of cytokine concentrations for predicting acute respiratory distress syndrome

P-coh: Prospective cohort study; P-cc: Prospective case-control study; R-cc: Retrospective case-control study; IL: Interleukin; TNF: Tumor necrosis factor; Pts: 
Patients; Y: Yes; N: No.

  Ref. Year Design No pts. Sepsis n  (%) Diagnostic tests Predicts 
sepsis

Results 

  IL-6
     Billeter et al[35] 2009 P-coh   1032 Y [IL-6] is significantly higher in sepsis 

between days 3-7
     Egger et al[38] 2004 P-coh   26     9 (35%) N [IL-6] is significantly higher in sepsis 

before clinical manifestations; does not 
predict sepsis

     Flores et al[39] 2001 P-coh   43   21 (49%) N [IL-6] is not significantly altered in sepsis
     Giamarellos-Bourboulis et al[55] 2008 P-cc   69   43 (62%) ROC AUC 0.500 

(95%CI: 0.304-0.696, 
P > 0.05)

N [IL-6] is not related to the development of 
sepsis

     Gouel-Chéron et al[53] 2012 P-cc 100   37 (37%) > 67.1 pg/mL: 
Sensitivity 85%; 
specificity 73%

Y [IL-6] > 67.1 pg/mL is predictive for sepsis 
on days 1 + 2 (OR = 10.9)

     Haasper et al[28] 2010 P-coh   94   15 (16%) N [IL-6] is not significantly different in sepsis
     Keel et al[41] 2009 P-coh   83   33 (40%) Y [IL-6] is significantly higher in sepsis on 

days 5 + 14
     Lausevic et al[33] 2010 P-coh   65   41 (63%) N [IL-6] is not predictive for sepsis
     Oberholzer et al[46] 2000 P-coh   1276 179 (14%) Y [IL-6] is significantly higher in septic 

patients
     Paunel-Görgülü et al[47] 2011 P-coh   47   18 (38%) AUC ROC 0.79 (day 5 

post injury)
Y [IL-6] is significantly elevated on days 5 + 

9 in sepsis
  IL-8
     Egger et al[38] 2004 P-coh   26     9 (35%) N [IL-8] is not significantly altered in sepsis
     Giamarellos-Bourboulis et al[55] 2008 P-cc   69   43 (62%) AUC ROC 0.453 

(95%CI: 0.254-0.652, 
P > 0.05)

N [IL-8] is not predictive for sepsis

  IL-10
     Gouel-Chéron et al[53] 2012 P-cc 100   37 (37%) N [IL-10] is not related to the development of 

sepsis
     Lausevic et al[33] 2010 P-coh   65   41 (63%) Y [IL-10] is significantly lower in sepsis on 

days 1 + 2
     Menges et al[50] 1999 P-coh   68   17 (25%) Y [IL-10] is significantly higher in sepsis and 

MOF after 6 d

Table 3  Value of cytokine concentrations for predicting sepsis
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     Neidhardt et al[54] 1997 P-cc 417   45 (11%) Y [IL-10] is significantly higher in sepsis on 
days 1 + 3 + 5 + 7 + 10 + 14 + 21

     Sherry et al[14] 1996 R-cc   66   26 (39%) Y [IL-10] is significantly higher in sepsis
  TNF-aa
     Giamarellos-Bourboulis et al[55] 2008 P-cc   69   43 (62%) AUC ROC 0.466 

(95%CI: 0.274-0.657, 
P > 0.05)

N [TNF-a] is not related to the development 
of sepsis

     Menges et al[50] 1999 P-coh   68   17 (25%) Y [TNF-a] is significantly higher in sepsis 
and MOF after 8 d

  IFN-γ
     Giamarellos-Bourboulis et al[55] 2008 P-cc   69   43 (62%) N [IFN-γ] below detection limit
     Livingston et al[44] 1988 P-coh   20     6 (30%) Y [IFN-γ] is markedly lower in sepsis 

after 14 d
  G-CSF
     Cook et al[58] 2013 P-cc   83   6 (7%) Y [G-CSF] > 500 pg/mL is significantly 

associated with sepsis
  IL-18
     Mommsen et al[30] 2009 P-coh   55   23 (42%) Y [IL-18] is significantly higher in sepsis on 

days 3-6 post injury
  IL-1
     Menges et al[50] 1999 P-coh   68   17 (25%) Y [IL-1] is significantly higher in sepsis and 

MOF on days 3 + 5 + 6 + 9 - 13

P-coh: Prospective cohort study; P-cc: Prospective case-control study; R-cc: Retrospective case-control study; IL: Interleukin; TNF: Tumor necrosis factor; 
IFN: Interferon; ROC: Receiver operating characteristic; AUC: Area under curve; Pts: Patients; Y: Yes; N: No.

  Study Year Design No 
pts.

MODS 
n  (%)

Diagnostic tests Predicts MODS Results

  IL-6
     Cuschieri et al[34] 2010 P-coh   152 29 (37%) > 350 pg/mL: Sensitivity 

79%, specificity 76%; OR = 
3.87 (95%CI: 1.13-11.19)

Y [IL-6] > 350 pg/mL is highly associated with MODS

     Frink et al[3] 2009 P-coh   143 24 (17%) r = 0.35; > 761.7 pg/
μL: Sensitivity 16.7%, 

specificity 98.3%

Y [IL-6] > 76.6 pg/μL is associated with MODS with 
accuracy of 84.7%

     Haasper et al[28] 2010 P-coh     94 21 (22%) Y [IL-6] is significantly higher in MODS on days 1 + 7
     Oberholzer et al[46] 2000 P-coh 1276    516 (40%) Y [IL-6] is significantly higher in (severe) MODS
     Sousa et al[51] 2015 P-coh     99 34 (34%) > 294 pg/mL: AUC ROC 

0.769 (95%CI: 0.414-0.736)
Y [IL-6] > 294 pg/mL is associated with MODS at 48 + 72 h 

post injury
  IL-8
     Frink et al[3] 2009 P-coh   143 24 (17%) r = 0.53; sensitivity 0% N [IL-8] is significantly higher in MODS; does not predict 

development of MODS
  IL-10
     Frink et al[3] 2009 P-coh   143 24 (17%) r = 0.31; sensitivity 0% N [IL-10] is significantly higher in MODS; does not predict 

development of MODS 
     Neidhardt et al[54] 1997 P-cc   417 92 (22%) Y [IL-10] is significantly higher in MODS on days 1 + 3 + 5 

+ 7 + 10 + 14 + 21 post injury
     Spielmann et al[57] 2001 P-cc     47 24 (51%) N [IL-10] is not related to the development of MODS
     Sousa et al[51] 2015 P-coh     99 34 (34%) > 4.93 pg/mL: AUC ROC 

0.700 (95%CI: 0.506-0.841)
Y [IL-10] > 4.93 pg/mL is associated with MODS at 24 + 72 

h post injury
  TNF-aa
     Frink et al[3] 2009 P-coh   143 24 (17%) r = 0.32; sensitivity 0% N [TNF-a] is significantly higher in MODS; does not predict 

development of MODS
     Hayakawa et al[31] 2010 P-coh     45 24 (53%) Y [TNF-a] is significantly higher in MODS on days 3 + 5
     Sousa et al[51] 2015 P-coh     99 34 (34%) Y [TNF-a] is associated with MODS at 48 h post injury
     Spielmann et al[57] 2001 P-cc     47 24 (51%) N [TNF-a) is not associated with MODS
  IL-1β
     Frink et al[3] 2009 P-coh   143 24 (17%) r = 0.00; sensitivity 0% N [IL-1β] is not related to development of MODS
  IL-12
     Wick et al[49] 2000 P-coh     37   4 (11%) Y [IL-12] is significantly lower in patients with MODS
  IL-18
     Mommsen et al[30] 2009 P-coh     55   7 (13%) Y [IL-18] is significantly higher in MODS on days 2 + 3 + 6 

+ 7 + 9 + 10 + 13 + 14
  MIF
     Hayakawa et al[31] 2010 P-coh     45 24 (53%) Y [MIF] is significantly higher in MODS

Table 4  Value of cytokine concentrations for predicting muli-organ dysfunction syndrome

P-coh: Prospective cohort study; P-cc: Prospective case-control study; R-cc: Retrospective case-control study; IL: Interleukin; TNF: Tumor necrosis factor; 
IFN: Interferon; ROC: Receiver operating characteristic; AUC: Area under curve; r: Correlation coefficient between cytokine and development of MODS; 
MODS: Muli-organ dysfunction syndrome; Pts: Patients; Y: Yes; N: No.
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  Ref. Year Design No 
pts.

MOF
n (%)

Diagnostic tests Predicts
MOF

Results 

  IL-6
     Bogner et al[36] 2009 P-coh   58 43 (74%) Y [IL-6] is significantly higher in MOF at 0 - 24 + 72 h
     Frank et al[11] 2002 P-cc   77 r = 0.25 on day 2 N [IL-6] is significantly higher in MOF; no reliable 

predictor due to low r
     Jastrow et al[32] 2009 P-coh   48 11 (23%) AUC ROC 0.816; (IL-6) > 0.861 

pg/mL: sensitivity 57%, PPV 100%
Y [IL-6] > 0.861 pg/mL is highly predictive for MOF

     Lausevic et al[33] 2008 P-coh   65 36 (55%) Y [IL-6] is significantly higher in MOF on all days of 
hospitalization

     Lendemans et al[13] 2004 P-coh   16   9 (56%) Y [IL-6] is significantly higher in MOF after two weeks
     Law et al[42] 1994 P-coh   13   6 (46%) N [IL-6] is elevated in MOF, does not predict MOF
     Maier et al[27] 2007 P-coh 251 85 (34%) AUC ROC 0.70 for late-onset 

MOF
Y [IL-6] is predictive for (late) MOF

     Partrick et al[56] 1996 P-cc   27   9 (33%) Y [IL-6] is significantly higher in MOF at 12 + 36 h
     Svoboda et al[62] 1994 P-cc   42 14 (33%) N [IL-6] is higher in MOF at day 1, does not predict MOF
  IL-8
     Bogner et al[36] 2009 P-coh   58 43 (74%) Y [IL-8] is significantly higher in MOF from 0-72 h
     Frank et al[11] 2002 P-cc   77 r = 0.32 on day 2 N [IL-8] is significantly higher in MOF; not reliable due to 

low r
     Jastrow et al[32] 2009 P-coh   48 11 (23%) Y [IL-8] is significantly higher in MOF from 0-24 h
     Law et al[42] 1994 P-coh   13   6 (46%) N [IL-8] is elevated in MOF, does not predict MOF
     Maier et al[27] 2007 P-coh 251 85 (34%) AUC ROC 0.69 for late-onset 

MOF
Y [IL-8] is predictive for (late) MOF

     Partrick et al[56] 1996 P-cc   27   9 (33%) Y [IL-8] is significantly higher in MOF at 12 + 36 + 84 h 
  IL-10
     Bogner et al[36] 2009 P-coh   58 43 (74%) Y [IL-10] is significantly higher in MOF in early post-

injury phase (< 12 h)
     Jastrow et al[32] 2009 P-coh   48 11 (23%) AUC ROC 0.776; (IL-10) > 38.6 

pg/mL: Sensitivity 71%, PPV 77%
Y [IL-10] > 38.6 pg/mL is predictive for MOF

     Lausevic et al[33] 2008 P-coh   65 36 (55%) Y [IL-10] is significantly higher in MOF in very early post 
injury phase

     Lendemans et al[13] 2004 P-coh   16   9 (56%) Y [IL-10] is significantly higher in MOF on days 3 + 4
     Maier et al[27] 2007 P-coh 251 85 (34%) AUC ROC 0.60 for late-onset 

MOF
N [IL-10) is not predictive for MOF

     Menges et al[50] 1999 P-coh   68 17 (25%) Y [IL-10] is significantly higher in sepsis and MOF after 6 
d

  TNF-aa
     Jastrow et al[32] 2009 P-coh   48 11 (23%) Y [TNF-a] is significantly higher in MOF from 2 – 6 + 10 – 

24 h
     Lendemans et al[13] 2004 P-coh   16   9 (56%)  Y [TNF-a] is significantly higher in MOF on days 7 + 8 + 

10 + 11
     Menges et al[50] 1999 P-coh   68 17 (25%) Y [TNF-a] is significantly higher in sepsis and MOF after 

8 d
     Svoboda et al[62] 1993 P-cc   42 14 (33%) Y [TNF-a] is higher in MOF, but only after onset of 

symptoms
  IL-1(β)
     Menges et al[50] 1999 P-coh   68 17 (25%) Y [IL-1] is significantly higher in sepsis and MOF on days 

3 + 5 + 6 + 9 - 13
     Svoboda et al[62] 1994 P-xx   42 14 (33%) N [IL-1β] is not related to MOF
  IL-2
     Svoboda et al[62] 1994 P-cc   42 14 (33%) N [IL-2] is not related to MOF
  IP-10
     Jastrow et al[32] 2009 P-coh   48 11 (23%) > 889.9 pg/mL has a sensitivity of 

71% and PPV of 100%
Y [IP-10] is highly predictive for MOF (AUC ROC 0.939)

  Eotaxin
     Jastrow et al[32] 2009 P-coh   48 11 (23%) > 193.8 pg/mL has a sensitivity of 

71% and PPV of 62%
Y [Eotaxin] is highly predictive for MOF (AUC ROC 0.810)

  MIP-1β
     Jastrow et al[32] 2009 P-coh   48 11 (23%) > 248.6 pg/mL has a sensitivity of 

71% and PPV of 77%
Y [MIP-1β] is highly predictive for MOF (AUC ROC 0.871)

  IL-11
     Schinkel et al[61] 2005 P-cc 216   9 (4%) N [IL-11[ is not significantly different in MOF

Table 5  Value of cytokine concentrations for predicting multi-organ failure

P-coh: Prospective cohort study; P-cc: Prospective case-control study; R-cc: Retrospective case-control study; IL: Interleukin; TNF: Tumor necrosis factor; 
IFN: Interferon; ROC: Receiver operating characteristic; AUC: Area under curve; r: Correlation coefficient between cytokine and development of MOF; 
PPV: Positive predictive value; MOF: Multi-organ failure; Pts: Patients; Y: Yes; N: No.
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  Ref. Design No pts. Mortality 
n (%)

Follow-up Diagnostic tests Predicts 
mortality

Results 

  IL-6
     Bogner et al[36] P-coh   58 11 (19%) 90 d Y [IL-6] is significantly higher in non-

survivors at 0 + 6 h
     Cuschieri et al[34] P-coh 152     4 (5%) In-hospital N [IL-6] is not significantly higher in non-

survivors
     Dresing et al[26] P-coh   30   6 (19%) 29 d Y [IL-6] is significantly higher in non-

survivors on days 3 + 5
     Frink et al[3] P-coh 143 21 (15%) In-hospital > 2176.0 pg/mL: Sensitivity 

28.6%, specificity 100% on day 1
Y [IL-6] is highly predictive for non-survival 

(AUC ROC 0.858)
     Frangen et al[59] P-cc   71 16 (22%) In-hospital Y [IL-6] is significantly higher in non-

survivors
     Gebhard et al[40] P-coh   94 18 (19%) In-hospital Y [IL-6] is significantly higher in non-

survivors at 4 + 6 + 12 h post injury
     Maier et al[27] P-coh 251 29 (12%) In-hospital AUC ROC 0.60 N [IL-6] is not predictive for non-survival
     Sousa et al[51] P-coh   99 28 (28%) 72 h > 276 pg/mL: AUC ROC2 0,775 

(95%CI: 0.591-0.960)
Y [IL-6] > 276 pg/mL is significantly 

correlated with non-survival
     Svoboda et al[62] P-cc   42 11 (26%) In-hospital > 400 pg/mL has a sensitivity of 

100% 
Y [IL-6] > 400 pg/mL is significantly 

correlated with non-survival
     Yagmur et al[63] P-cc   99 17 (17%) 60 d Y [IL-6] is significantly elevated in non-

survivors
  IL-8
     Bogner et al[36] P-coh   58 11 (19%) 90 d Y [IL-8] is significantly higher in non-

survivors at 6 + 24 h
     Liener et al[43] P-coh   94 18 (19%) 15 d Y [IL-8] is significantly higher in non-

survivors from 30 min-24 h
     Maier et al[27] P-coh 251 29 (12%) In-hospital AUC ROC 0.45 N [IL-8] is not predictive for non-survival
     Yagmur et al[63] P-cc   99 17 (17%) 60 d Y [IL-8] is significantly elevated in non-

survivors
  IL-10
     Bogner et al[36] P-coh   58 11 (19%) 90 d Y [IL-10] is significantly higher in non-

survivors at 72 h post injury 
     Gouel-Chéron et al[53] P-cc 100   5 (5%) 14 d Y [IL-10] is significantly higher in non-

survivors when detectable on days 1 + 2 
     Heizmann et al[52] R-cc 195 37 (19%) 42 d N [IL-10] tends towards lower levels in non-

survivors; not significant
     Maier et al[27] P-coh 251 29 (12%) In-hospital AUC ROC 0.51 N [IL-10] is not predictive for non-survival
     Neidhardt et al[54] P-cc 417 92 (22%) 21 d Y [IL-10] is significantly increased in non-

survivors on days 1 + 3
     Sherry et al[14] R-cc   66 1 (2%) 50 d N [IL-10] is not related to non-survival
     Sousa et al[51] P-coh   99 28 (28%) 72 h > 8.24 pg/mL: AUC ROC 0.871 

(95%CI: 0.715-1.000)
Y [IL-10] > 8.24 pg/mL is associated with 

non-survival at 48 + 72 h post injury
  TNF-aa
     Dresing et al[26] P-coh   30   6 (19%) 29 d N [TNF-a] is not significantly elevated in 

non-survivors
     Sousa et al[51] P-coh   99 28 (28%) 72 h N [TNF-a] is not significantly elevated in 

non-survivors
     Spielmann et al[57] P-cc   47 11 (23%) 6 d N [TNF-a] is not significantly elevated in 

non-survivors
     Svoboda et al[62] P-cc   42  11 (26%) In-hospital Y [TNF-a] is significantly elevated in non-

survivors
     Yagmur et al[63] P-cc   99 17 (17%) 60 d N [TNF-a] is not significantly elevated in 

non-survivors
  IL-18
     Heizmann et al[52] R-cc 195 37 (19%) 42 d N [IL-18] tends towards lower levels in non-

survivors; not significant
     Mommsen et al[30] P-coh   55   7 (13%) 14 d Y [IL-18] is significantly increased in non-

survivors on days 2-7
     Roetman et al[60] P-cc 229 36 (16%) 30 d N [IL-18] median value is significantly lower 

in non-survivors
  IL-2
     Heizmann et al[52] R-cc 195 37 (19%) 42 d N [IL-2] tends towards lower levels in non-

survivors; not significant
     Svoboda et al[62] P-cc   42 11 (26%) In-hospital N [IL-2] is not related to non-survival
     Yagmur et al[63] P-cc   99 17 (17%) 60 d Y [IL-2] is significantly increased in non-

survivors
  IL-1

Table 6  Value of cytokine concentrations for predicting mortality
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to MODS; and (4) Four studies[13,32,50,62] showed that 
patients with MOF had significantly higher TNF-a 
concentrations compared to patients with uneventful 
course, although Svoboda et al[62] found no predictive 
value for the cytokine. 

DISCUSSION
Polytraumatized patients are at risk for the development 
of various complications, leading to considerable 
morbidity and mortality. Early identification of “high risk” 
patients could improve outcome after accidental injury, 
because physicians are directed to the appropriate 
treatment. Further, close monitoring of the immune 
response could direct physicians to the appropriate 
timing of surgical interventions, thereby reducing “second 
hits” with subsequent development of sepsis and organ 
failure. The aim of the present review was to summarize 
the knowledge on cytokines predicting the development 
of ARDS, sepsis, MODS, MOF and mortality. According 
to the investigated studies, some cytokines seem to 
predict specific complications: Patients with ARDS seem 
to have higher IL-8 concentrations; IL-10 secretion 
seems increased in septic patients; and MODS/MOF 
development is preceded by an enhanced IL-6, IL-8, 
IL-10, and TNF-a release. With respect to the other 
cytokines studied (IFN-γ, G-CSF, IL-1β, 2, 4, 11, 12, 
-17, -18, MIF, MIP-1β, eotaxin, IP-10), study results 
are either inconsistent, or the small amount of current 
evidence makes an objective conclusion for the present 
study impossible. 

IL-6
Release of IL-6 is enhanced after stimulation by micro-
organisms and cytokines (TNF-a, IL-1β)[7,8]. It is liberated 
after tissue damage and infection. The relatively late 

release and long half-life of IL-6 renders the cytokine 
a convenient parameter for clinical monitoring of the 
immune response of individual patients. The conflicting 
results of the reviewed studies lead to the conclusion that 
IL-6 cannot be used as a marker for ARDS and sepsis; 
elevated IL-6 concentrations do appear to precede the 
development of MODS, MOF and mortality. In future, 
physicians might therefore use IL-6 as a predictor of 
MODS, MOF and mortality in polytraumatized patients. 

IL-8
IL-8 induces expression of adhesion molecules, 
thereby enabling migration of neutrophils to the site 
of production[4,9]. Production of IL-8 takes place early 
in the inflammatory response and can persist for days 
or weeks[13]. According to the reviewed studies, IL-8 is 
higher in patients developing ARDS, MOF and in non-
survivors. Of note, when IL-8 is used to investigate the 
development of ARDS, measuring local concentrations 
in bronchoalveolar lavage fluid generally leads to 
earlier identification of patients at risk[64-67]. The causal 
relation between the chemotaxis IL-8 exerts on PMN’s, 
and subsequent autodestructive changes in remote 
organs leading to ARDS and MOF[64], likely explains the 
consistent results of included studies. In line with these 
results, IL-8 might be used to identify patients prone to 
develop ARDS and MOF. Such a predictive value could 
not be demonstrated for the development of sepsis and 
MODS. 

IL-10
IL-10 decreases cytokine production of TH1 cells and 
reduces antigen presentation of macrophages and 
subsequent proliferation of T lymphocytes[14]. Release of 
high amounts of IL-10 occurs rapidly, generally within 
60 min after trauma[54]. According to our study, an 
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     Svoboda et al[62] P-cc   42 11 (26%) In-hospital N [IL-1] is not related to non-survival
     Yagmur et al[63] P-cc   99 17 (17%) 60 d N [IL-1] is not related to non-survival
  IL-12
     Heizmann et al[52] R-cc 195 37 (19%) 42 d N [IL-12] tends towards lower levels in non-

survivors; not significant
     Wick et al[49] P-coh   37   6 (16%)  In-hospital Y [IL-12] is significantly lower in non-

survivors
  IL-11
     Schinkel et al[61] P-cc 216 34 (16%) In-hospital N [IL-11] is lower in non-survivors, only 

reaching significance after week 4
     Heizmann et al[52] R-cc 195 37 (19%) 42 d N [IL-11] tends towards lower levels in non-

survivors; not significant
  IL-17
     Frangen et al[59] P-cc   71 16 (22%) In-hospital N [IL-17] is not related to non-survival
  IL-4
     Heizmann et al[52] R-cc 195 37 (19%) 42 d N [IL-4] tends towards lower levels in non-

survivors; not significant
     Roetman et al[60] P-cc 229 36 (16%) 30 d N [IL-4] is not related to mortality
  IFN-γ
     Heizmann et al[52] R-cc 195 37 (19%) 42 d N [IFN-γ] tends towards lower levels in non-

survivors; not significant
     Roetman et al[60] P-cc 229 36 (16%) 30 d N [IFN-γ] inconsistently detectable

P-coh: Prospective cohort study; P-cc: Prospective case-control study; R-cc: Retrospective case-control study; IL: Interleukin; TNF: Tumor necrosis factor; 
IFN: Interferon; AUC: Area under the receiver operating characteristic (ROC) curve; Pts: Patients; Y: Yes; N: No.
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enhanced IL-10 secretion is related to the development 
of sepsis and MOF. Clearly, a vigorous anti-inflammatory 
IL-10 release makes the host susceptible to infections 
with subsequent sepsis and (sepsis-related) MOF. 
Therefore, IL-10 concentrations might direct physicians 
to the patients prone to develop sepsis and MOF. 
Concentrations of IL-10 could not be related to the 
development of ARDS, MODS and mortality. 

TNF-a
The pro-inflammatory cytokine TNF-a is one of the 
first cytokines to be released after trauma[4]. Peak 
concentrations of TNF-a can be observed within one 
to two hours after trauma. Previous studies have 
demonstrated a positive correlation between elevated 
TNF-a and poor outcome[68-70]. However, as reported in 
this review, the elevation of TNF-a could only be related 
to the development of MOF. This might be explained 
by the very short half-time of the cytokine (14-18 
min), suggesting that peak concentrations early in the 
posttraumatic course have already returned to baseline 
by the time a septic event and subsequent organ failure 
is recognized[2,9,13]. 

Other cytokines
According to Cook et al[58], elevation of G-CSF signifi-
cantly related to the development of hospitalacquired 
pneumonia. Wick et al[49] demonstrated that all patients 
with continuous decreased IL-12 levels died from 
septic MOF; comparable findings were demonstrated 
by Hensler et al[71]. Increased IL-12 production could, 
however, have unfavorable effects as well[72,73]. According 
to previous studies, IL-18 release is significantly correlated 
with sepsis, and its activation might be enhanced after 
infiltration of microorganisms[74,75]. This effect could 
also be demonstrated by Mommsen et al[30]. Jastrow et 
al[32] determined a predictive value for several cytokines, 
among which IP-10, MIP-1β and eotaxin appear to be 
most accurate. More research has to be done before the 
value of these cytokines can be reviewed. 

Limitations
The principal limitation in this study was the hetero
geneity across studies in terms of patient population, 
study design and statistical techniques used. Hence, 
metaanalysis of presented data could not be per
formed. Further, variations between patients in an 
individual study can result from differences in injury 
severity or injury pattern, diverse individual immunologic 
responses (gene polymorphisms), and general confoun-
ders such as age, sex, preexisting diseases, number 
and amount of administrated therapeutic agents and 
secondary surgery. These aspects were not clearly 
outlined in most of the included studies. All these 
factors may alter the individual inflammatory response, 
and contribute to a low correlation between investigated 
cytokine and certain complication. Further, only a small 
amount of studies for each biomarkercomplication 

combination was selected, due to the very specific 
research question. This made it difficult to draw clear 
conclusions from presented results. Also, some studies 
reported predictive values for the ratio of different 
cytokines. According to these studies, complications 
could be predicted more accurately when combining 
several cytokines in one prediction model. However, we 
could not include these findings in our results because 
of the small amount of studies investigating these 
specific ratios. Additionally, systemic concentrations 
of cytokines not necessarily reflect concentrations in 
end-organs. It might therefore be well possible that 
local concentrations of cytokines can more accurately 
predict the development of complications. Despite these 
concerns, the results presented in this review can be 
useful in the clinical appraisal of critically ill patients. 
For future studies on cytokines and polytrauma pati-
ents, we recommend the development of specific poly-
trauma protocols. Implementation of such protocols 
provides the possibility for metaanalysis in the future, 
as previously mentioned confounding factors would 
then be handled similarly. Important confounding 
factors that most studies did not elaborate on, include 
amount of resuscitation fluids administered, length of 
mechanical ventilation, need for nutritional support 
and secondary surgery. Monitoring cytokine secretion 
patterns without considering these factors, would give 
an unrealistic representation of posttraumatic immune 
alterations. Therefore, more research is needed to 
better understand the specific role of these factors in 
the individual immune response to trauma. 

In conclusion, this article provides an overview of 
the results from literature concerning posttraumatic 
immune alterations leading to various complications 
and death. According to the current review, cytokine 
secretion patterns are different for patients developing 
complications, compared to patients with an uneventful 
posttraumatic course. Some of these cytokines, such 
as IL-6, IL-8 and IL-10, seem to be of value in the 
prediction of secondary deleterious effects after trauma. 
Close monitoring of these cytokines could direct 
physicians to the appropriate therapy of “high risk” 
patients, thereby reducing morbidity and mortality after 
polytrauma. 

COMMENTS
Background 
Severe trauma represents the most frequent cause of death in people below 
the age of 45. Early identification of patients at risk for developing complications 
is one of the most challenging problems in the treatment of multiple injuries. 
Close monitoring of cytokine secretion patterns may provide physicians with an 
impression of the patients’ risk for developing complications. Further, cytokine 
secretion patterns may pose an indication for the appropriate prophylactic 
treatment, as well as optimal timing of surgical interventions, thereby reducing 
the risk of sepsis and multiorgan failure. The aim of the current review was: (1) 
to summarize the available knowledge on specific cytokines that are involved in 
the posttraumatic immune alterations; and (2) to assess the value of cytokines for 
predicting the development of acute respiratory distress syndrome, sepsis, muli-
organ dysfunction syndrome, multi-organ failure and mortality. 
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Research frontiers
Polytraumatized patients that survive the initial impact of trauma, are confronted 
with an enormous host defence reaction, which is associated with morbidity 
and mortality. Over the past 20-25 years, cytokines have gained attention in 
the understanding of the posttraumatic pathophysiological immune alterations. 
Cytokines play a pivotal role in the pro- and anti-inflammatory reaction to 
trauma, and are essential in the subsequent defence and repair mechanisms. As 
cytokines serve as messenger molecules in cell-to-cell communication, they are 
likely to play an important role in the development of posttraumatic complications 
such as sepsis and multi organ failure. 

Innovations and breakthroughs
Previous studies have acknowledged the correlation between cytokine 
concentrations and patients’ clinical condition after polytrauma. Yet, specific 
predictors for the development of posttraumatic complications have not 
been identified. The available literature concerning the relation between 
cytokine concentrations and development of posttraumatic complications was 
systematically reviewed by the authors, and the data were extracted using a 
standardized collection tool.

Applications
This review suggests that interleukin (IL)-6, IL-8 and IL-10 are of value in the 
prediction of secondary deleterious effects after trauma. Close monitoring of these 
cytokines could direct physicians to the appropriate therapy of “high risk” patients, 
thereby reducing morbidity and mortality after polytrauma. 

Terminology
SIRS: Systemic inflammatory response syndrome, defined according to the 
American College of Chest Physicians/Society of Critical Care Medicine 
Consensus Conference 1992; ARDS: Acute respiratory distress syndrome, 
determined in concordance with the American-European Consensus Conference  
1994 definitions; Sepsis: Diagnosed when SIRS occurs in combination with a 
septic focus or positive blood culture; MODS and MOF: Multi-organ dysfunction 
syndrome/multi-organ failure, diagnosed based on different scoring systems. 

Peer-review
This is an excellent literature analysis on an important issue. The paper was very 
well-structured and written.
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Abstract
Relatively soon after their accident, patients suffering 
a spinal cord injury (SCI) begin generally experiencing 

the development of significant, often life-threatening 
secondary complications. Many of which are associated 
with chronic physical inactivity-related immune function 
problems and increasing susceptibility to infection 
that repeatedly requires intensive care treatment. 
Therapies capable of repairing the spinal cord or restor-
ing ambulation would normally prevent many of these 
problems but, as of now, there is no cure for SCI. Thus, 
management strategies and antibiotics remain the 
standard of care although antimicrobial resistance consti-
tutes a significant challenge for patients with chronic 
SCI facing recurrent infections of the urinary tract and 
respiratory systems. Identifying alternative therapies 
capable of safe and potent actions upon these serious 
health concerns should therefore be considered a priority. 
This editorial presents some of the novel approaches 
currently in development for the prevention of specific 
infections after SCI. Among them, brain-permeable 
small molecule therapeutics acting centrally on spinal 
cord circuits that can augment respiratory capabilities or 
bladder functions. If eventually approved by regulatory 
authorities, some of these new avenues may potentially 
become clinically-relevant therapies capable of indirectly 
preventing the occurrence and/or severity of these life-
threatening complications in people with paraplegic or 
tetraplegic injuries.

Key words: Prevention of intensive care problems; 
Quality of care; Temporary recovery of vital functions; 
Micturition; Spinal networks; Central pattern generators

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This editorial is one of the first articles to 
describe clearly the existence of an urgent medical 
need for new pharmacological products aimed at 
providing non-invasive solutions for spinal cord injury 
patients suffering chronically of urinary tract infection or 
pneumonia. Drugs capable of activating temporarily on 
demand activity in specific central networks of neurons 
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that control respiration or micturition are of particular 
interest.

Guertin PA. New avenues for reducing intensive care needs 
in patients with chronic spinal cord injury. World J Crit Care 
Med 2016; 5(4): 201-203  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v5/i4/201.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i4.201

INTRODUCTION
Spinal cord injury (SCI) of traumatic origin is generally 
considered an irreversible condition causing, immediately 
after trauma, both sensory loss and mobility impairment 
or complete paralysis[1]. Unfortunately it often leads 
also, within a few weeks to a few months, to serious 
chronic complications among which immune problems 
also knows as central nervous system injury-induced 
immunodepression (CIDS)[2]. In fact, CIDS is probably 
one of the main factors contributing subsequently to the 
development of more specific problems such as urinary 
tract infections (UTIs), bed sores, pneumonia, sepsis[1]. 

As of now, biologics (i.e., antibiotics) are generally used 
to treat these infections[3]. However, antibiotics are 
associated with the increasing problem of antimicrobial 
resistance and progressive lack of efficacy against 
infections[4]. When examined closer, different additional 
factors may contribute to UTIs and pneumonia specifi
cally after SCI. For instance, descending (i.e., brain and 
brainstem) control over the sacral spinal cord micturition 
center is generally lost or impaired after SCI leading 
to urinary retention (UR) problems[5]. When chronic 
UR is found, the bladder remains full, although leaking 
may occur (associated also with bladder sphincter 
dyssynergia), and overgrowth of bacteria is regularly 
diagnosed, contributing directly to recurrent UTIs[6]. 

In the case of pneumonia, specifically for those with 
tetraplegia (but not only), breathing control problems 
and reduced coughing capabilities have a direct impact 
upon mucus accumulation and bacterial overgrowth 
that leads to pneumonia and, sometimes, respiratory 
failure[7]. 

INADEQUACY OF CURRENTLY USED 
APPROACHES
Medical devices for managing bladder problems are 
probably the most extensively used means to prevent 
UTIs. Chronic indwelling catheters or intermittent 
catheters are typically used for regular bladder drain-
age and, hence, for reducing incidence of bacterial 
overgrowth. However, the use of catheters also con-
tributes to UTIs. When chronically performed, these 
devices are associated with multiple problems including 
pyuria, pericatheter sepsis, haemorrhage, or bladder 
and kidney damage[8]. Other alternative approaches are 

occasionally used such as drugs with peripheral actions 
on bladder contraction, electrostimulation of sacral 
anterior roots, diapers or condom sheaths although UR 
remains largely an unmet medical need that is generally 
life-threatening[8,9]. For respiratory problems and mucus 
accumulation, mainly mechanical approaches are 
normally used, i.e., physical therapy, spontaneous or 
mechanically assisted coughing, suctioning, and mechani-
cal insufflation-exsufflation[10]. These procedures are 
rather complex, time-consuming and expensive (i.e., 
both labor and specialized medical devices)[11].

CENTRALLY-ACTING 
PHARMACOLOGICAL APPROACHES 
There is compelling evidence suggesting that lower 
incidence of pneumonia or UTIs may be found if, 
respectively, cardiovascular and pulmonary function or 
bladder function could be stimulated and improved. To 
investigate that, some researchers are exploring a novel 
approach essentially based on central (spinal cord) 
small molecule therapeutics stimulation of neuronal 
networks known to normally (i.e., in absence of spinal 
injuries) control either respiration or micturition. 

Proof-of-concept data demonstrating the efficacy 
of restoring corresponding spinal neuronal activity on 
voiding reflex have been reported in animal models of 
SCI. Serotonergic drugs such as 5-HT1A and 5-HT7 
agonists were shown indeed, following a single intra-
venous (i.v.) administration, to augment acutely micturi-
tion reflex and voiding despite the lack of brain control 
over that same spinal network in paraplegic rats[12,13]. 
Central actions upon sacral neuronal networks has been 
clearly shown by Lecci et al[14] following intrathecal admi-
nistration of similar compounds[14]. My own research 
group in Canada has built upon these findings to show 
recently that powerful synergistic effects on reflex 
voiding may be found by co-administration subcutane-
ously of 5-HT1A and 5-HT7 receptor agonists in para-
plegic mice[15]. Comparable voiding-activating has been 
shown using direct electrical stimulation of correspond-
ing spinal cord areas in anesthetized chronic paraplegic 
cats[16].

For breathing problems, the role of another set 
of neurons has been explored using a comparable 
approach. It is the crossed phrenic pathway in the spinal 
cord, also known as CPP, that exhibit significant control 
of phrenic motoneurons and nerves for diaphragm 
contraction. It had been found originally by the French 
researchers Aubier and Pariente, that i.v. infusion of 
aminophylline, an adenosine receptor antagonist, can 
improve ventilation in dogs via stronger diaphragmatic 
contraction[17]. However, Nantwi et al[18] more recently 
showed that adenosine antagonists aminophylline or 
theophylline can augment respiration by acting centrally 
although some additional peripheral actions upon the 
diaphragm cannot be excluded. Theophylline and amino-
phylline have both been considered as relatively safe 
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since approved already by FDA as treatment against 
chronic obstructive pulmonary disease. Other drugs 
such as 5-HT1A agonist administered i.p. to chronic 
paraplegic rats have been shown also to stabilize 
ventilator abnormalities[19]. However, clinical efficacy 
against respiratory problems and related consequences 
on mucus accumulation and pneumonia with adenosine 
antagonists or 5-HT1A agonists remains to be shown. 

CONCLUSION
No safe or acceptable treatments have yet been found 
against the occurrence or severity of significant health 
concerns such as UTIs and pneumonia in chronic SCI 
patients. Non-invasive and user-friendly pharmacological 
acting centrally upon specific spinal command centers 
involved in controlling micturition and breathing may 
eventually constitute safe and potent treatments against 
recurrent infections associated with chronic UR and 
breathing insufficiency after SCI. 
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Abstract
Clinical decision support (CDS) systems with automated 
alerts integrated into electronic medical records demon-
strate efficacy for detecting medication errors (ME) and 
adverse drug events (ADEs). Critically ill patients are 
at increased risk for ME, ADEs and serious negative 
outcomes related to these events. Capitalizing on CDS 
to detect ME and prevent adverse drug related events 
has the potential to improve patient outcomes. The key 
to an effective medication safety surveillance system 
incorporating CDS is advancing the signals for alerts 
by using trajectory analyses to predict clinical events, 
instead of waiting for these events to occur. Additionally, 
incorporating cutting-edge biomarkers into alert know-
ledge in an effort to identify the need to adjust medi-
cation therapy portending harm will advance the current 
state of CDS. CDS can be taken a step further to 
identify drug related physiological events, which are less 
commonly included in surveillance systems. Predictive 
models for adverse events that combine patient factors 
with laboratory values and biomarkers are being 
established and these models can be the foundation for 
individualized CDS alerts to prevent impending ADEs. 
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Core tip: Drug related events in the intensive care 
unit are associated with higher medical costs and 
dire patient outcomes. Clinical decision support (CDS) 
systems are the most important component to aid in 
adverse drug event (ADE) surveillance and improve in 
medication safety. Institutions are increasing the use of 
CDS systems for event detection and CDS systems that 
combine patient factors with laboratory values, drug 
information and biomarkers are key to effective ADE 
prevention.

Kane-Gill SL, Achanta A, Kellum JA, Handler SM. Clinical 
decision support for drug related events: Moving towards 
better prevention. World J Crit Care Med 2016; 5(4): 204211  
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v5/i4/204.htm  DOI: http://dx.doi.org/10.5492/wjccm.v5.i4.204

INTRODUCTION
Medication errors (ME) occur at median rate of 106 per 
1000 patient days in adult intensive care unit (ICU) 
patients[1]. ME are concerning because of the prospect 
of impending injury, known as a preventable adverse 
drug event (ADE). Table 1 provides definitions of drug 
related events[2-6]. Approximately one-third of ME 
result in ADEs[7,8]. Examples of ME resulting in ADEs 
include missed doses, wrong administration technique, 
duplicate therapies, drug interactions, equipment 
failure, inadequate monitoring and preparation errors[9]. 

Critically ill patients are at greater risk for MEs 
and ADEs compared to non-ICU patients because of 
the complexity of their drug regimens, sheer volume 
of medications that they receive, in particular, the 
volume of intravenous drugs received and acute 
changes in organ function that can alter the pharmaco-
kinetics[8,10,11]. Prevention of ME and ADEs is important 
and the significance can resonate to a greater degree 
in critically ill patients because the severity of ADEs and 
related outcomes are worse compared to patients in 
other settings[8,12-14].

Institutions need to commit to an active medication 
safety surveillance system to detect and prevent drug 
related events and ensure the safest care possible[15]. 
Active medication safety surveillance systems use 
methods that can be categorized as: (1) retrospective 
approaches that are conducted after drug related events 
occur and often after the patient is discharged from the 
hospital; or (2) prospective approaches that capture 

events in real-time or as close to real-time as possible 
allowing for interventions to prevent the event from 
progressing to harm[16]. Voluntary reporting or incident 
reporting is the most commonly used retrospective 
surveillance method[17]. Retrospective methods also 
include non-targeted and targeted medical record 
reviews. While non-targeted medical record reviews 
encompass a detailed look at all patient data, a targeted 
medical record review such as one using a trigger tool 
focuses on a review of a particular set of patients[18]. 
Alternatively a targeted medical record review can focus 
on a particular section of the chart such as the discharge 
summary[19]. Prospective methods frequently rely on 
automated systems using clinical decision support 
(CDS). 

CDS systems improve treatment outcomes and 
patient care by providing clinicians with patient-specific 
information that is intelligently filtered and presented at 
relevant times[20]. CDS is defined as “computer software 
employing a knowledgebase designed for use by a clini-
cian involved in patient care, as a direct aid to clinical 
decision-making”[21,22]. CDS is typically incorporated as 
part of a computerized prescriber order entry (CPOE) 
system and is used to facilitate prevention of ME and 
ADEs. This system is used to provide feedback to clini-
cians through alerts and reminders when triggered by 
certain information available in electronic format[23]. 
CDS is more effective than voluntary reporting at 
identifying ADEs with only 1% of those events identified 
with CDS provided as incident reports[24]. Although 
overlap between voluntary reporting and automated 
CDS for ADE detection is reported as high as 13%[25]. 
Jha et al[24] demonstrated that CDS is more efficient 
than non-targeted medical record review requiring one-
fifth less time to complete ADE surveillance: 11 h/wk 
vs 55 h/wk, respectively. It was also noted that while 
CDS identified slightly fewer events, the ADEs identified 
were different between methods, asserting that CDS is 
a necessary adjunct to medical record review. Overall, 
CDS is faster, less expensive and can identify ADEs not 
typically detected by clinicians when compared with 
voluntary reporting[26-31].

Many hospital systems are moving towards adop-
ting electronic health records with meaningful use 
guidelines and incentives provided by the Center for 
Medicare and Medicaid Services, and this is enhancing 
the incorporation of CDS in patient care[32]. A 2015 
survey[33] indicated 94.1% of hospitals adopted an 
electronic health record. This is important because 
collecting patient data electronically and applying 
systems to screen these data for ADEs are the initial 
steps to develop effective safety surveillance[29]. The 
same survey reports 80.9% of hospitals employ an 
inpatient CPOE system with CDS, a remarkable 78.2% 
increase since 2003[33]. In this article, we discuss the 
effective use of CDS for detecting ME and ADEs, then 
we will propose ways to use CDS for the prevention of 
ADEs to further enhance the safety of patients. 
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DETECTION OF ME AND ADES USING 
CDS
CDS systems are effective at detecting potential ME 
and alerting prescribers so that appropriate evaluation 
and action can be taken. Healthcare providers are 
inconsistent in the identification of ME because of per-
sonal knowledge, previous experience and timing of 
the medication order review; therefore, it is essential 
to have a reliable surveillance system to aid in identifi-
cation[34]. Raschke et al[35] reported that 44% of ME 
would have been missed without the use of CDS. 
Further, a systematic review of studies evaluating CDS 
alerts generated in response to drug dose selection for 
patients with acute kidney injury (AKI) demonstrated 
that 17 out of 19 studies effectively detected ME 
allowing for intervention with the implementation of 
CDS[36]. The thought is that detection of ME with CDS 
due to scenarios such as inappropriate dosing based on 
age, weight, underlying condition and renal function will 
allow for intervention and prevention of potential ADEs. 

An effective tool to assist with adverse event 
identification is the Institute for Healthcare Improvement 
Trigger Tool that contains a specific module focused on 
ADEs[6]. The trigger tool demonstrates utility as it was 
used to detect 230 ADEs in 1009 ICU patient days in 
79 patients[14]. Interestingly in this study, only the three 
triggers were responsible for detecting 78% of ADEs. 
While the trigger tool was evaluated manually, the 
triggers can be used as the knowledge or signals for the 
development of automated alerts using CDS. 

Classen et al[25] developed a clinical event monitor 
allowing for detection of ADEs using automated trigger 
or alert. An alert was sent to the physician when there 
was a potential for an ADE, upon confirmation of the 
ADE, the medication(s) were stopped, substituted or an 
antidote was given if needed. In this 18-mo study, 631 
of 731 ADEs identified were detected using automated 
CDS with the majority of ADEs described as moderate 
or severe. 

While research shows that automated CDS alerts 
are useful in the clinical setting, alerts for ADE detection 
can be ineffective at preventing harm because alerts 

are generated with minimal time for intervention or 
more often alerts are generated after the patient is 
already experiencing an ADE. This is apparent in the 
use of the alerts targeted at antidote administration 
designed for detection and not prevention since the 
event is already in the midst of treatment. Table 2[17,37-39] 

provides examples of alerts designed for event detection. 
Another type of alert geared to detection are abnormal 
laboratory value alerts with thresholds that exceed the 
recommended laboratory limit or higher. Alert thresholds 
with abnormal values higher than acceptable are often 
targeted at high specificity and low sensitivity, thus 
possibly reducing alert fatigue but limiting the value in 
ADE prevention[40]. Still antidote alerts and alerts set 
with a high abnormal laboratory value thresholds can be 
useful in understanding the environment, providing an 
opportunity to assess for causal factors and preventing 
future events through systematic changes[37]. It can 
even be beneficial to identify non-preventable ADEs 
using CDS systems to mitigate the intensity of the 
injury[9]. 

ADE PREVENTION CONSIDERATIONS 
FOR ALERT DEVELOPMENT
The next step in CDS advancement is predicting impend-
ing injury/end-organ damage and identifying events 
using pre-emptive triggers with ample time to intervene. 
This is the ideal application of a drug related hazardous 
condition (DRHC), which is the early identification of a 
drug-related event before the ADE occurs[3,4]. Ten drugs 
are responsible for over sixty percent of preventable 
ADEs, including anticoagulants, opiate agonists, and 
insulin[41]. This suggests that ADEs are not as random 
as one thinks and it is practical to use this information 
to build effective CDS. Also, these preventable events 
are triggered by the progressive decline in laboratory 
and physiologic markers allowing time for intervention 
and prevention of harm. 

CDS that generates alerts to prevent ADEs utilizing 
patient laboratory values and drug information has great 
potential to improve patient outcomes. For example, 
Moore et al[42] suggests to create an alert to prevent a 

206 November 4, 2016|Volume 5|Issue 4|WJCCM|www.wjgnet.com

  Term Definition

  Medication error[2] “Any preventable event that may cause or lead to inappropriate medication use or patient harm while the 
medication is in the control of the health care professional, patient or consumer. This may include errors in 

prescribing, distribution, administration and monitoring”
  Adverse drug reaction[3] “Any undesired, unexpected, or unintended outcome associated with drug use“
  Drug-related hazardous condition[3,4] “Is the antecedent to injury or the temporal gap between the identification of an adverse drug reaction and the 

drug induced injury”. It occurs in the presence or absence of a medication error
  ADE[5] “Injury associated with the use of a drug”
  Preventable ADEs[6] “Injury associated with a medication error”
  Potential ADEs[5] “Medication errors with the potential to cause harm, but harm does not actually occur. Potential ADEs can be 

further described as intercepted and non-intercepted” 
  Trigger[6] “Signals or clues used to identify adverse events” 

Table 1  Definitions of drug related events 

ADE: Adverse drug event.
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KDIGO guidelines, a patient is classified as AKI stage 1 
if there is a 0.3 mg/dL increase in serum creatinine in 
48 h or an increase in serum increase of 1.5-1.9 times 
baseline in 7 d. This abrupt change considers time 
and baseline values providing a more detailed assess-
ment of kidney function and opportunities for early 
alert and interventions. If a baseline serum creatinine 
is unavailable, then there are methods of estimation 
to consider[54]. Stage 2 and Stage 3 AKI alerts per 
KDIGO may not provide opportunity for prevention but 
appropriate management at this point may mitigate 
severity and prevent permanent injury.

The concept of trajectory analysis applied to alerts 
would allow for a pre-emptive alert to be generated when 
there is a percent change in the laboratory value over a 
specified period. This would predict that the laboratory 
value would eventually be out of an acceptable range 
before it actually reaches the unacceptable range. 
Signals for alerts are set to a triglyceride of > 400 
mg/dL (unacceptable range) when receiving propofol. 
There would be an advantage to scanning for a percent 
increase over a couple of days instead of waiting for the 
absolute number to be achieved. Importantly, this could 
be applied to abnormal international normalized ratio 
(INR) values for patient receiving warfarin. Waiting until 
an INR of 4 or 5 occurs before being alerted could waste 
valuable time in preventing an ADE, instead a 20% 
rise daily over 3 d could be a preventative trigger. This 
concept could also be applied to drug concentrations. 
The key to the successful use a trajectory analysis will be 
supporting the percent change as clinically meaningful 
by selecting percent changes relative to the occurrence 
of an ADE. Table 4 provides an example of using percent 
change for drug-induced thrombocytopenia instead of 
applying an absolute cut point[38]. 

Biomarkers 
The use of DRHCs or biochemical, physiologic, or clinical 
status change caused by medications, portending further 
injury is sometimes difficult when our biomarkers lag 
behind the actual injury[3,4]. This is true in the case of 
AKI. Generating an alert after identifying a spike in 
serum creatinine may be too late as there is already 
significant damage and loss of kidney function[55]. 

Cystatin C, is a better detector of kidney injury 
when compared with serum creatinine and some resear-
ch suggests that serum cystatin C can discriminate 
between patients that develop AKI and patients whose 
serum creatinine will return to baseline in 48 h[55]. 
This biomarker shows promise for early detection and 
earlier intervention. Additionally, a study by Frazee et 
al[56] shows that biomarkers can also improve drug 
dosing. This study showed that vancomycin dosing in 
the ICU can be improved 2.5 fold when using cystatin 
C and serum creatinine to estimate GFR as opposed 
to just serum creatinine alone[56]. Interestingly, some 
biomarkers can also identify the type of kidney injury 
and the location of damage. If these are included in the 
signals for alert generations, clinicians will be able to 

severe hypoglycemic state by warning when the occur-
rence of three consecutive low glucose occurs in the 
presence of a new anti-diabetic medication. The alert 
should be generated as the glucose levels deteriorate, 
even before the patient reaches an unacceptable glucose 
level and experiences mental status changes. Another 
example of a prevention alert is a patient that does not 
have a bowel movement in 24 h following initiation of an 
opioid. In this scenario, there is no need to wait until the 
patient becomes impacted if a bowel stimulant is begun. 
Using CDS to generate alerts for ADE prevention have 
been tested with success[9,35,42-48]. More examples of 
preventative alerts are provided in Table 3. 

MOVING TOWARDS BETTER ADE 
PREVENTION 
Percent change in laboratory values instead of absolute 
cut points and trajectory analysis
Movement in the area of ADE prevention requires 
clinicians to change the mindset of specific cut points 
in the laboratory values and consider percent change 
and percent change over time when appropriate. An 
example of this is identifying drug induced AKI. Previous 
CDS alerts were built on an absolute serum creatinine 
value of ≥ 1.5 mg/dL or an absolute increase in serum 
creatinine of 0.5 mg/dL[49,50]. This approach does not 
account for the patient’s baseline serum creatinine and 
is likely to miss important events in patients with low 
baselines (e.g., young women, vegetarians) or result 
in false positives in patients with underlying chronic 
kidney disease. Others have applied knowledge to 
signal an alert at a 50% increase in serum creatinine 
from baseline; however, that may miss small changes in 
serum creatinine and miss opportunities for early inter-
vention[51]. Recent alerts are designed on the Kidney 
Disease Improving Global Outcomes (KDIGO) criteria or 
the serum creatinine component of the KDIGO criteria 
when urine output is unavailable[52,53]. According to the 
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  Ref. Alert designed for detection 

  Stockwell et al[37] Abnormal laboratory value exceeding recommended 
upper limit
Examples

  Harinstein et al[38] ACE inhibitor/ARB and patient’s serum potassium 
is > 6 mmol/L

INR > 4 and on warfarin 
Blood glucose < 40 mg/dL and on antidiabetic agent 

Platelet count < 50000/mm3 and on a drug that 
causes thrombocytopenia 

  Kane-Gill et al[39] Unexpected discontinuation of drug
  Kane-Gill et al[17,39] Antidote evaluations such as flumazenil, naloxone, 

sodium polystyrene, protamine, dextrose 50%; 
lepirudin use; argatroban use

Table 2  Examples of alerts designed to detect drug-related 
events 

ACE: Angiotensin converting enzyme; ARB: Angiotensin II receptor 
blocker; INR: International normalized ratio.
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make a quicker treatment decisions.
Another biomarker panel that is currently avai-

lable in clinical practice is urinary tissue inhibitor of 
metalloproteinase (TIMP-2) and insulin-like growth 
factor-binding protein (IGFBP7). This combination of 
biomarkers available in Nephrocheck™ predict patients 
at risk for developing AKI within 12 to 24 h following 
sample collection[57]. This makes TIMP-2/IGFBP7 a 
valuable marker to consider when designing preventative 
alerts in the future as we learn about the impact of using 
these biomarkers on patient care.

Drug induced liver injury also continues to be proble-
matic, and clinicians can benefit from early identification 
of this injury. Research continues to find biomarkers 
to indicate drug injury such as microRNAs and serum 
metabolites presenting as better indicators than ALT[58]. 
Biomarkers, such as the ones discussed above, can be 
employed in the future to guide clinicians in making 
early interventions with CDS alerts.

Drug combinations
The risk of an ADE may change when drugs are com-
bined. Non-critically ill children receiving aminogly-
cosides or other nephrotoxins for more than 3 d in the 
hospital are at risk for drug induced AKI[59]. AKI can be 

prevented by using CDS to alert clinicians when patients 
receive 3 or more nephrotoxins followed by close 
monitoring of serum creatinine[59]. This CDS application 
resulted in improved patient outcomes including a 
42% decrease in the observance of AKI intensity[60]. 
Future studies need to test this CDS in critically ill and 
non-critically ill adults. Constructing alerts based on 
thoughtful consideration of high-risk drug combinations 
has the potential to prevent ADEs. 

Drug induced physiologic events 
As noted, the majority of CDS for ADE prevention 
includes abnormal laboratory concentrations as the 
trigger for an alert. Less frequently, hospitals report 
surveillance of drug-induced physiologic events[17]. In 
general, we have created better CDS to identify patients 
undergoing clinical deterioration or at the first signs of 
sepsis by incorporating blood pressure, heart rate and 
respiratory rate into alerts[61,62]. Physiologic parameters 
such as blood pressure are drug induced and can be 
the next set of preventative ADE alerts we develop to 
improve patient care[3]. 

Predictive analytics and forecasting models
Using a holistic approach to predict the risk of disease 
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  Ref. Drug related hazardous 
condition for alert detection

Adverse drug event 
prevention

Criteria for prevention alert

  Rommers et al[43] Before a DRHC occurs-
eventually hemoglobin drop

Bleed Elderly patient who is not taking a PPI and is started on an NSAID

  Moore et al[42] Hypoglycemia Mental status changes Receiving a new antidiabetic agent and 3 consecutive low glucose 
results that are steadily declining over a period of time

  Moore et al[42]  Hypokalemia Dysrhythmia Drug started causing hypokalemia + potassium level under 3.8 mEq/L
  Moore et al[42] Thrombocytopenia Bleed Drug started causing thrombocytopenia and platelets slowly decrease 

over 50000/mm3 within 4 d
  Moore et al[42]  Hyperkalemia Dysrhythmia Drug started causing hyperkalemia + potassium level over 5.5 mEq/L 

and increasing slowly over 72 h
  Raschke et al[35] C. difficile Permanent gastrointestinal 

disorders (i.e., irritable 
bowel syndrome, 

colectomy)

Antidiarrheal and recent aggressive antibiotic therapy OR history of 
Clostiridum difficile

  Rommers et al[43] 
  and Silverman et al[44]

Before DRHC occurs-
eventually digoxin level 

elevated

Dysrhythmia,
 confusion

Patient with 3 consecutive increasing serum creatinine levels and also 
on digoxin therapy (or other renally cleared drugs would apply such 

as metformin, enoxaparin, vancomycin)
  Rommers et al[43] Constipation Bowel obstruction Narcotic started recently and patient has a history of constipation or 

narcotic started recently and patient has not had a bowel movement in 
over 24 h 

  Van Doormaal et al[45] Constipation Bowel obstruction Opioid prescribed without a co-prescription of a stimulant laxative 
  Van Doormaal et al[45] KDIGO stage 1 AKI-in the 

future biomarkers may be the 
early sign of AKI before SCr 

rise

KDIGO stage 3 AKI Sulfonamide urea derivate is prescribed and the patient has a 
creatinine clearance of less than 10 mL/min

  DiPoto et al[46] Before a DRHC occurs-
eventually hemoglobin drop

Bleed Patient has epidural and started on an anticoagulant or antiplatelet 

  DiPoto et al[46]  Sedation Mental status changes Fentanyl patch and no documented history of long-acting opioid use 
  Silverman et al[44] 
  and Jha et al[47]

 ALT rising Hepatic failure Hepatotoxic drug and ALT increase by 20% 

  Silverman et al[44] 

  and Jha et al[47]
Osmolarity increasing Mental status changes, risk 

of death 
Lorazepam use and osmolarity increasing 

Table 3  Examples of preventative alerts 

DRHC: Drug related hazardous condition; KDIGO: Kidney Disease Improving Global Outcomes; AKI: Acute kidney injury; ALT: Alanine aminotransferase.
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may be the best way to prevent unfavorable health 
outcomes, such as ADEs. In the case of AKI, many 
predictive models have been developed, though not 
necessarily in the critical care setting where there is a 
need[63,64]. Variables included in predictive models are 
age, gender, race, co-morbidities and acute conditions. 
Combining known patient risk factors with laboratory 
data and biomarkers would make an ideal predictive 
model and aid in preventative ADE alert development. 
This model also could employ machine learning techni-
ques and incorporate population/region specific data 
to better predict patient risk and outcomes to accom-
modate adaptive changes (Table 5). 

CONCLUSION 
The concern for harmful outcomes associated ADEs, 
especially preventable ADEs makes reliable and effective 
CDS systems a necessary addition for surveillance, 
especially for critically ill patients. CDS systems can 
be used to further improve patient outcomes when 
directed at preventing ADEs and moving beyond dete-
ction. CDS designed to generate alerts portending injury 
allows providers time for intervention. Studies designed 
to maximize the benefit of preventative alerts and 

determine the impact on patient outcomes are needed. 
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Abstract
AIM
To investigate the use of a multidisciplinary, longitudinal 
simulation to educate pediatric residents and nurses on 
management of pediatric diabetic ketoacidosis.

METHODS
A multidisciplinary, multiple step simulation course 
was developed by faculty and staff using a modified 
Delphi method from the Pediatric Simulation Center and 
pediatric endocrinology department. Effectiveness of 
the simulation for the residents was measured with a 
pre- and post-test and a reference group not exposed 
to simulation. A follow up post-test was completed 3-6 
mo after the simulation. Nurses completed a survey 
regarding the education activity. 

RESULTS
Pediatric and medicine-pediatric residents (n  = 20) and 
pediatric nurses (n  = 25) completed the simulation 
course. Graduating residents (n  = 16) were used as 
reference group. Pretest results were similar in the 
control and intervention group (74% ± 10% vs  76% 
± 15%, P  = 0.658). After completing the intervention, 
participants improved in the immediate post-test in 
comparison to themselves and the control group (84% 
± 12% post study; P  < 0.05). The 3-6 mo follow up 
post-test results demonstrated knowledge decay when 
compared to their immediate post-test results (78% ± 
14%, P  = 0.761). Residents and nurses felt the inter-
disciplinary and longitudinal nature of the simulation 
helped with learning.

CONCLUSION
Results suggest a multidisciplinary, longitudinal simu-
lation improves immediate post-intervention knowledge 
but important knowledge decay occurs, future studies 
are needed to determine ways to decrease this decay. 

Key words: Interdisciplinary; Education; Simulation; 
Diabetic ketoacidosis; Pediatrics

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Our paper describes how an interprofessional 
simulation improved the understanding of the medically 
complex disorder of pediatric diabetic ketoacidosis 
(DKA). This was shown in our data collection both 
by improvements in test scores from pre-simulation 
to post-simulation, as well as when compared to the 
control group. Few studies have looked at simulation 
as an educational tool for DKA. Our simulation 

course identified gaps in knowledge, communication, 
and patient care. Therefore, demonstrating that 
interprofessional simulation is a useful tool to teach 
a team based approach and focus on communication 
between nursing staff and physicians when taking care 
of critically ill children.

LarsonWilliams LM, Youngblood AQ, Peterson DT, Zinkan 
JL, White ML, Abdul-Latif H, Matalka L, Epps SN, Tofil NM. 
Interprofessional, multiple step simulation course improves 
pediatric resident and nursing staff management of pediatric 
patients with diabetic ketoacidosis. World J Crit Care Med 
2016; 5(4): 212218  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v5/i4/212.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i4.212

INTRODUCTION
Diabetic ketoacidosis (DKA) is a life threatening 
condition that results from a lack of insulin and one of 
the more common causes of pediatric intensive care 
unit (ICU) admissions[1-4]. Without insulin, counter-
regulatory hormones increase leading to an accelerated, 
potentially fatal, catabolic state[5-7]. If treatment 
including insulin, electrolyte replacement, and fluids 
are administered appropriately, the catabolic process 
can be reversed[6-8]. DKA occurs in approximately 
29% of patients with new onset type 1 diabetes 
mellitus and in 10% of patients with new onset type 
2 diabetes mellitus[4,6]. Mortality related to DKA is less 
than 5% with 90% due to cerebral edema[1,3,4,6,7]. 
Other complications that increase risk for morbidity 
and mortality include electrolyte abnormalities, acute 
renal failure and acute pancreatitis[1,5,7]. In order to 
decrease these, early recognition and appropriate ICU 
management is required[4,6-9]. 

Resident education of DKA largely consists of 
lectures, reading articles, and informal instruction 
from pediatric faculty and senior residents. Nursing 
education is less formal, often through self-directed 
learning, computer-based training and informal bedside 
teaching. Simulation based learning is an effective 
tool to supplement traditional teaching methods due 
to it providing a safe learning environment learners, 
incorporating aspects of adult learning theory and 
promoting multidisciplinary learning[10-15]. 

In an effort to standardize DKA education and focus 
on interprofessional teaching, we created a multistep, 
longitudinal simulation course. The scenario begins at 
diagnosis of DKA, proceeds through a standardized 
treatment course including management of fluids, 
insulin, electrolyte replacement, monitoring for com-
plications, and finishes when the patient transitions to 
subcutaneous insulin. Our primary hypothesis is that 
pediatric residents exposed to this multidisciplinary, 
longitudinal simulation improve their DKA knowledge 
compared to our reference group, graduating senior 
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residents not exposed to the intervention. Our second-
ary hypothesis is that by conducting the intervention in 
an inter-disciplinary fashion, both nurses and physicians 
will better understand each other’s roles in the care of 
patients with DKA. 

MATERIALS AND METHODS
Subjects
Pediatric and combined medicine/pediatric residents 
participated in the simulation course as part of their 
scheduled endocrinology rotation and were invited 
during their elective rotations if they were not already 
scheduled for endocrinology. Graduating third year 
pediatric residents and fourth year medicine/pediatric 
residents prior to initiation of this course were the 
reference group. Pediatric nurses from the intensive 
care unit and step down unit participated with the 
residents. Sessions were conducted approximately once 
a month from September 2013 through March 2015. 

Description of protocol/scenario development
The research was approved by Institutional Review 
Board at the University of Alabama in Birmingham. 
A scripted scenario was developed by simulation and 
endocrinology experts by a modified Delphi process 
to provide a uniform educational experience for our 
participants. An accelerated time sequence was used. 
The scenario was a patient with new onset diabetes 
in DKA. Once the diagnosis was confirmed, a plan 
of care was constructed with the nurses to include 
patient monitoring, administration of medications, 
correction of electrolyte imbalances, and schedule 
for lab draws. Participants were required to manage 
electrolyte abnormalities, administer appropriate fluid 
management, and monitor glycemic control while on 
an insulin drip. All participants were confronted with 
development of cerebral edema during the care of their 
patient. The simulated patient’s response was based on 
the provider’s reactions to changes in labs and clinical 
course. Actions performed were documented using 
a structured checklist created by endocrinologists. 
Once the patient met appropriate criteria, the resident 
provided instruction to the nurses regarding transition 
to subcutaneous insulin. Following the case, there 
was a participant-centered debriefing led by a content 
expert in pediatric endocrinology and a simulation nurse 
educator. Key points in the diagnosis and management 
of DKA were covered. 

Outcome measures
The effectiveness of the simulation for the residents 
was measured based on a pre- and post-test created 
by endocrinology and educational experts. Participants 
completed a pre-test prior to the simulation (Table 
1). The same post-test was given immediately after 
completion of the simulation and a second retention 
post-test was administered three to six months after 
the course. The reference group completed the same 

test in their last month of residency. The nursing staff 
completed a survey following the conclusion of the 
scenario and debriefing session. 

Statistical analysis 
Statistical analysis was performed using SPSS soft-
ware (Chicago, IL). A χ 2 test evaluated for categorical 
differences between the intervention and reference 
groups of residents. Paired and unpaired t tests com-
pared test scores both within the intervention group and 
reference group respectively. A P value of < 0.05 was 
considered statistically significant. Feedback comments 
were evaluated for common themes. 

RESULTS
Forty-five subjects participated including twenty 
residents and twenty-five nurses. Seventeen monthly 
sessions were conducted. The reference group was 
72% (16/22) of senior residents in their last month of 
training (June 2013). No personal history of diabetes 
mellitus type 1 was reported. Only one participant cared 
for a family member with diabetes. Exposure to these 
patients prior to the simulation was not significantly 
different amongst the two populations. Table 2 shows 
the demographics.

There was no statistical difference between the 
reference group’s knowledge assessment test and the 
intervention group’s pre-test, 75% ± 10% vs 77% ± 
15%, P = 0.66. Figure 1 shows the assessment scores 
of the intervention group at the three time periods tests; 
pre-test, initial post-test and 4-6 mo follow-up test. There 
was a significant improvement after the intervention 
but knowledge decay at the follow-up assessment. 
In addition, the intervention group had significant 
improvement in their test scores when compared to the 
reference group after the intervention (75% ± 10% 
vs 84% ± 12%, P = 0.02). While overall score did not 
improve between the pre-test and the second post-
test in the simulation group, specific questions involving 
fluid management and cerebral edema noted sustained 
improvement. This improvement is also noted when 
compared to the reference group.

No insulin or bicarbonate boluses were administered 
during any of the simulation activities. Only four partici-
pants administered more than one fluid bolus. All 
participants recognized the possibility of cerebral edema 
and 80% (16/20) of residents communicated this to 
the parent. Only half completed a neurological exam 
despite the concern for cerebral edema. 

Ninety-two percent (23/25) of nurses were from the 
step down ICU and 8% (2/25) were from the pediatric 
ICU. The majority were new critical care nurses with 
80% (20/25) having < 5 years of experience. Sixty-four 
percent of (16/25) cared for < 5 patients per month 
with DKA. All nursing participants found the experience 
positive and provided a better understanding of the 
diagnosis and management of DKA. Ninety-six percent 
(24/25) of believed the simulation to be more beneficial 

214 November 4, 2016|Volume 5|Issue 4|WJCCM|www.wjgnet.com

Larson-Williams LM et al . Interprofessional simulation course managing pediatric DKA



215 November 4, 2016|Volume 5|Issue 4|WJCCM|www.wjgnet.com

  Demographic information 

  1 What year in residency are you?
     PGY1     PGY2     PGY3     PGY4
  2 Circle the residency program you are currently enrolled in.
     Pediatrics     Med-Peds     Emergency medicine
  3 Have you done an endocrine rotation during your residency?  
     Yes     No
      (1) If yes, what year in your training did you do this rotation?
        PGY1     PGY2     PGY3     PGY4  
  4 Do you personally have type 1 diabetes?  
     Yes     No
     (1) If yes, have you ever been treated for DKA?
       Yes      No
  5 Have you ever actively cared for a family member or close friend with 
  diabetes?
     Yes     No
  6 Have you ever cared for a patient with DKA during your training?
     Yes     No
     (1) If yes, what rotations did you take care of these patients? Please list 
     the rotations
     (2) Approximately how many patients have you cared with DKA
        0-5 patients     5-10 patients     10-20 patients      > 20 patients
  Test questions (1correct answers, some questions have more than one 
  answer)
   1 Match the best words that define diabetic ketoacidosis (DKA) with the 
   appropriate lab value
      A Dehydration (1) BS > 200 mg/dL1

      B Ketosis1 (2) Bicarb < 19, Ph < 7.35
      C Acidosis1 (3) Urine or serum ketones1

      D Polydipsia (4) Bicarb < 15, pH < 7.31

      E Vomiting (5) Spec grav > 1.030
      F Hyperglycemia1 (6) Glycosuria
   2 Which of the following signs/symptoms best describes a patient with 
   DKA?
     A Vomiting/diarrhea, hypokalemia
     B Fever, leukocytosis
     C Rapid deep breathing, altered mental status, vomiting, polyuria1

     D Polyuria, polydipsia, nocturia
  3 Which of the following is not a known complication that can occur 
  during management of DKA?
     A Cerebral Edema
     B Hypokalemia
     C Pancreatitis
     D Hematuria1

     E Rhabdomyolysis
     F Hypercholermic metabolic acidosis
     G Mucormycosis
  4 Which of the following explanations best explains the best initial 
  therapy for DKA after initial fluid resuscitation?
     A Continuous IVF with 1/2NS or NS to replace fluid losses over 48 h, 
     insulin gtt at 0.1 units/kg per hour1

     B Continuous IVF with 1/2NS or NS to replace fluid losses over 48 h, 
     insulin gtt at 0.05 units/kg per hour
     C Maintenance IVF with 1/2NS or NS, insulin gtt at 0.1 units/kg per 
     hour
     D Maintenance IVF with 1/2NS or NS, IV insulin bolus followed by 
     insulin gtt at 0.1 units/kg per hour
     E Twice maintenance IVF with 1/2NS or NS, insulin gtt at 0.1 units/kg 
     per hour
     F Sodium bicarbonate administration, IV insulin bolus IV followed by 
     insulin gtt at 0.1 units/kg per hour, maintenance fluids with 1/2NS 
     or NS
  5 What labs and how often should labs be drawn on a patient in DKA, 
  including D-sticks?
     A D-sticks Q1H, serum electrolytes Q4H
     B D-sticks Q15 minutes, serum electrolytes Q2H
        (1) D-sticks Q1H, serum electrolytes Q2H initially then Q4H once 
        steady improvement is noted1

Table 1  Demographic and test questions         (2) D-sticks Q1H, serum electrolytes Q2H twice, then Q6H once 
        steady improvement is noted
  6 When should the patient’s neurological status be assessed?
     A On admission, every hour during treatment, as needed for acute 
     changes1

     B Every hour during treatment
     C On admission, every hour for the first four hours of treatment and 
     then as needed for acute changes
     D On admission and as needed for acute changes
  7 When should dextrose be added to your treatment of DKA?
     A When blood sugar drops by more than 100 mg/dL in an hour
     B When blood sugar is less than or equal to 250 mg/dL
     C When blood sugar drops by more than 75 mg/dL in an hour
     D When blood sugar is less than or equal to 300 mg/dL
     E A and B
     F A and D1

     G C and D
     H B and C
  8 When should potassium not be added to the IVF?
     A When potassium is < 5.5
     B When patient has urinated
     C When no EKG abnormalities are noted on cardiac monitor
     D When patient has evidence of acute renal failure on lab evaluation1

  9 Identify three signs/symptoms of cerebral edema
     A Headache1

     B Altered mental status1

     C Hyperactivity
     D Hypotension
     E Bradycardia1

     F Tachycardia
  10 Over what period of time should you correct a patient in DKA’s 
  dehydration?
     A Immediately
     B Over 12 h
     C Over 24 h
     D Over 48 h1

     E Over 72 h
  11 When is the patient at the greatest risk for developing cerebral edema?
     A On admission/before treatment
     B At initiation of treatment
     C Several hours into treatment1

     D At the time of transition 
  12 Describe the process of how to transition a patient off an insulin drip onto 
  SQ insulin (Do not need to describe calculating doses of insulin. Just the 
  basic process) 
     A Order food tray, when food arrives, administer long acting insulin 
     and mealtime SQ insulin, allow patient to eat, approximately one hour 
     later discontinue the insulin gtt, and remove dextrose from fluids1

     B Discontinue insulin gtt, administer long acting insulin when arrives
     C Administer long acting SQ insulin, one hour later allow patient to eat 
     and administer mealtime insulin, discontinue insulin gtt, remove 
     dextrose from fluids
     D Order food tray, when food arrives, allow patient to eat, administer 
     long acting insulin and mealtime SQ insulin, approximately one hour 
     later discontinue the insulin gtt
  13 When should the insulin drip be stopped during the treatment of 
  DKA? 
     A When the blood sugar drops by > 200 mg/dL
     B During transport
     C When the bicarb is 19
     D When long acting SQ insulin has been given in consultation with 
     endocrine1 

  14 Which of the following therapies is appropriate treatment of DKA?
     A Bicarb administration
     B Several hour delay or interruption in receiving insulin gtt
     C Rapid drop in glucose during treatment
     D Multiple fluid boluses at the beginning of treatment unless patient is 
     hemodynamically unstable
     E Starting the insulin drip one hour after IV fluid hydration has been 
     initiated1
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than previous education on DKA. Residents echoed this 
positive response with all identifying the simulation as 
beneficial especially the interdisciplinary nature of the 
course. 

Qualitative analysis found the following overall 
learning themes: (1) activity “felt like real life” by having 
the residents and nurses’ work together; (2) longitudi-
nal progression of events allowed learners to see a 
patient in different stages of treatment; (3) debriefing 
discussions regarding pathophysiology and linking it 
to treatment was helpful; and (4) early recognition 
of cerebral edema and management. Suggestions 
for improvement included: (1) utilize electronic order 
entry system; (2) provide written handouts; and (3) 
participate in the simulation earlier in training. 

DISCUSSION
A multidisciplinary, longitudinal simulation can improve 
understanding of a medically complex disorder such 
as DKA. This is demonstrated by improvements in 
test scores from pre-simulation to initial post-simula-
tion as well as when compared to the reference 
group. Certain aspects of DKA management including 
fluid administration and cerebral edema recognition 
showed sustained improvement. In an environment 
where patient exposure is often fragmented due to 
nursing shift schedules and duty hour restrictions, the 
longitudinal nature of this course allows participants 
to see a patient from initial diagnosis until transition 
to subcutaneous insulin. This aspect along with the 
multidisciplinary approach makes it unique amongst 
previously described studies[12-19]. 

Volkova et al[14] designed a multidisciplinary appro-
ach for implementation of DKA guidelines. Internal 
medicine residents were educated via computer based 
testing/supportive reading materials and separate 
nursing education was conducted through lectures/
reading materials. Documentation of compliance to 
guidelines and knowledge assessments were performed 
on the residents. Improvement in both areas was noted. 
Our studied allowed for simultaneous learning analogous 
to patient care which added benefit in that healthcare 
professionals learn firsthand the complexities of effective 
communication when taking care of critically ill patients. 
Fung et al[15] conducted a systemic review regarding 
the use of interdisciplinary and interprofessional 
simulation as an education tool for crisis resource man-
agement. Specific gains including improvement in 
team communication and subsequently overall patient 
care were noted in three of the studies reviewed. 

Interprofessional simulation also provides a forum for 
learners to practice leadership roles in emergency 
situations. Brown et al[16] in 2014 demonstrated that a 
multidisciplinary simulation could be used to improve 
radiation oncology resident training for medical 
emergencies. 

Few studies have looked specifically at simulation 
as a DKA educational tool. Schneider Sarver et al[17] 
developed a three part simulation involving management 
of an adolescent patient with mild, moderate, and severe 
DKA for nursing students which showed knowledge 
improvement. Lee Chin et al[18] compared high-fidelity 
simulation vs case-based learning modules for DKA 
and thyroid storm for senior pharmacy students. Both 
groups demonstrated knowledge improvements but 
the simulation group had higher post-test scores. 
Problem-based DKA simulation case series for medical 
students supplementing their basic science material or 
computer-based simulations as part of an outpatient 
endocrine rotation showed knowledge gains compared 
to traditional learning methods[19,20]. 

Our simulation course identified knowledge, com-
munication and patient care gaps. For example, only 
half of residents completed a thorough neurological 
exam despite clinical evidence concerning for cerebral 
edema. When asked about this during debriefing, 
residents identified wanting to “rush” through the exam 
and not identifying a need to perform a more thorough 
exam. All nursing participants notified the resident 
physicians regarding the patient’s clinical changes 
consistent with cerebral edema but only a few clearly 
communicated their concern was cerebral edema. 
Another example of communication breakdown was 
timing of insulin drip initiation in regards to fluid boluses 
and initiation of intravenous fluids. Sometimes fluid 
boluses and insulin drips were administered around 
the same time without clarification asked for by the 
nursing staff or provided by the prescribers. Per 2014 
International Society for Pediatric and Adolescent 
Diabetes guidelines, delaying insulin drip initiation 1-2 
h after beginning fluid resuscitation therapy can help 
decrease the risk of cerebral edema[4]. 

Knowledge decay over time has been reported 
as a concern in medical education literature[21,22]. In 
adult advanced life support training a recent review 
demonstrated that knowledge and skill decay can 
occur as quickly as six weeks after initial training with 
more significant decay noted at 6-12 mo which can 
be attenuated if subjects have more clinical topic 
exposure[21]. Doumouras et al[22] specifically discussed 
the use of simulation and retention of knowledge and 
skills for crisis resource management training and 
showed retention of skills, particularly team based skills, 
was maintained if a repeated intervention was utilized. 
These findings may help explain the lack of sustained 
knowledge improvement in our population. The expo-
sure of our cohort to DKA patients between the conclu-
sion of the simulation and the second post-test was not 
documented. Residents with more exposure to these 
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  15 On a scale from 1 to 5, how beneficial did you find the simulation 
  exercise?
     1     2     3     4     5
     Least helpful     Most helpful
  16 How would you improve this simulation exercise? (add this to the 
  immediate post-test and not the one done at 3-6 mo)
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patients to reinforce skills learned during the simulation 
may have performed better on the second post-test. 
Along those same lines, no structured reinforcement 
was offered between the conclusion of the simulation 
and the second post-test and this may have improved 
retention scores. 

While our paper looks at the improvement of 
pediatric DKA management through simulation, we 
saw different methods utilized in each scenario. This 
difference in management of DKA in the pediatric 
population has been seen in other areas as well. Ski-
tch and Valani[23] looked at the protocols of thirteen 
pediatric tertiary centers in Canada and reported many 
differences in the management of DKA. In comparison, 
a survey in pediatric centers in the Italian Society for 
Pediatric Diabetology and Endocrinology recognized 
significant differences in DKA management among 
their centers as well[24]. Both articles reference the need 
for evidence-based guidelines to be utilized across the 
board for best practice[23,24]. Although, DKA is managed 
through different methods, preventative care for these 
patients is of utmost importance. Crossen et al[25] 
concluded that signs of impending DKA were seen in 
children with type I diabetes who had recent emergency 
department visits and had infrequent subspecialty 
primary care visits. Chafe et al[26] utilized a focus study 
group of patients and families to identify ways to reduce 
episodes of DKA in the youth population. This project 
identified factors that put the youth at increased risks 
and recognized areas to improve those odds.

Limitations of this study included the relatively small 
number of participants especially in regards to numbers 
in the individual groups; reference, intervention and 
nurses. Recruitment of participants was limited due to 
the complex scheduling issues that are faced by both 
nursing staff and resident physicians. Other limitations 

include the reliance on participants to accept the 
realism in simulation activities. We chose to use a high-
fidelity mannequin for the simulation to help reduce 
these issues. Each debriefing was designed to cover 
certain basic topics with all participants however may 
not have been identical. Finally, we did not assess if this 
intervention helped in actual care of patients with DKA.

Our study demonstrates that an interprofessional, 
longitudinal simulation improves short term under-
standing regarding the management of pediatric DKA. 
Subjectively, nurses found the interprofessional simula-
tion improved their knowledge as well. It may be a 
useful tool to teach a team based approach and focus 
on communication between nursing staff and physicians 
when taking care of critically ill children. Unfortunately 
knowledge gains were not sustained at the 3-6 mo 
follow up sessions. Further studies are needed to 
investigate the impact of this simulation on patient care, 
specific changes in healthcare provider practices, and 
methods to reduce knowledge decay.

COMMENTS
Background
Diabetic ketoacidosis (DKA) is the most common pediatric endocrine emergency 
and understanding its management is important for the healthcare team. 
Experience and training in DKA management is variable and often separated by 
healthcare disciplines. Simulation may be an important tool to help standardize 
DKA training.

Research frontiers
Inter-disciplinary training with simulation is becoming an important way to train 
medical providers.

Innovations and breakthroughs
This is the first article to evaluate the role of inter-disciplinary simulation training 
in the management of pediatric DKA. Important knowledge gains were seen after 
the intervention but were not sustained on 3 mo follow-up.

Applications
Simulation is important tool in medical education and its role continues to 
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  Category Control 
Group 

(n  = 16)

Intervention 
Group 

(n  = 20)

P  value

  Residency training year 0.003
     PGY 2       0 (0)  8 (40)
     PGY 3/4 16 (100) 12 (60)
  Type of residency 0.192
     Pediatric 13 (81) 19 (95)
     Medicine-pediatric 3 (19) 1 (5)
     Treated DKA in residency 16 (100)  20 (100) 0.192
     Endocrine rotation only  2 (13)   4 (20)
     ICU rotation only 5 (31) 1 (5)
     Both endocrine and ICU rotation 6 (37)   9 (45)
     Other (ED, night float) 3 (19)  6 (30)
  Estimated number of patients 
  treated with DKA  

0.825

     1-10 2 (13)  4 (20)
     10-20 8 (50)  9 (45)
    > 20 6 (37)  7 (35)

Table 2  Demographic Information for Control and 
Intervention Groups n  (%)

PGY: Post graduate year; DKA: Diabetic ketoacidosis; ICU: Intensive care 
unit; ED: Emergency department.
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Abstract
AIM
To investigate the factors associated with the functional 
progress of hospitalized patients following an intensive 
care admission.

METHODS
Retrospective study including data from a cohort of 
198 hospitalized patients following an intensive care 
admission and not requiring mechanical ventilation 
in a single tertiary referral hospital. A generalized 
linear model was used to identify the main effects of 
clinical and demographic variables on the outcomes of 
functionality (KATZ Index of Independence in Activities 
of Daily Living) and muscle strength (MRC Scale). The 
covariates identified as independent predictors were 
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analysed using the receiver operating characteristic   
curves. The analysis differentiated the periods in the 
intensive care unit (ICU), in the Ward (WARD) and the 
total time of hospital stay (TOT).

RESULTS
Considering the functional outcome (ΔKATZ), the vari-
ables that significantly contributed to the model (P  < 
0.05) were the KATZ and MRC on admission, age, sepsis 
(no), and total length of stay (TLS). Regarding the 
muscle strength outcome model (ΔMRC), the predictors 
were MRC on admission, Simplified Acute Physiology 
Score III, previous stroke, TLS, and sex (female). The 
variable age (AUC = 0.664) discriminated the ΔKATZICU. 
The variables age (AUC = 0.712), KATZ in ICU (AUC = 
0.590) and on ward admission (AUC = 0.746), and MRC 
on ward admission (AUC = 0.721) were discriminative 
for ΔKATZWARD. For ΔKATZTOT the variables KATZ on ICU 
admission (AUC = 0.621) and TLS (AUC = 0.617) were 
discriminative. For ΔMRCICU the variables SAPSIII (AUC 
= 0.661) and MRC on ICU admission (AUC = 0.653) 
were discriminative. MRC on ICU (AUC = 0.681) and 
ward admission (AUC = 0.553) were discriminative 
for ΔMRCWARD. TLS (AUC = 0.649) and MRC on ward 
admission (AUC = 0.696) discriminative for the ΔMRCTOT.

CONCLUSION
Specific functional, clinical and demographical variables 
at ICU admission are associated with the functional 
prognosis during the hospitalization period.

Key words: Muscle strength; Intensive care units; 
Activities of daily living; Rehabilitation; Early mobili-
zation; Post-intensive care unit syndrome

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In spite of the advances in critical care, 
functional deficits are commonly observed during and 
after the hospitalization period. This retrospective 
study aimed to investigate the factors associated with 
the functional progress in a cohort of patients that 
underwent a mobilization protocol, from the intensive 
care unit (ICU) to the hospital discharge. As functional 
ability, muscle strength, low illness severity score 
at ICU and ward admission, absence of sepsis and 
stroke, longer total length of stay, male gender and 
younger age were predictors of favourable patients’ 
functional progress, these variables should be taken in 
consideration when planning rehabilitative strategies 
for hospitalized patients following an intensive care 
admission.

Ferreira NA, Lopes AJ, Ferreira AS, Ntoumenopoulos G, Dias 
J, Guimaraes FS. Determination of functional prognosis in 
hospitalized patients following an intensive care admission. 
World J Crit Care Med 2016; 5(4): 219-227  Available from: 
URL: http://www.wjgnet.com/2220-3141/full/v5/i4/219.htm  
DOI: http://dx.doi.org/10.5492/wjccm.v5.i4.219

INTRODUCTION
The advances in critical care have led to increased 
survival, however, physical and psychological deficits are 
commonly observed during and after the hospitalization 
period[1]. Intensive care unit acquired weakness (ICU-
AW) is currently recognized as an important complication 
of critical illness. It is defined as symmetrical weakness 
in upper and lower limbs and is diagnosed with a 
medical research council (MRC) score sum less than 
48[2]. Prolonged bed rest, systemic inflammation, 
hyperglycaemia, sedation, sepsis, malnutrition, patient 
immobilization, use of corticosteroids and neuromuscular 
blockers, among others, are considered risk factors 
for ICU-AW and, consequently, poorer functional out-
come[3,4]. 

According to the World Health Organization Interna-
tional Classification of Functioning, Disability and 
Health[5,6], the key measures of physical function can 
be categorized as: (1) mobility: Including balance, 
lying, sitting, standing, shifting the body’s centre of 
gravity; (2) muscle function: Strength; (3) walking and 
moving: Including walking independently, walking with 
assistance, walking short and long distances; (4) self-
care: Activities of daily living (ADL) such as washing, 
dressing, toileting, grooming and eating; and (5) self-
reported quality of life (QOL). Although 26 different 
functional instruments have been described for use in 
critically ill patients, proper assessment tools addressing 
impairment, activity limitations and participation 
restrictions need to be developed to be utilized across 
different time points of recovery[7]. The KATZ Index of 
Independence in Activities of Daily Living (KATZ ADL)[8] 
was first developed to assess the functional status in 
non-hospitalized older adults, and has been applied 
across a wide range of patient populations[9] and is one 
of the few functional scales that have been used both 
in critical care[10-12] and in the ward settings[11,13-15]. Simi-
larly, the MRC, which was initially developed to assess 
the volitional muscle strength in outpatients[16], has been 
broadly used in critical care patients with a very good 
interrater reliability[17], however there are limitations 
to the use of volitional measures of muscle function in 
critically ill patients[18]. 

The literature however is still scarce concerning 
the factors that may determine the patients’ functional 
recovery during the in-hospital period following a stay 
in intensive care. The ability to predict patient functional 
progress may contribute to the individualization of 
rehabilitative interventions. Additionally, the functional 
assessment throughout different time points of the in-
hospital period, from the ICU admission/discharge to 
hospital discharge, using measures of muscle function 
and self-care may improve the understanding of the 
relationship between these two functional domains.

Thus, the primary objective of this study was 
to identify the factors that determine the functional 
progress of a cohort of patients that required an 
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intensive care admission without the need for mechanical 
ventilation and underwent a mobilization protocol, from 
the ICU admission to hospital discharge. Secondarily, 
we aimed at evaluate the association between the 
KATZ ADL index and the MRC scale during the same 
hospitalization period.

MATERIALS AND METHODS
Design
Retrospective study including data from a cohort of 198 
hospitalized patients in a single tertiary referral hospital. 
The medical records from patients admitted to the ICU 
at the Barra D’Or Hospital between September 2013 
and December 2014 were screened according to the 
eligibility criteria.

The generalized linear model was used to identify the 
main effects of clinical and demographic variables on the 
outcomes of functionality and muscle strength during 
the hospitalization period. The study was approved by 
the Institutional Research Board and Ethics Committee.

Participants
Data was obtained from non-mechanically ventilated 
patients presenting with at least one of the following 
criteria: KATZ score ≥ 3, MRC ≤ 48, diagnosis of 
pulmonary or cardiovascular disease, and cooperative 
(Richmond Agitation-Sedation Scale between 0 and 
2) who stayed at least 48 h at the ICU and underwent 
the mobilization protocol. Records of patients who died 
during the period of the study, with neuromuscular 
disease, returned to the ICU after discharge or with 
incomplete data were not included. 

Mobilization protocol and functional assessment
Eligibility criteria and procedures for the mobilization 
protocol followed the framework proposed by Hanekom 
et al[19] (2011). According to their clinical and functional 
condition, the patients progressed from passive and 
active mobilization and from being recumbent to ambu-
lation as able. For patients unable to mobilize out of 
bed, lower limb strengthening exercises were included. 
Neuromuscular electrical stimulation and in-bed cycling 
exercises were not used. The interventions were under-
taken daily on a twice a day basis. 

The peripheral muscle strength was assessed by the 
MRC scale[16,17] which uses a 6-point scale from 0 (no 
contraction) to 5 (full contraction through range against 
resistance) of 12 muscle groups: Bilateral shoulder 
abduction, elbow flexion, wrist extension, hip flexion, 
knee extension and foot dorsiflexion. The representative 
score for each patient is the sum of the points given for 
each muscle group (maximum = 60).

The overall functional performance was assessed 
using the KATZ ADL index, which was culturally adapted 
for the Brazilian population[20]. This index assesses the 
subjects’ ability to perform the following activities of 
daily living independently: Bathing, dressing, toileting, 

transferring, continence, and feeding. The scoring 
system gives a numerical score from “0” (independent 
in the six functions) to “6” (dependent in the six 
functions).

The mobilization protocol, muscle strength and 
functional performance were performed by the physical 
therapy team, who were periodically trained to ensure 
a these procedures were applied in a standardised way. 
The patients underwent the mobilization protocol from 
the ICU admission until the hospital discharge. Functional 
and muscle strength assessments were undertaken on 
three key periods: ICU admission, ICU discharge and 
hospital discharge.

Statistical analysis
Differences (delta, ∆) between the output and input 
values of hospital sectors were established as categorical 
outcomes (∆SCOREperiod = OUTscore,period - INscore,period). 
Such differences were calculated for periods of stay only 
in the ICU (ICU), only in the ward (WARD) and for the 
total hospital stay (TOT). Thus, considering that in the 
KATZ scoring system higher values are representative of 
poor functionality, the following categorization was set 
as ΔKATZperiod = 1 if the sector’s output score is lower 
than the input or ΔKATZperiod = 0 if the sector’s output 
score is higher or equal than the input. Conversely, 
considering that the MRC score is directly proportional 
to the functionality, the categorization was set as 
ΔMRCperiod = 1 if the sector’s output score is greater than 
the input, ΔMRCperiod = 0 if the output score is equal or 
lower than the input.

Descriptive statistics included mean ± SD, median 
(minimum; maximum) or proportions for subjects aged 
< 65 years, ≥ 65 years, and the whole sample. Data 
between age groups were compared using indepen-
dent-sample t tests for continuous variables, χ 2 test for 
categorical variables, and Fisher’s exact test for dicho-
tomous variables. Plots represent mean values alongside 
the 95%CI. Binary logistic, generalized linear model 
was used to identify the main effects of the factors 
(gender, “male” = 1; sepsis, “yes” = 1; COPD, “yes” = 
1; dementia, “yes” = 1, previous stroke, “yes” = 1; and 
cause of ICU admission) and covariates (age; SAPSIII; 
length of stay; KATZ at admission; MRC at admission) 
on the outcomes of functionality and muscle strength 
(ΔKATZperiod and ΔMRCperiod, respectively). The covariates 
identified as independent predictors were analysed using 
the receiver operating characteristic (ROC) curves. The 
value of state variable was coded “0” or “1”, aiming to 
mirror the curve above the reference diagonal to facilitate 
the data interpretation. Cut-off points were determined 
by the minimal distance calculated as

 
d =   (1 - sensitivity)2 + (1 - specificity)2

[21]. 

The association between MRC and KATZ scores was 
assessed through the Spearman’s correlation coefficient, 
and all the results were considered significant when P < 
0.05. All statistical analyses were performed with SPSS 
software (IBM Inc., United States).
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P = 0.007), MRC at ICU admission (Wald χ2 = 4.837, 
P = 0.028) and previous stroke (Wald χ2 = 4.671, P < 
0.031). For the ward period (ΔKATZWARD) the significant 
predictors were age (Wald χ 2 = 6.520, P = 0.011), 
KATZ at ward admission (Wald χ2 = 12.782, P < 0.001), 
MRC at ward admission (Wald χ2 = 4.418, P = 0.036), 
and sepsis (Wald χ2 = 4.528, P = 0.033). Similarly, age 
(Wald χ2 = 8.077, P = 0.004), total length of stay (Wald 
χ2 = 6.629, P = 0.010) and KATZ at ward admission 
(Wald χ 2 = 10.099, P = 0.001) contributed for the 
functional outcome model considering the total length 
of stay (ΔKATZTOT) (Table 2).

Regarding the muscle strength outcome during 
the ICU stay (ΔMRCICU), the SAPSIII (Wald χ2 = 5.789, 
P = 0.016), MRC at ICU admission (Wald χ2 = 9.645, 
P = 0.002) and previous stroke (Wald χ2 = 8.815, P 
= 0.003) were significant predictors. For the ward 
period (ΔMRCWARD) the predictors were the MRC at ICU 
admission (Wald χ 2 = 20.013, P < 0.001) and MRC 
at ward admission (Wald χ2 = 12.085, P = 0.001). At 
hospital discharge (ΔMRCTOT), the total length of stay 
(Wald χ2 = 4.799, P = 0.028), MRC at ward admission 
(Wald χ2 = 4.406, P = 0.036) and sex (Wald χ2 = 3.864, 
P = 0.049) contributed for the model (Table 2).

Among the significant predictors in the generalized 
linear model analysed using the ROC curve, age (AUC 
= 0.664, cut-off = 78.5 years) was the only variable 
that discriminated the ΔKATZICU. For the ΔMRCICU the 
variables SAPSIII (AUC = 0.661, cut-off = 50.0%) 

RESULTS
A total of 198 subjects (121 females, 61%) aged 24 
to 101 years (76.4 ± 15.9 years) were considered 
eligible for the study. From these, 78 were hospitalized 
for lung disease, 105 for sepsis, 19 had COPD, 51 
had dementia and 26 had a prior stroke. The average 
length of hospital stay was 12 ± 9 d, and the average 
SAPSIII score was 51.7 ± 9.5 (Table 1). In the analysis 
of deltas for KATZ, 24.7% of the patients improved and 
63.1% remained stable in ΔKATZICU, 23.7% improved 
and 66.7% remained stable in ΔKATZWARD, and 36.4% 
improved and 51.5% remained stable in ΔKATZTOT. For 
MRC, 28.8% improved and 57.1% remained stable in 
ΔMRCICU, 35.4% improved and 52.5% remained stable 
in ΔMRCWARD and 47.0% showed improvement, and 
35.4% remained stable in ΔMRCTOT. The proportion of 
elderly patients (≥ 65 years) in the group was 80.3%. 
One hundred and thirty-four (67.7%) patients had 
a MRC < 48 at ICU discharge (consistent with the 
definition of ICU-AW), with only minimal improvement 
at hospital discharge with 122 (61.6%) with the MRC 
< 48. The functional and muscle strength progress 
through the different time points of the study are shown 
in Figure 1.

Considering the functional outcome during the 
ICU stay (ΔKATZICU), the variables that significantly 
contributed to the model were age (Wald χ2 = 10.060, 
P = 0.002), KATZ at ICU admission (Wald χ2 = 7.385, 
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  Variables Levels Age < 65 yr Age ≥ 65 yr P  value All sample
Mean ± SD Mean ± SD Mean ± SD Median (Min; max)

n  = 39 n  = 159 n  = 198
  Age, yr 50.5 ± 12.2          82.7 ± 8.6 NT   76.4 ± 15.9 80 (24; 101)
  KATZ at ICU admission, score 3.9 ± 1.4 4.3 ± 1.4     0.207   4.2 ± 1.4 4 (0; 6)
  MRC at ICU admission, score 46.6 ± 15.1 39.1 ± 14.9     0.007   40.6 ± 15.2 44 (0; 60)
  KATZ at ward admission, score 2.7 ± 2.1 4.2 ± 1.6 < 0.001   3.9 ± 1.8 4 (0; 6)
  MRC at ward admission, score 48.1 ± 15.0 40.0 ± 15.1     0.004   41.6 ± 15.3 45.5 (0; 60)
  KATZ at hospital discharge, score 2.5 ± 2.2 4.0 ± 1.8 < 0.001            3.7 ± 2 4 (0; 6)
  MRC at hospital discharge, score 50.6 ± 15.4 41.9 ± 14.0     0.002   43.6 ± 14.7 48 (0; 60)
  Hospital length of stay, d               9.9 ± 7.0          12.1 ± 9.8     0.117 12 ± 9 9 (2; 52)
  SAPS3, % 43.8 ± 8.8          53.7 ± 8.6 < 0.001 51.7 ± 9.5 51 (27; 89)
  Gender, n (%) Female  17 (14)           104 (86)     0.017  121 (61) -

Male  22 (29)             55 (71) -    77 (39) -
  Sepsis, n (%) No  19 (20)  74 (80)     0.859    93 (47) -

Yes  20 (19)  85 (81) -  105 (53) -
  COPD, n (%) No  37 (21)           142 (79)     0.377  179 (90) -

Yes    2 (11)  17 (89) -    19 (10) -
  Dementia, n (%) No  39 (27)           108 (73) < 0.001  147 (74) -

Yes  0 (0)    51 (100) -    51 (26) -
  Previous stroke, n (%) No 38 (22)           134 (78)     0.032  172 (87) -

Yes  1 (4)  25 (96) -    26 (13) -
  Cause of ICU admission, n (%) Cardiovascular    4 (33)    8 (67)     0.646  12 (6) -

Gastrointestinal    3 (16)  16 (84) -    19 (10) -
Neoplastic  0 (0)      1 (100) -    1 (1) -
Neurologic    4 (25)  12 (75) -  16 (8) -

Renal    8 (23)  27 (77) -    35 (18) -
Pulmonary  16 (21)  62 (79) -    78 (39) -

Others    4 (11)  33 (89) -    37 (19) -

Table 1  Subjects characteristics (n  = 198)

KATZ: KATZ Index of Independence in Activities of Daily Living; MRC: Medical Research Council; SAPS3: Simplified acute physiology score; COPD: 
Chronic obstructive pulmonary disease; NT: Not tested.
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and MRC at ICU admission (AUC = 0.653, cut-off = 
37 points) were discriminative. For ΔKATZWARD, the 
variables of age (AUC = 0.712, cut-off = 81.5 years), 
KATZ at ICU admission (AUC = 0.590, cut-off = 4.5 
points), KATZ at ward admission (AUC = 0.746, cut-off 
= 2.5 points), and MRC at ward admission (AUC = 0.721, 
cut-off = 47 points) were discriminative. The variables 
that significantly discriminated the ΔMRCWARD were MRC 
at ICU admission (AUC = 0.681, cut-off = 44.5 points) 
and MRC at ward admission (AUC = 0.553, cut-off = 
43.3 points). Finally, total length of stay (AUC = 0.617, 
cut-off = 11.5 d) and KATZ at ICU admission (AUC = 
0.621, cut-off = 3.5 points) were the only variables that 
discriminated the ΔKATZTOT. Whereas total length of 
stay (AUC = 0.649, cut-off = 10.5 d) and MRC at ward 
admission (AUC = 0.696, cut-off = 37 points) were the 
variables that significantly discriminated the ΔMRCTOT 
(Figure 2 and Table 3).

There were weak significant associations between 
ΔMRCICU and ΔKATZICU (ρ = 0.264; P < 0.001), ΔMRCICU 

and ΔKATZWARD (ρ = 0.151; P = 0.034) and ΔMRCTOT and 
ΔKATZTOT (ρ = 0.183; P = 0.010).

DISCUSSION
Overall muscle strength and functional progress during 
hospitalization
The results of this study showed that, in spite of being 
cooperative and undergoing a mobilization protocol, 
only a small percentage of the patients in ICU improved 
their muscle strength (28.8%) and functional status 
(24.7%) in this setting. The same was observed in the 
ward period, with improvements in 35.4% of patients 
for muscle strength and 23.7% of patients for KATZ 
ADL index. This cohort of patients had low functional and 
muscle strength scores at hospital discharge, i.e., KATZ 
= 3.7 and MRC = 43.6. Advanced age was identified as 
one of the determining factors of unfavourable functional 
progress in our study, and with the high prevalence of 
aged patients in our sample (80.3%, i.e., 167 patients 

older than 65 years of age) this must have contributed 
to the poor functional progress during hospitalization 
and at hospital discharge. As shown in Table 1, elderly 
patients had more severe clinical condition at admission, 
as well as lower MRC scores and higher prevalence 
of previous stroke. Besides aging, these factors may 
have also contributed to the poorer functional scores 
observed on the ward and at hospital discharge in 
comparison with the younger subgroup.

Nevertheless, when considering the sample as a 
whole, there was a clear trend in improving MRC and 
KATZ scores throughout the hospitalization period 
(Figure 1). These results are in accordance with the 
study of van der Schaaf et al[22] (2009) who followed 
a sample of 255 participants during the ICU stay. In 
this study, even with a younger sample (mean age 
= 58.8 years), they found that 69% of the subjects 
had persistent limitations for the activities daily living 
even one year after the hospital discharge. In our 
study length of stay was a significant predictor of 
improvement in muscle strength and functional status 
when considering the total time of hospitalization. This 
suggests that the in-hospital functional and muscle 
strength recovery may be time-dependent. Hence[12] 
the extent of improvements in functional outcomes 
during hospitalization should be incorporated in 
hospital discharge planning. However, the evidence 
is still inconclusive regarding the benefits of exercise-
based interventions on functional exercise capacity 
and health-related quality of life for survivors of critical 
illness[23]. Further research into the rehabilitation 
during hospitalization and post hospital discharge are 
required[24]. 

Predictors of muscle strength and functional 
improvement
A total of 134 (67.7%) and 122 (61.6%) of the patients 
presented with ICU-AW at ICU and hospital discharge, 
respectively. The high incidence of ICU-AW in this cohort 
of patients may be due to the high prevalence of sepsis 
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Figure 1 Functional progress through the different time points of the study. KATZ: KATZ Index of Independence in Activities of Daily Living; MRC: Medical 
Research Council Scale. Dashed lines represent step changes in mean values of scores between sequential time points of the study. ICU: Intensive care unit.
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Figure 2  Receiver operator characteristics curves of improvement in KATZ ADL index (left panels) and MRC scores (right panels) during ICU stay (top 
panels), ward stay (center panels) and at hospital discharge (bottom panels). ΔKATZICU improvement of at least 1 point in the KATZ Index Score during the ICU 
stay; ΔMRCICU: Improvement of at least 1 point in the MRC Score during the ICU stay; ICU: Intensive care unit; KATZ ADL: KATZ Index of Independence in Activities 
of Daily Living; MRC: Medical research council.
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  Functional outcomes ΔKATZ ΔMRC

AUC Cut-off Sensitivity Specificity P  (Sig.) AUC Cut-off Sensitivity Specificity P  (Sig.)
  ICU Age, yr 0.664 78.5 41% 42% 0.001    1 1 1 1       1

SAPS3, %      1         1         1         1      1 0.661 50.5 68% 52%    0.014
KATZ at ICU admission, score 0.515   4.5 47% 58% 0.753    1 1 1 1       1

MRC at ICU admission, score 0.592 45.5 57% 56% 0.053 0.653     37 44% 35%    0.001
  Ward Age, yr 0.712  81.5 32% 47%  < 0.001    1 1 1 1       1

KATZ at ICU admission, score 0.590   4.5 35% 52% 0.035    1 1 1 1       1

MRC at ICU admission, score      1 1         1         1      1 0.681 44.5 39% 42% < 0.001
KATZ at ward admission, score 0.746   2.5 63% 12%  < 0.001    1 1 1 1       1
MRC at ward admission, score 0.721       47 69% 67%  < 0.001 0.553 43.3 54% 48%     0.200

  Total Age, yr 0.592 81.5 38% 52% 0.058    1 1 1 1       1

Total length of stay, d 0.617 11.5 51% 72% 0.016 0.649 10.5 54% 73%    0.001
KATZ at ICU admission, score 0.621   3.5 53% 28% 0.012    1 1 1 1       1

KATZ at ward admission, score 0.515   4.5 38% 58% 0.750    1 1 1 1       1

MRC at ward admission, score      1 1         1         1      1 0.696     37 51% 35% < 0.001

Table 3  Receiver-operating characteristic curve analysis for significant factors for predicting functional outcomes

1Variables with no significant effect on the generalized linear model were not analyzed using ROC curves. KATZ: KATZ Index of Independence in 
Activities of Daily Living; MRC: Medical Research Council; SAPS3: Simplified acute physiology score; AUC: Area under the curve. 

  Functional outcome ΔKATZ ΔMRC
Test for model effects Parameter estimates Test for model 

effects
Parameter estimates

  Comparison Variable Wald χ 2 P  (Sig.) B Lower 
95%CI

Upper 
95%CI

Wald χ 2 P  (Sig.) B Lower 
95%CI

Upper 
95%CI

  ICU Age, yr 10.006 0.002     0.043     0.016   0.069   1.430   0.232   0.016   -0.010     0.042
SAPS3, %    1.312 0.252   -0.023   -0.063   0.017   5.789   0.016 -0.053   -0.097   -0.010

Length of stay in ICU, d    1.295 0.255   -0.040   -0.110   0.029   3.145   0.076 -0.068   -0.144     0.007
KATZ at ICU admission, score    7.385 0.007   -0.562   -0.967 -0.157   0.399   0.528   0.119   -0.251     0.489
MRC at ICU admission, score    4.837 0.028   -0.045   -0.084 -0.005   9.645   0.002   0.057    0.021     0.093

Sex (male = 1)    0.069 0.792   -0.108   -0.913  0.697   0.733   0.392   0.341   -0.440     1.123
Sepsis (no)    0.105 0.745   -0.133   -0.934   0.669   0.088   0.766 -0.122   -0.924     0.680
COPD (no)    0.184 0.668   -0.302   -1.683   1.078   0.479   0.489 -0.488   -1.870     0.894

Dementia (no)    0.238 0.626   -0.261   -1.312  0.789   1.478   0.224 -0.622   -1.626     0.381
Previous stroke (no)    4.671 0.031   -1.782   -3.398 -0.166   8.815   0.003 -2.667   -4.428   -0.906

Cause of ICU admission    3.785 0.706 NS NS NS   7.956   0.241 NS NS NS
  Ward Age, yr   6.520 0.011    0.040     0.009  0.071   1.235   0.267   0.016   -0.012     0.043

SAPS3, %    0.137 0.711    0.008   -0.034      0.050   0.029   0.865 -0.004   -0.046     0.039
Length of stay in ward, d    2.726 0.099   -0.047   -0.102  0.009   1.014   0.314 -0.028   -0.083    0.027

KATZ at ICU admission, score    9.241 0.002   -0.858   -1.411 -0.305   1.185   0.276  0.228   -0.183    0.639
MRC at ICU admission, score    1.339 0.247    0.034   -0.024   0.092 20.013  < 0.001  0.223    0.125     0.320

KATZ at ward admission, score 12.782  < 0.001    0.867    0.392   1.342   0.503   0.478  0.123   -0.217     0.464
MRC at ward admission, score    4.418 0.036   -0.064   -0.123 -0.004 12.085   0.001    -0.170   -0.265    -0.074

Sex (male = 1)    0.548 0.459    0.306   -0.504   1.115   0.971   0.324    -0.361   -1.079     0.357
Sepsis (no)    4.528 0.033    0.940    0.074   1.805   0.740   0.390  0.332   -0.424     1.087
COPD (no)    0.035 0.852   -0.122    -1.404   1.160   1.978   0.160  0.881   -0.347    2.108

Dementia (no)    0.138      0.710   -0.206    -1.290   0.879   0.063   0.803      0.120   -0.822     1.063
Previous stroke (no)   0.362 0.548   -0.377    -1.606   0.852   0.067   0.796 -0.144   -1.231     0.943

Cause of ICU admission    6.186 0.403 NS NS NS   4.222   0.647 NS NS NS
  Total Age, yr    8.077 0.004     1.465 -3.56      6.490   0.243   0.622  0.007   -0.019    0.033

SAPS3, %    0.816 0.366    0.044    0.014   0.075   0.832   0.362  0.019   -0.021     0.059
Total length of stay, d    6.629      0.010   -0.021   -0.066  0.024   4.799   0.028 -0.039   -0.075   -0.004

KATZ at ICU admission, score 10.269 0.001   -0.056   -0.098 -0.013   0.024   0.876 -0.031   -0.424    0.362
MRC at ICU admission, score    0.257 0.612    0.826    0.321   1.331   1.077   0.299 -0.024   -0.069    0.021

KATZ at ward admission, score 10.099 0.001    0.014   -0.040   0.069   0.006   0.937 -0.014   -0.364    0.336
MRC at ward admission, score    2.743 0.098   -0.752   -1.215 -0.288   4.406   0.036  0.049    0.003    0.095

Sex (male = 1)    0.157 0.692   -0.047   -0.102   0.009   3.864   0.049 -0.751   -1.499   -0.002
Sepsis (no)    1.589 0.208    0.169   -0.668   1.007   0.439   0.508   0.247   -0.484    0.978
COPD (no)    0.002 0.968    0.594   -0.330   1.517   1.076      0.300   0.570   -0.507    1.648

Dementia (no)    0.028 0.866   -0.026   -1.318   1.265   0.629   0.428 -0.363   -1.261    0.534
Previous stroke (no)    0.046 0.831   -0.097   -1.226   1.032   3.273   0.070  0.911   -0.076    1.899

Cause of ICU admission 12.048 0.061 NS NS NS   2.985   0.811 NS NS NS

Table 2  Generalized linear model results for functional outcomes (n  = 198)

KATZ: KATZ Index of Independence in Activities of Daily Living; SAPS3: Simplified acute physiology score; MRC: Medical Research Council; COPD: 
Chronic obstructive pulmonary disease; NS: No significant; A: Significant differences for categories cardiovascular and respiratory; B: Significant differences 
for categories gastrointestinal and respiratory.
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(53%) and increased age in our sample[25,26]. 
Nonetheless, higher MRC scores at ICU admission 

were predictive for the improvement in muscle strength 
and functionality during the ICU stay. These results 
reinforce the concept that more attention by physical 
therapists should be given to patients with reduced 
muscle strength at ICU admission. In this way, the 
early application of rehabilitation may benefit selected 
patients. Specifically the application of electrical muscle 
stimulation[27] or in-bed cycling[28] in the patient group 
who are un-cooperative or with very poor muscle 
strength may be beneficial but requires more prospective 
evaluation.

Interestingly, the KATZ indexes at ICU admission 
were predictive only for the functional improvement. 
As a minimum degree of muscle strength is needed 
for performing the self-care activities, it is likely that 
individuals with higher KATZ scores had strength about 
4-5 in the muscles assessed by the MRC scale. Thus, 
due to the ceiling effect, further improvements in muscle 
strength were not detected in patients with higher KATZ 
scores.

Surprisingly, dementia, considered an exclusion 
criterion in some mobilization trials 1[11] was not a pre-
dictor of no-improvement in muscle strength. Conversely, 
previous stroke, which results in variable degrees of 
neuromuscular disability, was predictive of non-improve-
ments in KATZ and MRC scores during the ICU stay. 

Functional assessment
The functional progression of hospitalized patients is 
dependent on many factors. For example, nutritional 
status, use of certain drugs (corticosteroids, neuromu-
scular blockers, etc.), hyperglycaemia, and multiple 
organ failure[3,29,30], among others might have influenced 
the results of this research. Although it can be con-
sidered a limitation, we used a representative sample 
of critically ill patients, and our outcomes provided 
functional, demographic and clinical parameters to 
be used as general predictors of muscle strength and 
functional progress during the hospitalization period. 
We believe that the findings of this study add new 
relevant information for the early rehabilitation and 
mobilization protocols, as well as to serve as a starting 
point for further research on the individual factors to be 
considered for these types of intervention.

The functional assessment instrument used in 
this study was not originally developed for use in the 
intensive care unit. Similarly, other functional instru-
ments designed for outpatients, such as the Barthel 
Index and the functional independence measure (FIM) 
have been used in intensive care[6]. As many ICU pati-
ents may present with a very low functional capacity, it 
is likely that these general functional instruments have 
some limitation concerning their clinimetric properties. 
For example in ICU there may be potential for a floor or 
ceiling effect; limited ability to detect meaningful change 
(responsiveness) and/or minimal clinically important 
difference[7]. To date there are no instruments designed 

to follow the functional progress of patients’ from ICU 
admission to hospital discharge and beyond. Therefore, 
such general scales seem to be useful for the long term 
prospective functional monitoring, for both clinical and 
research purposes.

As intubated and mechanically ventilated patients 
were not included in this study, it was not possible to 
analyse the influence of this factor on muscle strength 
and functional progress during hospitalization. Although 
muscle weakness is associated with prolonged weaning 
from mechanical ventilation, there is large variability in 
the reported prevalence of ICU-AW among mechanically 
ventilated patients[31]. Therefore, future studies should 
address if mechanical ventilation is an independent 
predictor of peripheral muscle strength and functional 
progress in critically ill patients. Another limitation of 
the study is that data from deceased patients were not 
included and analysed. As we used secondary records 
and patients with incomplete data were excluded, this 
information was not available in our database. Our 
study did not focus on mortality outcomes and it hence 
it would not have been possible to analyze functional 
progress of these subjects throughout all time points.

In conclusion, better functional patient condition and 
low severity of illness score at ICU admission, absence 
of sepsis and stroke, longer total length of stay and 
age lower than 78.5 years are predictors of favourable 
patient functional progress during hospitalization 
following an intensive care admission.

COMMENTS
Background
The advances in critical care have led to increased patient survival, however, 
severe deficits in physical and psychological status are commonly observed 
during and after the hospitalization period. The possibility of predicting 
the patients’ functional progress may assist to contribute to individualized 
rehabilitative interventions in this cohort of patients’. The authors investigated 
the determining factors of functional progress in a cohort of patients that 
required intensive care unit (ICU) admission without mechanical ventilation that 
underwent a mobilization protocol, from the ICU to hospital discharge.

Research frontiers
It un-clear which factors influence the patients’ functional recovery during the in-
hospital period after a stay in ICU. This study identifies the clinical and functional 
characteristics that influence the functional progress of hospitalized patients.

Innovations and breakthroughs
These results demonstrated a high prevalence of Intensive Care Unit Acquired 
Weakness and functional impairments at hospital discharge, similar to previous 
research. The authors have defined key clinical and functional parameters 
that predict the functional progress of hospitalized patients who underwent a 
standardized mobilization protocol through the ICU and the ward setting.

Applications
The rehabilitation of hospitalized patients who require an ICU admission without 
mechanical ventilation should take into account the predictors of poor functional 
outcomes identified in this study. 

Peer-review
This is a well-written manuscript about functional rehabilitation and muscle 
strength following an ICU admission.

November 4, 2016|Volume 5|Issue 4|WJCCM|www.wjgnet.com

 COMMENTS

Ferreira NA et al . Predictors of functionality following ICU admission



227

REFERENCES
1 Bemis-Dougherty AR, Smith JM. What follows survival of critical 

illness? Physical therapists’ management of patients with post-
intensive care syndrome. Phys Ther 2013; 93: 179-185 [PMID: 
22836007 DOI: 10.2522/ptj.20110429]

2 Hough CL, Lieu BK, Caldwell ES. Manual muscle strength testing 
of critically ill patients: feasibility and interobserver agreement. Crit 
Care 2011; 15: R43 [PMID: 21276225 DOI: 10.1186/cc10005]

3 Koukourikos K, Tsaloglidou A, Kourkouta L. Muscle atrophy in 
intensive care unit patients. Acta Inform Med 2014; 22: 406-410 
[PMID: 25684851 DOI: 10.5455/aim.2014.22.406-410]

4 Ntoumenopoulos G. Rehabilitation during mechanical ventilation: 
Review of the recent literature. Intensive Crit Care Nurs 2015; 31: 
125-132 [PMID: 26026495 DOI: 10.1016/j.iccn.2015.02.001]

5 World Health Organization. International Classification of 
Functioning, Disability and Health (ICF). [accessed 2015 Jul 25]. 
Available from: URL: http://www.who.int/classifications/icf/en/

6 Tipping CJ, Young PJ, Romero L, Saxena MK, Dulhunty J, 
Hodgson CL. A systematic review of measurements of physical 
function in critically ill adults. Crit Care Resusc 2012; 14: 302-311 
[PMID: 23230880]

7 Parry SM, Denehy L, Beach LJ, Berney S, Williamson HC, 
Granger CL. Functional outcomes in ICU - what should we be 
using? - an observational study. Crit Care 2015; 19: 127 [PMID: 
25888469 DOI: 10.1186/s13054-015-0829-5]

8 KATZ S, Downs TD, Cash HR, Grotz RC. Progress in development 
of the index of ADL. Gerontologist 1970; 10: 20-30 [PMID: 
5420677 DOI: 10.1093/geront/10.1_Part_1.20]

9 White DK, Wilson JC, Keysor JJ. Measures of adult general 
functional status: SF-36 Physical Functioning Subscale (PF-10), 
Health Assessment Questionnaire (HAQ), Modified Health 
Assessment Questionnaire (MHAQ), KATZ Index of Independence 
in activities of daily living, Functional Independence Measure 
(FIM), and Osteoarthritis-Function-Computer Adaptive Test (OA-
Function-CAT). Arthritis Care Res (Hoboken) 2011; 63 Suppl 11: 
S297-S307 [PMID: 22588752 DOI: 10.1002/acr.20638]

10 Brorsson B, Asberg KH. KATZ index of independence in ADL. 
Reliability and validity in short-term care. Scand J Rehabil Med 
1984; 16: 125-132 [PMID: 64948336]

11 Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik 
AJ, Esbrook CL, Spears L, Miller M, Franczyk M, Deprizio D, 
Schmidt GA, Bowman A, Barr R, McCallister KE, Hall JB, Kress JP. 
Early physical and occupational therapy in mechanically ventilated, 
critically ill patients: a randomised controlled trial. Lancet 2009; 373: 
1874-1882 [PMID: 19446324 DOI: 10.1016/S0140-6736(09)60658-9]

12 Winkelman C, Johnson KD, Hejal R, Gordon NH, Rowbottom J, 
Daly J, Peereboom K, Levine AD. Examining the positive effects of 
exercise in intubated adults in ICU: a prospective repeated measures 
clinical study. Intensive Crit Care Nurs 2012; 28: 307-318 [PMID: 
22458998 DOI: 10.1016/j.iccn.2012.02.007]

13 Wallace M, Shelkey M. Monitoring functional status in hospitalized 
older adults. Am J Nurs 2008; 108: 64-71; quiz 71-72 [PMID: 
18367933 DOI: 10.1097/01.NAJ.0000314811.46029.3d]

14 Zaharias E, Cataldo J, Mackin L, Howie-Esquivel J. Simple measures 
of function and symptoms in hospitalized heart failure patients predict 
short-term cardiac event-free survival. Nurs Res Pract 2014; 2014: 
815984 [PMID: 24672717 DOI: 10.1155/2014/815984]

15 Etxeberria-Lekuona D, Casas Fernández de Tejerina JM, Méndez 
López I, Oteiza Olaso J, Arteaga Mazuelas M, Jarne Betran V. 
Multiple hospitalizations at the Department of Internal Medicine of 
a tertiary hospital. Rev Clin Esp 2015; 215: 9-17 [PMID: 25278435 
DOI: 10.1016/j.rce.2014.08.007]

16 Kleyweg RP, van der Meché FG, Schmitz PI. Interobserver agreement 
in the assessment of muscle strength and functional abilities in 

Guillain-Barré syndrome. Muscle Nerve 1991; 14: 1103-1109 [PMID: 
1745285 DOI: 10.1002/mus.880141111]

17 Vanpee G, Hermans G, Segers J, Gosselink R. Assessment of limb 
muscle strength in critically ill patients: a systematic review. Crit 
Care Med 2014; 42: 701-711 [PMID: 24201180 DOI: 10.1097/
CCM.0000000000000030]

18 Connolly BA, Jones GD, Curtis AA, Murphy PB, Douiri A, 
Hopkinson NS, Polkey MI, Moxham J, Hart N. Clinical predictive 
value of manual muscle strength testing during critical illness: 
an observational cohort study. Crit Care 2013; 17: R229 [PMID: 
24112540 DOI: 10.1186/cc13052]

19 Hanekom S, Gosselink R, Dean E, van Aswegen H, Roos R, 
Ambrosino N, Louw Q. The development of a clinical management 
algorithm for early physical activity and mobilization of critically ill 
patients: synthesis of evidence and expert opinion and its translation 
into practice. Clin Rehabil 2011; 25: 771-787 [PMID: 21504951 
DOI: 10.1177/0269215510397677]

20 Lino VT, Pereira SR, Camacho LA, Ribeiro Filho ST, Buksman S. 
Cross-cultural adaptation of the Independence in Activities of Daily 
Living Index (KATZ Index). Cad Saude Publica 2008; 24: 103-112 
[PMID: 18209838 DOI: 10.1590/S0102-311X2008000100010]

21 Yarnold PR. UniODA vs. ROC Analysis: Computing the “Optimal” 
Cut-Point. Opitmal Data Analysis 2014; 3: 117-120. Available from: 
URL: http://optimalprediction.com/files/pdf/V3A29.pdf

22 van der Schaaf M, Beelen A, Dongelmans DA, Vroom MB, Nollet 
F. Functional status after intensive care: a challenge for rehabilitation 
professionals to improve outcome. J Rehabil Med 2009; 41: 
360-366 [PMID: 19363570 DOI: 10.2340/16501977-0333]

23 Connolly B, Salisbury L, O’Neill B, Geneen L, Douiri A, Grocott 
MP, Hart N, Walsh TS, Blackwood B. Exercise rehabilitation 
following intensive care unit discharge for recovery from critical 
illness. Cochrane Database Syst Rev 2015; (6): CD008632 [PMID: 
26098746 DOI: 10.1002/14651858.CD008632.pub2]

24 Denehy L, Elliott D. Strategies for post ICU rehabilitation. Curr 
Opin Crit Care 2012; 18: 503-508 [PMID: 22914429 DOI: 
10.1097/MCC.0b013e328357f064]

25 Lipshutz AK, Gropper MA. Acquired neuromuscular weakness and 
early mobilization in the intensive care unit. Anesthesiology 2013; 118: 
202-215 [PMID: 22929731 DOI: 10.1097/ALN.0b013e31826be693]

26 Batt J, dos Santos CC, Cameron JI, Herridge MS. Intensive 
care unit-acquired weakness: clinical phenotypes and molecular 
mechanisms. Am J Respir Crit Care Med 2013; 187: 238-246 
[PMID: 23204256 DOI: 10.1164/rccm.201205-0954SO]

27 RETRACTED ARTICLE: Neuromuscular electrical stimulation in 
critically ill patients in the intensive care unit: a systematic review. 
Einstein (Sao Paulo) 2014; 12: 361-365 [PMID: 25865154 DOI: 
10.1590/S1679-45082014RW2955]

28 Parry SM, Berney S, Warrillow S, El-Ansary D, Bryant AL, Hart 
N, Puthucheary Z, Koopman R, Denehy L. Functional electrical 
stimulation with cycling in the critically ill: a pilot case-matched 
control study. J Crit Care 2014; 29: 695.e1-695.e7 [PMID: 
24768534 DOI: 10.1016/j.jcrc.2014.03.017]

29 de Jonghe B, Lacherade JC, Sharshar T, Outin H. Intensive care 
unit-acquired weakness: risk factors and prevention. Crit Care 
Med 2009; 37: S309-S315 [PMID: 20046115 DOI: 10.1097/
CCM.0b013e3181b6e64c]

30 Puthucheary ZA, Rawal J, McPhail M, Connolly B, Ratnayake 
G, Chan P, Hopkinson NS, Phadke R, Dew T, Sidhu PS, Velloso 
C, Seymour J, Agley CC, Selby A, Limb M, Edwards LM, Smith 
K, Rowlerson A, Rennie MJ, Moxham J, Harridge SD, Hart N, 
Montgomery HE. Acute skeletal muscle wasting in critical illness. 
JAMA 2013; 310: 1591-1600 [PMID: 24108501]

31 Hashem MD, Nelliot A, Needham DM. Early Mobilization and 
Rehabilitation in the ICU: Moving Back to the Future. Respir Care 
2016; 61: 971-979 [PMID: 27094396]

P- Reviewer: Farand P, Hokama A, Juneja D    S- Editor: Kong JX    
L- Editor: A    E- Editor: Wu HL

November 4, 2016|Volume 5|Issue 4|WJCCM|www.wjgnet.com

Ferreira NA et al . Predictors of functionality following ICU admission



Aniruddh Mene, Gautam Biswas, Atul Parashar, Anish Bhattacharya

Aniruddh Mene, Gautam Biswas, Atul Parashar, Department 
of Plastic Surgery, Post Graduate Institute of Medical Education 
and Research, Chandigarh 160012, India

Anish Bhattacharya, Department of Nuclear Medicine, Post 
Graduate Institute of Medical Education and Research, Chandigarh 
160012, India

Author contributions: Mene A contributed to the collection 
of data, organization of manuscript; Biswas G contributed to 
the conception and design of study, data analysis; Parashar A 
contributed to the conception and design of study, data analysis, 
manuscript preparation and review; Bhattacharya A contributed to 
data analysis and manuscript review.

Institutional review board statement: The format of study 
was reviewed and approved by the Ethics Committee/Institutional 
Review Board duly constituted for clinical study at Post Gradu
ate Institute of Medical Education and Research, Sector 12, 
Chandigarh, India.

Informed consent statement: All study participants, or their 
legal guardian were explained in their own language about the 
inclusion in the study. Informed written consent was duly taken 
prior to enrollment in the study.

Conflict-of-interest statement: None of the authors have any 
conflicts of interests to report.

Data sharing statement: No additional data are available.

Open-Access: This article is an openaccess article which was 
selected by an inhouse editor and fully peerreviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BYNC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work noncommercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is noncommercial. See: http://creativecommons.org/
licenses/bync/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dr. Atul Parashar, Associate Professor, 
Department of Plastic Surgery, Post Graduate Institute of Medical 

Education and Research, Sector 12, Chandigarh 160012, 
India. atulparashar@hotmail.com
Telephone: +911722756792

Received: April 20, 2016
Peer-review started: April 22, 2016
First decision: June 6, 2016
Revised: July 19, 2016
Accepted: August 6, 2016
Article in press: August 8, 2016
Published online: November 4, 2016

Abstract
AIM
To look into the management options of early debride-
ment of the wound, followed by vascularized cover 
to bring in fresh blood supply to remaining tissue in 
electrical burns. 

METHODS
A total of 16 consecutive patients sustaining full 
thickness forearm burns over a period of one year 
were included in the study group. Debridement was 
undertaken within 48 h in 13 patients. Three patients 
were taken for debridement after 48 h. Debridement 
was repeated within 2-4 d after daily wound assessment 
and need for further debridement. 

RESULTS
On an average two debridements (range 1-4) was 
required in our patients for the wound to be ready for 
definitive cover. Interval between each debridement 
ranged from 2-18 d. Fourteen patients were provided 
vascularized cover after final debridement (6 free flaps, 
8 pedicled flaps). Functional assessment of gross hand 
function done at 6 wk, 2 mo, 3 mo and 6 mo follow-up. 

CONCLUSION
High-tension electrical burns lead to significant morbi-
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dity. These injuries are best managed by early decom-
pression followed by multiple serial debridements. The 
ideal timing of free flap coverage needs further investi-
gation.

Key words: Early debridement; Vascularized cover; 
Electrical burns; Forearm

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: High-voltage electrical injuries lead to be a 
significant morbidity associated with severe socioe-
conomic implications. There is conflicting evidence in 
the literature regarding progressive tissue necrosis in 
this devastating injury. We looked into the management 
options of early debridement of the wound, followed 
by vascularized cover to bring in fresh blood supply 
to remaining tissue, which can potentially prevent 
further progression of this pathology. We found that 
the phenomenon of ongoing necrosis was not halted 
in our study and all our early flaps failed to ingress the 
blood flow to the so-called ischemic zone post trauma. 
Electrical injuries were progressive in nature and 
required multiple radical debridement until the wound is 
ready for definitive cover.

Mene A, Biswas G, Parashar A, Bhattacharya A. Early 
debridement and delayed primary vascularized cover in forearm 
electrical burns: A prospective study. World J Crit Care Med 
2016; 5(4): 228234  Available from: URL: http://www.
wjgnet.com/22203141/full/v5/i4/228.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i4.228

INTRODUCTION 
Contact electrical injuries are a cause of significant 
damage to tissues, which often result in amputations to 
the extremities. Unlike the damage caused by thermal 
burns, high-voltage electrical burns tend to cause a 
severe and complex injury pattern. There can also be 
associated neurologic, cardiac, renal, gastrointestinal, 
ophthalmologic, and psychiatric disturbances[1]. Thus, 
electrical burns are associated with a significant morbi
dity, including high amputation rate which in turn is 
a cause of higher socioeconomic implications[2]. In a 
study by Noble et al[1], 45% of patients with electrical 
burns needed to change their profession and 32% were 
not able to return to work. Majority of the high voltage 
electrical injuries occur at the workplace in the adult age 
group. In children, injury is usually accidental occurring 
while playing near high voltage power supply lines[3]. 

The vascular endothelium provides a high resistant 
to the flow of electrical current; therefore, the damage 
was more significant along inner vascular wall. Initially, 
large blood vessels may appear patent, but if the 
endothelium was damaged mural thrombi would form, 
resulting in thrombosis and distal limb ischemia[4]. 

Thus, considering the conflicting evidence in the litera
ture regarding progressive tissue necrosis, and high 
amputation rates of this devastating injury, we looked 
into the management options of early debridement 
of the wound, followed by vascularized cover to bring 
in fresh blood supply to remaining tissue, which was 
hypothesized to prevent further progression of this 
pathology. 

MATERIALS AND METHODS
This was a prospective study which was conducted over 
a period of 12 mo in the Department of Plastic Surgery 
at a tertiary level teaching hospital, to include all 
patients of electrical forearm burns. Those patients with 
associated life threatening injuries, or obviously charred 
limb at the time of presentation were excluded. Over 
a period of 1 year, 81 patients presented with history 
of sustaining electrical burns. Among these forty-two 
patients (51.85%) sustained injury to forearm, with or 
without involvement of other parts of body. However 
in 18 patients (42.8%) the limb was charred following 
contact and were excluded. Three (6.9%) patients with 
severe head injury and 5 (11.9%) patients with spinal 
cord injury resulting in paraplegia were excluded from 
the study. Thus, out of total 81 patients, 16 patients 
fulfilled the inclusion criteria and were included in the 
study. Patients presenting within 48-96 h were assessed 
for depth of tissue involved, both clinically and with 
PET findings. Those presenting later than 96 h were 
assessed for tissue involvement during debridement.

All patients sustaining these injuries were males 
and the mean age was 26 years. All injuries were due 
to high voltage electric contact over hand and forearm. 
Those presenting within 48 h (n = 6) were infused 
with Lactated Ringer’s infusion with monitoring of urine 
output, ECG monitoring, and circulatory assessment 
at 1 hourly intervals as per standard burn resuscitation 
protocols. Baseline investigations were done on admis-
sion and were monitored daily for 7 d. Assessment of 
urine for myoglobin and renal parameters were done on 
admission and repeated everyday if deranged. ECG was 
performed at admission to rule out cardiac irregularities 
and to assess for hyperkalemia. Those with deranged 
renal function (n = 2, 12.5%) were assessed and 
managed in collaboration with nephrologist. 

The area of burn was examined and dimensions 
measured from bony landmarks. The graphical tracing 
of the injured area was used to measure the length 
and breadth of the wound while depth of involvement 
was assessed mainly by identifying structures involved 
during debridement. Distal limb viability was assessed 
by examining presence or absence of distal pulsations, 
capillary refill time and pulse oximetry readings 
compared with opposite healthy limb if uninjured. In the 
presence of compromise in the circulation, subjective 
neurosensory disturbance, pain with passive stretch of 
intrinsic musculature, decrease in oximetry readings 
to affected digits or extremity, liberal fasciotomy 
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was done with standard defined incisions to release 
the compartment pressure. Circulatory status was 
examined and noted at 4 hourly intervals for 24 h and 8 
hourly thereafter for 4 d.

Of 16 patients in the study group only 4 patients 
presented within 96 h and were assessed with PET 
FDG scan for the depth of tissue involvement. The 
scan was performed using a Discovery STE-16 PET-
CT scanner (GE Healthcare, Milwaukee, United States) 
after intravenous injection of 370-444 MBq (10-12 
mCi) of F-18 FDG. Debridement was undertaken within 
48 h in 13 patients. The presence of obvious necrosis 
was indication for necrectomy. Three patients were 
taken for debridement after 48 h. One out of 3 had 
only fasciotomy wound with viable muscles clinically. 
On primary wound assessment in 2 patients, muscles 
were not obviously necrotic and were reassessed before 
debridement. Procedure was conducted under regional 
or general anesthesia, using tourniquet in all cases. 
Extent of involvement of muscles, tendons, nerves and 
vessels were noted. Bleeding, colour and contractility 
of muscles, along with status of tendons nerves and 
vessels were noted after tourniquet release.

Debridement was repeated within 2-4 d after daily 
wound assessment and need for further debridement. 
On an average two debridements (range 1-4) was 
required in our patients for the wound to be ready for 
definitive cover. Interval between each debridements 
ranged from 2-18 d.

Flap cover was planned depending upon status of 
the wound. Distant pedicled flaps and free flaps were 
used to resurface these defects. Locoregional flaps 
were not available for use due to the nature of the 
injuries. A total of 8 distant pedicled and 6 free flaps 
were undertaken. The functional and aesthetic outcome 
was assessed at 6 wk, 2 mo, 3 mo and 6 mo follow-up. 
Clinical assessment was done for median, ulnar, and 
radial nerves, and touch sensations at respective nerve 
territory were noted. ROM both active and passive of all 
joints of hand was documented. Patients were provided 
with activities of daily living (ADL) charts at 3 mo follow-
up and asked to score depending on the scale of easy 
to difficulty in performing outlined tasks. These were 
scored as 1no difficulty in performing the activity, 2mild 
difficulty, 3-moderate difficulty, 4-severe difficulty, 

5-cannot do at all. These activities were reassessed at 6 
mo follow-up and any improvement or change of score 
was noted.

The statistical methods used in this study were 
approved in ethics committee/institute review board 
which has biostatistician as a co-opted member.

RESULTS
A total of 16 patients satisfied the inclusion criteria and 
constituted the study group. Patient’s age ranged from 
10-45 years, average age being 26 years. All of these 
16 patients were males. Incidence of electrical injuries 
during work was 81.25%. Ten patients were farmers 
working at the field near transformers, three were 
electricians injured while repairing high voltage lines. 
The three pediatric age group patients had contact with 
high-tension cables running nearby, while playing or 
flying kite. 

All patients were right handed and all injuries 
were due to high voltage. The dominant hand was 
affected in 12 of the 16 patients. Bilateral limbs were 
involved in seven patients Seven (7/16 - 44%) patients 
required fasciotomy. Fasciotomy was done under 
local anesthesia in emergency room with standard 
defined incisions to release the compartment pressure. 
Of 16 patients, derangement of renal function was 
observed in two patients (12.5%). One patient required 
multiple sittings of haemodialysis and other patient 
was managed conservatively with forced diuresis and 
urine alkalinization. On assessment of wound prior to 
debridement the average surface area involved was 
found to be 40.37 cm2 (range 5-82.5 cm2). The volar 
forearm was involved in 14 patients; while 2 patients 
had involvement of hand, and thumb (Figure 1). The 
hand as a whole was viable in all patients, except two 
patients who had nonviable little finger which required 
debridement. Patients had involvement of either 
median, ulnar nerve. Radial nerve was not involved as 
injury was predominantly on volar aspect of forearm. 
Three patients showed involvement of combined median 
and ulnar nerve. Involvement of only median nerve was 
seen in two patients, while only ulnar nerve was involved 
in six patients. 

PET scan was done in four patients for assessment 
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Figure 1  Electrical burns involving volar forearm.
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to impaired venous return of distal part, and associated 
co morbidities. Of the 6 free flaps, anterolateral thigh 
flap (n-2), latissimus dorsi flap (n-1), thoracodorsal 
artery perforator flap (n2), and lateral arm flap (n1) 
were done. In four patients, ulnar artery was used as 
a recipient vessel, while in two patients radial artery 
was used as a recipient vessel. Three out of six free 
flaps necrosed. All patients in whom flaps failed had 
undergone single debridement before flap transfer. The 
status of wound prior to flap transfer in these three 
patients showed apparently healthy looking and viable 
muscles. The vessels including radial and ulnar artery 
were patent proximally. All three flaps were transferred 
between 28 d post injury. Earliest free flap was done 
2 d after debridement in which flap necrosed. Three 
flaps, which survived, were transferred after two weeks 
of injury. In case of distant pedicled flaps, 2 groin flaps, 
1 bipedicled abdominal flap, 5 thoraco-umbilical flaps 
were used.

Functional assessment of gross hand function done 
at 6 wk, 2 mo, 3 mo and 6 mo follow-up. Patients were 
provided with ADL charts and asked to score depending 
on the scale of easy to difficulty in performing outlined 
tasks. The ADL score in all 16 patients were between 
3-5. There was no progression and/or improvements in 
scores at three and six months follow-up. 

DISCUSSION 
The aims of treatment in electrical burns are to achieve 
good final function with good cosmetic appearance 
along with early return to a normal productive life. The 
aim of present study was to assess whether the extent 
of forearm injury and tissue damage was progressive 
and to determine whether early debridement and 

of involvement of deeper tissues focusing on accuracy 
and predictability of PET in assessing this. FDG uptake 
was adequately seen in upper third proximal muscle 
bellies of volar forearm. Pronater quadratus was 
involved in three cases, i.e., showed no glucose uptake. 
Flexor digitorum profundus was involved in all four 
patients. Flexor digitorum superficialis was injured 
in three-patients. The debridement findings in these 
patients correlated well with PET findings. 

Debridement was undertaken under regional or 
general anesthesia, tourniquet was used in all cases. 
Debridement was considered to be complete when 
clinically there was no evidence of obvious necrotic 
tissues or slough in the wound (Figure 2). Patients 
underwent regular dressings and removal of obvious 
necrotic tissues during dressings. Debridement was 
repeated under anesthesia and tourniquet control in 
10 patients and in six patients single debridement was 
done. Seven patients with bilateral limb involvement 
required more than one debridement, range 2-4 (mean 
3 debridements). Three patients with unilateral limb 
involvement required more than one debridement 
(mean 2). The mean surface area of the wound after 
final debridement was measured 47 cm2 (range 5-96 
cm2) from initial measurement of 40.37 cm2 showing 
15.9% increase. Fourteen patients were provided 
vascularized cover after final debridement (6 free flaps, 
8 pedicled flaps) (Figure 3); two patients had viable 
muscles exposed post fasciotomy, which were covered 
with skin graft. 

Free flaps were selected on the basis of size and 
shape of wound, tissue requirement, availability of 
the recipient vessels and general condition of patient. 
Distant pedicled flap was selected in cases with recipient 
vessels involvement, associated proximal injury leading 
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Figure 2  Forearm electrical burns after multiple debridements.

Figure 3  Final outcome after flap cover.
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vascularized cover prevented progressive tissue necrosis 
and halted further progression.

Electrical injury usually affects young age group 
individuals; the incidence is high amongst males as 
compared to females because of work related nature 
of injury. The age group involved in various studies 
ranged from 10-50 years[5-7]. In our study, we observed 
81.25% of the injuries to occur during work. Majority 
of our patients were farmers injured while working in 
the fields near transformers. We also observed a clear 
relationship between hand dominance and limb involved 
as 75% of our patients had dominant limb affected by 
injury supporting the observation that most of injuries 
occurred at workplace.

There is a significant variation in the rate of escharo
tomy/fasciotomy in electrical burns, which ranges from 
9.2% to 54%[1,4,5]. Although, some studies advocate 
an immediate decompression[8], this concept has 
been questioned by others[9]. Mann et al[9] advocated 
selective decompression only in the presence of signs 
of compartment syndrome. They have based their 
algorithm on a continuous clinical evaluation and they 
opine that selective, non-immediate decompression 
may preserve tissue thus contributing to lower ampu-
tation rates. They did fasciotomy in 22% of their pati-
ents within 24 h. We opted for decompressive fascio
tomy within 48 h of injury in 56% of patients.

d’Amato et al[3] and Ferreiro et al[5] in their indivi-
dual studies supported the fact of early and radical 
debridement of all the necrotic tissues in electrical burns. 
d’Amato et al[3] also suggested the value of extended 
fasciotomy to access the viability of muscles. They said 
debride when necessary, and relieve the pathologic 
elevation of compartment pressures in an attempt 
to prevent ongoing neuromuscular damage. These 
observations support the need of early exploration 
with wide exposure of deep muscle compartments to 
assess the extent of injury in high-voltage burns. In 
present study, we did fasciotomy in nine patients with 
signs of increased compartment pressure and found 
that neuromuscular damage could be prevented with 
extended fasciotomies.

Scheker et al[8] were also of opinion that a wound 
should be radically debrided and cover should be 
provided immediately, they have proven this method of 
treatment to be superior to conservative debridement 
and delayed vascularized cover. They concluded that 
immediate reconstruction of severe upper extremity 
injuries is associated with increased function, lesser 
complications and a shorter hospital stay. According to 
authors, immediate reconstruction also permits earlier 
mobilization thereby preventing the tendon adhesions. 
We opted for radical debridement in our patients; 
however, the ongoing progression of tissue necrosis 
prevented us from immediate reconstruction.

García-Sánchez et al[2] observed myoglobinuria in 
70% of their patients, while Mann et al[9] had reported 
53.2% patients had myoglobinuria. In neither of these 
studies, authors observed their patients requiring 

haemodialysis for renal failure. Ferreiro et al[5] required 
hemodialysis in 3% of their patients. We observed two 
patients with myoglobinuria, one of which required 
haemodialysis. Both patients showed improvement 
in their renal functions after debridement. Thus, we 
observed that low urine output, and persistent acidosis 
is indication for exploration and debridement rather 
than conservative management of myoglobinuria. 

Ferreiro et al[5] reported that the most frequently 
affected nerves were the ulnar and the median nerves. 
In their series, the incidence of peripheral neurological 
injury was 30%. The permanent peripheral neurological 
injury was located at the point of entry of the current 
in 88% of the cases and there was no recovery of 
sensations or movement during a period of six months 
after the trauma. Mazzetto-Betti et al[7] had ulnar 
clawing in 22% and median claw in 5% of cases. 
Analyzing hand sensation in their study, the radial nerve 
was the least affected among the patients. Sensation 
improvement was worst for the median nerve. In 
present study, we observed 38% patients with injury to 
ulnar nerve, while median nerve was affected in 12.5% 
of patients. Combined median and ulnar nerve was 
seen in 19% patients while none of our patients had 
involvement of radial nerve because of predominant 
involvement of volar forearm in our patients. 

Burn wound depth is a significant determinant 
of patient treatment and morbidity. Devgan et al[10] 
reviewed modalities for the assessment of burn wound 
depth and concluded that Indo cyanine green video 
angiography or Laser Doppler Imaging is appropriate 
to best assess the depth of acute burn wounds. 
Nettelblad et al[11] used MRI as diagnostic modality in 
two patients with electrical burns. They suggested that 
the alteration of tissue signal exhibited by necrosed 
muscle is not specific to the injury mechanism. Smith 
et al[12] investigated the use of 18FDG PET scanning for 
assessment of skeletal muscle viability. They concluded 
that FDG-PET scanning could determine skeletal muscle 
viability in patients with peripheral vascular disease and 
in patients following free-flap transfer. In our study, 
we used FDG PET for assessment of muscle viability 
in four patients who presented within 96 h of injury. 
The numbers were less because of varied timing of 
presentation of patients. The findings at debridement 
correlated well with PET findings and the investigation 
aided the surgeon during debridement. The tool can 
be used in conjunction with clinical evaluation for deep 
muscle necrosis in electrical burns but further studies 
are needed in this context to reach any definitive 
conclusion.

The distant microvascular tissue transfer primarily 
aims at improving limb salvage rates in electrical burns. 
The transfer of well vascularized distant tissue in an 
ischemic bed can potentially lead to preservation of 
tissues. However, the best timing for free microvascular 
tissue transfer in electrical burn injuries remains deba-
table. Sauerbier et al[13] reported a higher free flap 
failure rate of 24% in electrical burns during primary 
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reconstruction (within 5-21 d after trauma). In their 
later publication, they described a “vulnerable phase” 
of 3 wk after trauma in which vascular instability may 
compromise free flap success[14]. In contrast to this 
finding, Koul et al[15] found no variation in flap survival 
when performing microvascular tissue transfer in 
this vulnerable phase. Similar findings were reported 
earlier by Ninkovic et al[16]. Our own results favor the 
hypothesis of a vulnerable phase. In our series, flap 
failure due to microvascular thrombosis was seen 
exclusively in flaps transferred during the first 2 weeks. 
In our study, we found that the injury was progressive 
in nature and eventually required multiple radical 
debridements until the wound was ready for definitive 
cover. The phenomenon of ongoing necrosis was not 
found to be halted in our study and all our early flaps 
failed to ingress the blood flow to the socalled ischemic 
zone post trauma. Shen et al[17] also observed the 
phenomenon of distal flap necrosis and wound bed 
necrosis in early coverage of forearm electrical burns. 
Dega et al[18] were also able to achieve stable wound 
bed in patients of electrical burns after 12 d.

In present study, we observed average 61 d of 
hospital stay, which was directly related to number of 
procedures patient required for definitive wound cover. 
Handschin et al[19] reported average 44 d of hospital 
stay and Noble et al[1] in their study reported hospital 
stay 24.5 ± 21 d in electrical injuries. 

The return to work data in the existing literature is 
rare and is difficult to interpret. A retrospective review 
by Mazzetto-Betti et al[7] reports that 72% patients 
retired or changed their job. Kidd et al[6] however 
reported that average time to return to work was 101 d 
post injury. Six patients in our study, returned to work 
after average 98 d post injury. Amongst these, three 
were students, two were farmers, and they adapted to 
use their contra-lateral uninjured limb. One patient was 
electrician who changed his job and presently doing 
farming with uninjured limb. None of our patients with 
bilateral involvement returned to work. 

Following analysis of 16 patients of forearm electrical 
burns, it was concluded from the study that: (1) most 
common victims of electrical injury were young adult 
males. It affected the dominant limb more commonly 
and injury predominantly occurred at the workplace; 
(2) fasciotomy performed within 48 h of injury with 
slightest evidence of compartment syndrome was found 
to be limb saving; (3) there was a direct correlation 
between the point of entry of the current and the 
resulting neurological injury; (4) the clinical and PET 
assessment of deeper soft tissue involvement showed 
that injury affected periosseus tissues more than 
superficial muscles and skin; (5) electrical injuries were 
progressive in nature and required multiple radical 
debridement until the wound is ready for definitive 
cover; (6) the phenomenon of ongoing necrosis was 
not halted in our study and all our early flaps failed to 
ingress the blood flow to the so-called ischemic zone 
post trauma; and (7) distant pedicled flaps offered a 

viable and safe option for early coverage of hand and 
forearm defect in the presence of recipient vessel injury.
To conclude, high-tension electrical burns represent a 
severe injury with significant morbidity and the time 
tested concepts of early fasciotomy followed by repeated 
debridements remain the procedure of choice. The ideal 
timing of free flap coverage for these wounds needs 
further investigation.

COMMENTS
Background
High-voltage electrical burns are found to be associated with a significant 
morbidity leading to severe socioeconomic implications. Considering the 
conflicting evidence in the literature regarding progressive tissue necrosis in 
this devastating injury, the authors looked into the management options of early 
debridement of the wound, followed by vascularized cover to bring in fresh blood 
supply to remaining tissue, which can potentially prevent further progression of 
this pathology. 

Research frontiers
The timing of flap coverage in electrical burns is debatable because of presence 
of progressive tissue necrosis following electrical insult. Flaps done at first 
debridement can fail because of progression of tissue necrosis. 

Innovations and breakthroughs
The authors found that the phenomenon of ongoing necrosis was not halted and 
all their early flaps failed to ingress the blood flow to the so-called ischemic zone 
post trauma. Serial debridements were required to achieve viable tissue bed. In 
addition distant pedicled flaps also allowed for safe and early coverage of hand 
and forearm defect and this method of reconstruction represented alternative to 
free tissue transfer in the presence of recipient vessel injury.

Applications 
The study results suggest that electrical burns do lead to progressive tissue 
necrosis and any flap coverage should be contemplated after this process has 
stabilized. 

Terminology
Progressive tissue necrosis is seen in electrical burns because of progressive 
microvascular thrombosis. This requires multiple stages of debridements.

Peer-review
The study on electrical burns is relatively well-presented. It is an interesting 
article in this field.
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Abstract
AIM
To outline the physiochemical properties and specific 
clinical uses of Plasma-Lyte 148 as choice of solution 
for fluid intervention in critical illness, surgery and 
perioperative medicine.

METHODS
We performed an electronic literature search from 
Medline and PubMed (via Ovid), anesthesia and pharma-
cology textbooks, and online sources including studies 
that compared Plasma-Lyte 148 to other crystalloid 
solutions. The following keywords were used: “surgery”, 
“anaesthesia”, “anesthesia”, “anesthesiology”, “anaesthe-
siology”, “fluids”, “fluid therapy”, “crystalloid”, “saline”, 
“plasma-Lyte”, “plasmalyte”, “hartmann’s”, “ringers” 
“acetate”, “gluconate”, “malate”, “lactate”. All relevant 
articles were accessed in full. We summarized the data 
and reported the data in tables and text. 

RESULTS
We retrieved 104 articles relevant to the choice of 
Plasma-Lyte 148 for fluid intervention in critical illness, 
surgery and perioperative medicine. We analyzed the 
data and reported the results in tables and text.

CONCLUSION
Plasma-Lyte 148 is an isotonic, buffered intravenous 
crystalloid solution with a physiochemical composition 
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that closely reflects human plasma. Emerging data 
supports the use of buffered crystalloid solutions in 
preference to saline in improving physicochemical 
outcomes. Further large randomized controlled trials 
assessing the comparative effectiveness of Plasma-
Lyte 148 and other crystalloid solutions in measuring 
clinically important outcomes such as morbidity and 
mortality are needed. 

Key words: Surgery; Anesthesia; Fluid therapy; Cry-
stalloids; Saline; Plasma-Lyte; Hartmann’s; Ringers; 
Acetate; Gluconate; Lactate

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Plasma-Lyte 148 is an isotonic, buffered 
intravenous crystalloid solution with a physiochemical 
composition that closely reflects human plasma. It 
is physiologically different to the commonly available 
crystalloids solutions such as Hartmann’s solution and 
sodium chloride (0.9%). Before using any crystalloid 
solution as fluid therapy, clinicians should have a 
fundamental understanding of each fluids specific 
physiological properties. 

Weinberg L, Collins N, Van Mourik K, Tan C, Bellomo R. 
PlasmaLyte 148: A clinical review. World J Crit Care Med 
2016; 5(4): 235250  Available from: URL: http://www.
wjgnet.com/22203141/full/v5/i4/235.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v5.i4.235

INTRODUCTION
The use of intravenous (IV) fluids for maintenance 
therapy and resuscitation in anesthesia and critical 
care medicine is universal. There is marked variation 
in perioperative fluid selection that is generally decided 
by institution and clinician preference. Such practice 
variation is related to the paucity of prospective evidence 
evaluating the comparative safety and efficacy of 
available crystalloid solutions for both fluid resuscitation 
and maintenance therapy in the perioperative setting. 
Compared to colloids, crystalloids are often the preferred 
solution for replacement or maintenance fluid therapy 
as they are relatively cheap, commonly available, easily 
transportable and storable with a good shelf life, and 
have no allergy risk. In addition, crystalloids are easy to 
manufacture, require no special compatibility testing, 
are widely available and accessible even in developing 
countries, and can be freely given to patients with 
religious objections to blood or blood related products. 
Currently, sodium chloride 0.9%, commonly referred 
to as normal saline 0.9% (NS), Ringer’s Lactate and 
Hartmann’s solution are commonly available crystalloid 
solutions worldwide. However, their electrolyte com
position is significantly different from that of plasma[1]. In 

contrast, Plasma-Lyte 148 (PL 148) has physiochemical 
properties similar to plasma, however PL 148 has yet to 
be the subject of a detailed clinical review. Therefore, we 
present a comprehensive review of PL 148, comparing 
its physiochemical properties to other commonly 
available crystalloids solutions and evaluating its utility 
as a buffered fluid solution. We also discuss the role of 
PL 148 solution in critical care medicine and anesthesia.

MATERIALS AND METHODS
We performed an electronic literature search from 
Medline and PubMed (via Ovid), anesthesia and phar
macology textbooks, and online sources. The following 
keywords were used: “surgery”, “anaesthesia”, 
“anesthesia”, “anesthesiology”, “anaesthesiology”, 
“fluids”, “fluid therapy”, “crystalloid”, “saline”, “Plasma-
Lyte”, “plasmalyte”, “hartmann’s”, “ringers” “acetate”, 
“gluconate”, “malate”, “lactate”. Only studies that 
compared PL 148 to other crystalloid solutions were 
included. Articles in the English language with human 
and animal studies were considered. Date restrictions 
were not applied. The last electronic literature update 
was in December 2015. In total, after appropriate 
screening against the inclusion criteria, we retrieved 
557 references or full-text journal articles for analysis 
and critical review. Three authors conducted the search 
and data extraction. Two authors analyzed the results. 
Including online journal articles and textbooks, 104 
articles were included this review. 

RESULTS
Description of product
PL 148, also known as Plasma-Lyte A, is a sterile isotonic 
non-pyrogenic IV crystalloid solution used in clinical 
medicine to provide water, electrolytes and calories to 
patients. PL 148 is a trade mark of Baxter International 
Inc. First patented in 1982, it is available in 1000 mL and 
500 mL Viaflex containers and has been commercially 
available for perioperative fluid intervention for over 
25 years in the United States, Australasia and the 
United Kingdom. The electrolyte composition of PL 148 
more closely reflects the constituents of human plasma 
compared with both Hartmann’s Solution and NS, and 
is hence considered a more “physiological” solution. It is 
commonly used as both a resuscitation and maintenance 
fluid in the critical care setting and for perioperative fluid 
intervention in elective and emergency surgery. 

Each 1000 mL of PL 148 contains 5.26 g sodium 
chloride, 370 mg potassium chloride, 300 mg magnesium 
chloride, 3.68 g and 5.02 g of sodium acetate and sodium 
gluconate respectively; this equates to 140 mmol/L 
sodium, 5 mmol/L potassium, 1.5 mmol/L magnesium, 
98 mmol/L chloride, and 27 mmol/L and 23 mmol/L of 
acetate and gluconate, respectively. The physiochemical 
properties of PL 148 compared to plasma and other 
commonly available crystalloid solutions are summarized 
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in Table 1. Unlike Hartmann’s solution, which contains 
calcium, PL 148 is calcium free and therefore com-
patible with blood and blood components. PL 148 
contains no antimicrobial agents. The caloric content is 
approximately 66 kilojoules/L or 16 kcal/L. The numeric 
“148” is a derivative of the sum of each of PL 148’s 
cationic concentrations, i.e., 140 mEq (sodium) plus 
5 mEq (potassium) plus 3 mEq (magnesium), which 
equates to a sum total of “148 mEq”. The formulation 
“PL 148 (approximate pH 7.4)” is available in Australia 
and New Zealand. The formulation is approved by 
the Australian Therapeutics Goods Administration 
and registered in both Australia (AUST 231424 and 
48512) and Medsafe (New Zealand). The pH of PL 148 
is adjusted with sodium hydroxide and reported as 
approximately 7.4, however depending on country of 
manufacture, the pH ranges from 6.5 to 8.0. PL 148 is 
supplied in VIAFLEX™ plastic bag containers produced 
from a uniquely formulated polyvinyl chloride. VIAFLEX 
is a trademark of Baxter International Inc. Safety of the 
polyvinyl chloride has been confirmed in animal and 
tissue culture toxicology studies. 

DISCUSSION
Contraindications and precautions 
There are no published cases in the medical literature of 
PL 148 hypersensitivity reactions, however anaphylactic 
and hypersensitivity infusion reactions have been 
reported[2]. As the PL 148 bag is an adaptable or 
flexible plastic container, it should not be connected in 
series with other fluid containers due to the risks of air 
embolism. Pressure infuser bags to increase flow rates 
should be used very cautiously with any of the PL 148 
containers, as any residual air in the container that 
has not been evacuated prior to administration, can 
result air embolism. Similarly, the use of open vented 
IV administration sets can also result in air embolism, 
and these should not be used with the PL 148 flexible 
container. 

Compatibility with other IV medications
The physical compatibility of PL 148 with medications 
commonly used in the operating theatre and critical 
care settings has been investigated[3]. PL 148 was 
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Sodium 
(mmol/

L)

Potassium 
(mmol/L)

Magnesium 
(mmol/L)

Calcium 
(mmol/

L)

Chloride 
(mmol/L)

Acetate 
(mmol/L)

Gluconate 
(mmol/L)

Lactate 
(mmol/

L)

Malate 
(mmol/

L)

eSID 
(mEq/

L)

Theoretical 
osmolarity 
(mOsmol/

kg)

Actual or 
measured 

1osmolality 
(mOsmol/

kg)

pH

  Plasma 136-145 3.5-5.0 0.8-1.0 2.2-2.6 98-106 Nil Nil Nil Nil 42 291 287 7.35-7.45
  Sodium 
  chloride 
  (0.9%)

154 Nil Nil Nil 154 Nil Nil Nil Nil 0 308 286 4.5-7

  Compound 
  sodium 
  Lactate 
  (lactate 
  buffered)

129 5 Nil 2 109 Nil Nil 29 Nil 29   28 278 5-7

  Ringer’s 
  lactate 
  (lactate 
  buffered)

130 4 Nil 3 109 Nil Nil 28 Nil 27 278 256 5-7

  Ionosteril® 
  (acetate 
  buffered 
  solution)

137 4 1.25      1.65 110     36.8 Nil Nil Nil    36.8 291   20 6.9-7.9

  Sterofundin 
  ISO® 
  (acetate  
  and 
  malate 
  buffered)

145 4 1    2.5 127 24 Nil Nil 5    25.5 309 Not stated 5.1-5.9

  Plasma-Lyte 
  148® 
  (acetate 
  and 
  gluconate 
  buffered)

140 5 1.5 Nil 98-106 27 23 Nil Nil 50 295   2712   7.43

Table 1  Characteristics of common crystalloid solutions compared to human plasma

1Freezing point depression; 2Australian and New Zealand formulation; however approximate osmolality may vary depending on country of manufacture; 
3Australian and New Zealand formulation; however pH ranges from 6.5 to 8.0 depending on country of manufacture. Plasma-Lyte 148 manufactured by 
Baxter Healthcare, Toongabie, NSW, Australia; Ringer’s Lactate manufactured by Baxter Healthcare, Deerfield, IL, United States; Hartmann’s solution 
manufactured by Baxter Healthcare, Toongabie, NSW, Australia; Ionosteril manufactured by Fresenius Medical Care, Schweinfurt, Germany; Sterofundin 
ISO manufactured by B. Braun Melsungen AG, Melsungen, Germany. 
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to suggest that PL 148 is excreted in breast milk. 
There is insufficient information to determine if elderly 
patients respond differently from younger subjects. In 
general, dose selection of PL 148 in the elderly should 
take into consideration cardiac, renal, and hepatic 
function, together with pre-existing comorbidities and 
pharmacological therapy.

Physiological properties of PL 148
PL148 is marketed as a “physiological” and “balanced” 
fluid, because its composition closely reflects that of 
plasma. Its physiochemical properties are however 
different from the commonly used crystalloids: NS 
and Hartmann’s solution. Outlined below are the key 
differences between PL 148 and these commonly 
available crystalloid solutions. 

Osmolality: Normal plasma osmolality is 280-296 
mOsmol/kg. PL 148 is an isotonic solution with an 
approximate osmolality of 271 mOsmol/kg (current 
formulation in Australia and New Zealand), as deter
mined by an osmometer using the technique of free-
zing-point depression. In other countries, the stated 
osmolality is approximately 291 mOsmol/kg. Osmolarity 
is the measure of the solute concentration, or the 
number of osmoles of solute particles per unit volume of 
solution. The osmotic pressure of a solution determines 
how a solvent will diffuse across a semipermeable 
membrane (osmosis) that separates two solutions of 
different osmotic concentrations. The osmotic activity 
of IV fluids is best described by the calculated in vivo 
osmolality (mOsmol/kg) of that solution[9]. Tonicity on 
the other hand, is a measure of the effective osmotic 
pressure gradient of two different solutions that are 
separated by a semipermeable membrane. Therefore, 
tonicity can be described as the “relative concentration” 
of solutions, which in turn, determine the direction and 
degree of diffusion of that solution. The terminology 
is distinctive; osmolarity is the total concentration of 
diffusible and nondiffusible solutes, whereas tonicity 
takes into account the total concentration of only non
diffusible solutes. 

PL 148 is considered a “balanced” fluid and isoto-
nic with plasma, because it has a calculated in vivo 
osmolality within the normal physiological range of 
270 to 290 mOsmol/kg[10]. Interestingly, NS is con-
sidered “hypertonic” with an in-vitro osmolality of 
308 mOsmol/kg (154 mOsmol/kg Na+, 154 mOsmol/
kg Cl). However, as its electrolyte components are 
only partly active (osmotic coefficient of 0.926[9]), 
NS is “isotonic” (calculated in-vivo osmolality of 287 
mOsmol/kg[11]). In contrast to both PL 148 and NS, 
Hartmann’s solution is relatively “hypotonic” with an 
in-vivo osmolality of 254 mOsmol/kg. Fluids that are 
hypotonic relative to plasma, can result in retention 
of free water and consequent hyponatremia, effects 
frequently compounded by the release of antidiuretic 
hormone, which is stimulated with critical illness, 

tested with 87 drugs for physical compatibility imme-
diately on mixing, 1 h and 4 h after mixing. Y-site com-
patibility was determined by visual examination per-
formed with laboratory light. Turbidity was measured 
with high-intensity light using a portable turbidimeter. 
On mixing, visual appearance changes occurred with 
amiodarone, cyclosporine, propofol and mycophenolate. 
An increase in turbidity was observed with pantoprazole 
and phenytoin, amiodarone, cyclosporine, propofol and 
mycophenolate. 

Drug interactions
Similar to all crystalloid solutions, PL 148 should be used 
cautiously in patients on corticosteroids due to additive 
risks of sodium and fluid retention. More specific to PL 
148, due to its alkalinizing effects, the renal elimination 
of acidic drugs such as aspirin and barbiturates, or drugs 
such as lithium, may increase[2]. The renal elimination of 
alkaline drugs such as quinidine, or dextroamphetamine 
(dexamphetamine) and sympathomimetics (e.g., 
ephedrine) may be decreased. At present there is insu
fficient evidence for any dose adjustment with any of 
the stated interacting drugs.

Drug and laboratory test interactions
As gluconate plays a role in the galactomannan anti-
genicity of PL 148, patients receiving PL 148 may test 
positive for the galactomannan antigen. Previous studies 
have reported that patients and healthy volunteers 
receiving PL 148 have demonstrated a false-positive 
circulating galactomannan test lasting for up to 24 h[4-7]. 
Galactomannan antigen is a biomarker for pulmonary 
aspergillosis in immunocompromised patients. Positive 
test results in patients receiving PL 148 should therefore 
be interpreted cautiously and the galactomannan antigen 
should be confirmed by other diagnostic methods[4]. 
More recently however, Spriet et al[8] tested 33 distinct 
batches of PL 148 and reported that with contemporary 
sophisticated manufacturing processes, PL 148 does not 
result in false-positive galactomannan test results. 

Carcinogenesis, pregnancy and geriatric patients
There are no studies of PL 148 that have evaluated its 
carcinogenic and mutagenic potential. It is unknown if 
PL 148 has any effects on fertility. In the United States, 
PL 148 is classed as “Category C” in pregnancy. No 
“category” is stated in the Australian Product Information 
for PL 148. Drugs in “Category C” may cause harmful, 
but reversible effects to the fetus or neonate, however 
do not result in deformity or malformation. The Aus
tralian categorization system of medicines for use in 
pregnancy differs from the Food and Drug Admini-
stration categorization in the United States and does 
not follow a hierarchical structure. To date, there are 
no animal reproduction studies of PL 148 and it is not 
known if PL 148 causes foetal adverse effects when 
administered during pregnancy, or whether PL 148 
affects reproduction capacity. There is no evidence 
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anesthesia, and surgical stress[12]. Hypotonic fluids 
should be used extremely cautiously, if at all, in patients 
with fluid overload states, hyponatremia, critical illness, 
or in the setting of raised intracranial pressure. Failure 
to excrete this water load can cause postoperative 
fluid balances excess, weight gain, and resulting tissue 
edema and cellular dysfunction[13]. 

Chloride concentration: Normal plasma concentration 
of chloride ranges between 98 and 106 mmol/L. PL 148 
contains a physiological amount of chloride (98 mmol/L), 
whilst Hartmann’s solution is slightly hyperchloremic 
relative to plasma (109 mmol/L). In contrast, NS 
contains supra-physiological concentrations of chloride 
(154 mmol/L), with accumulating data and expert 
opinion supporting the view that large volumes of NS 
cause a normal anion gap hyperchloremic metabolic 
acidosis[14]. Even the infusion of IV NS over a few hours 
has been shown to cause a metabolic acidosis via this 
mechanism[1519]. Whilst the development of acidosis 
may result in impaired cardiac contractility, arrhythmias, 
pulmonary hypertension, renal and splanchnic vasocon
striction and impaired coagulation[10], the physiological 
benefits of an acidemia include improved oxygen 
delivery via the Bohr effects and acidemic protection 
against hypoxic stress[10,2022]. 

Hyperchloremia has recently been linked to adverse 
clinical outcomes in several animal and human studies. 
McCluskey et al[23] reviewed the datasets of 22851 
surgical patients undergoing non-cardiac surgery with 
normal chloride concentration and kidney function. Post
operative hyperchloremia (defined as plasma chloride 
> 110 mmol/L) occurred in 22% of patients. Hyperch-
loremia was associated with adverse renal outcomes 
and 30d mortality. Similarly, the adoption of a chloride
restriction protocol in a university hospital critical care 
unit was also associated with a decrease in AKI and 
renal replacement therapy[24]. Finally, in a trial examining 
outcomes in patients receiving major abdominal surgery 
who were administered PL 148 or NS for routine 
perioperative fluid intervention, there was an increased 
risk of major adverse events, particularly infection and 
acute kidney injury, among patients who received NS[25]. 
It was unclear if the higher incidence of AKI was due 
to hyperchloremia or other confounding factors. The 
suggested mechanisms of hyperchloremic induced 
kidney injury include inability of the proximal tubules 
to reabsorb chloride, increasing transport of chloride 
to the distal tubule, thereby decreasing glomerular 
filtration[26-28], hyperchloremic induced thromboxane[29], 
and inflammatory mediator and cytokine release[30]. 

In an animal model evaluating the effects of fluid 
resuscitation with NS vs PL 148 on acute kidney 
injury in sepsis, NS resuscitation resulted in significant 
hyperchloremia and acidemia[30]. Acute kidney injury 
severity was increased with NS compared with PL 
148 resuscitation, and 24-h survival favored PL 148 
resuscitation. In an animal model of hemorrhagic shock, 
resuscitation with PL 148 resulted in a more effective 

restoration of blood pressure, and improved biochemical 
profiles when compared to NS[31]. This study also showed 
that resuscitation with PL 148 improved renal oxygen 
consumption. Chowdhury et al[32] performed a clinical 
trial examining kidney blood flow and cortical perfusion 
in healthy participants who were given 2000 mL of 
NS or PL 148. Participants receiving NS had reduced 
renal blood flow and cortical perfusion. Furthermore, 
in another volunteer study participants received a fast 
infusion of 2000 mL of NS and renal excretion took 
more than 2 d[33]. This was further supported by a 
study by Stenvinkel et al[34] where healthy volunteers 
who received 2000 mL of NS over 2 h were noted to 
have a decrease in their eGFR by 10%. Recently, in 
a blinded, cluster randomised, doublecrossover trial 
the renal effects of PL 148 and NS were investigated 
in patients admitted to four ICUs. In this trial, 1152 
patients received PL 148 and 1110 patients received 
NS[35]. No substantial difference in AKI between the 
groups was reported. Adequately powered clinical trials 
are eagerly awaited to evaluate the efficacy of PL 148 
and NS in high-risk patients that report clinically impor-
tant outcomes such as major morbidity and mortality. 
Current research programs are underway with details 
on the trial designs already published[36]. There is still 
ongoing debate as to whether NS should be replaced 
with balanced crystalloids for both fluid maintenance 
and resuscitation to minimise acute kidney injury[37,38]. 

Other electrolytes: Similar to Hartmann’s solution, PL 
148 has a potassium content of 5 mmol/L; PL 148 should 
be used cautiously in patients receiving ACE inhibitors 
or angiotensin II receptor antagonists, calcineurin 
inhibitors, e.g., tacrolimus, and the immunosuppressant 
cyclosporine, due to increase the risk of hyperkalemia. 
Similarly, PL 148 should be used cautiously in patients 
with hyperkalemia or who are predisposed to severe 
hyperkalemia, e.g., rhabdomyolysis, severe burns, 
renal failure, and adrenocortical insufficiency. Unlike 
Hartmann’s solution or Ringer’s lactate, PL 148 contains 
1.5 mmol/L magnesium and should be used cautiously 
in patients with hypermagnesemia or who are at risk 
of hypermagnesemia. Further, in patients receiving 
PL 148, magnesium levels should be checked before 
additional magnesium is administered. However, PL 148 
is not indicated for the treatment of hypomagnesemia. 
Hartmann’s solution contains calcium and should be 
used cautiously with blood or blood derivatives, due to 
the potential risks of precipitation and clot formation[39]. 
In contrast, PL 148 is calcium free and completely 
compatible with blood or blood components. The mixing 
of fluids containing calcium and magnesium with drug 
salts of phosphates, carbonates, tartrates or sulfates 
should also be avoided due to risks of forming insoluble 
calcium or magnesium salts. Mixing calcium-containing 
solutions, e.g., Hartmann’s with ceftriaxone can cause 
the formation of insoluble ceftriaxone calcium salts[40]. 

Strong ion difference: An important physicochemical 
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property of PL 148 compared to other crystalloid 
solutions is its ability to increase pH in patients with a 
pre-existing metabolic acidosis. Experimental evidence 
has shown that the optimal effective in-vivo strong ion 
difference (SID) for an IV fluid not to influence blood pH 
should be approximately 24 mEq/L[41,42]. Saline 0.9%, 
with its equal concentrations of sodium and chloride, 
has a SID of zero. It follows that infusion of NS will 
significantly reduce the SID of plasma, thus causing a 
metabolic acidosis. Hartmann’s solution is considered 
to be a “balanced” solution compared to NS, with an 
effective in-vivo SID of 29 mEq/L. PL 148 has a SID of 
50, which is the reason it is considered an “alkalinizing” 
solution. As PL 148 is an alkalinizing solution, its admini-
stration may increase plasma pH, which can decrease 
ionized calcium concentrations. Whilst PL 148 may 
correct an underlying metabolic acidosis, it should 
be administered cautiously, if at all, to patients with 
alkalosis. 

Inorganic and metabolic anions in Plasma-Lyte 148
Acetate: Normal physiological levels of acetate are 
0.06-0.2 mmol/L in plasma. The acetate concentration 
in PL 148 is 27 mmol/L. Acetate is no longer used as 
a hemodialysis buffer in modern dialysis treatments. 
Although initial studies showed that acetate based 
solutions were almost as effective as bicarbonate in 
maintaining acid base homeostasis in patients with 
cholera[43,44], more recently the use of acetate as a 
hemodialysis solution has been limited by its association 
with cardiovascular instability in patients receiving large 
volume renal replacement therapy[45,46]. Adverse effects 
of acetate are frequently observed with both high doses 
and high rates of acetate infusions, particularly in the 
setting of hemodialysis. Small quantities of acetate in 
dialysate solutions have been reported to cause supra
physiological acetate plasma concentrations (50 to 
100 μmol/L)[47-49]. In addition, use of acetate solutions 
as a cardiopulmonary prime has also been reported 
to cause similar plasma concentrations in patients 
undergoing cardiac surgery[50], although it is unknown if 
such concentrations are associated with detrimental or 
adverse clinical outcomes. 

Kirkendol et al[51] first reported that sodium acetate 
produced a doserelated decrease in cardiac contractility 
and blood pressure in a dog model. These initial 
reports conflicted with further laboratory research as 
the same investigators showed that a slow infusion 
of acetate failed to cause adverse hemodynamic 
effects[52]. Hypoxia and hypotension are reported 
adverse effects in patients with chronic kidney disease 
dialyzed with solutions containing acetate[45,53,54]. In a 
crossover study involving twelve patients undergoing 
hemo-diafiltration randomized to either acetate or 
bicarbonate (acetate free) dialysate, Selby et al[55] 
demonstrated that exposure to acetate free dialysate 
was associated with less deterioration in systemic 
hemodynamics, and less suppression of myocardial 
contractility. Similarly, Jacob et al[56] examined the 

effect of acetate on myocardial energy metabolism 
and reported that acetate levels of 5 mmol/L impacted 
negatively on fatty acid metabolism in cardiac tissue 
and impaired cardiac contractility. Whilst the authors 
cautioned that their observations might be applicable 
to other parenterally administered acetate solutions, 
there have been no human studies to support these 
findings[56]. In contrast, Nitenberg et al[57] evaluated the 
effect of acetate on cardiac function before and after a 
sodium acetate infusion during dialysis. Cardiac function 
improved with plasma acetate concentrations of 3.13 
mmol/L. PL 148 was shown to have adverse effects in a 
model of animal model of hypovolemic shock. In a study 
comparing four resuscitation crystalloids, animals who 
received PL 148 had worse survival rates and higher 
plasma lactate concentrations compared with NS and 
lactated solutions[58]. Ringer’s lactate was considered 
the most favourable crystalloid due to its lower chloride 
concentration when compared to NS, and absence of 
acetate and magnesium when compared to PL 148. 

The use of PL 148 with acetate as its organic anion 
may confer several advantages over the lactate-
containing crystalloids. One clinical advantage is that 
unlike lactate metabolism, acetate metabolism is 
not entirely dependent on hepatic function. Acetate 
metabolism is preserved in severe shock, in contrast 
to lactate metabolism, which can be significantly 
impaired[59]. Lactate may be an important prognostic 
indicator after liver resection[60], shock states and 
critical illness[61,62], with strong associations shown 
with hyperlactatemia and risk of complications and 
death. Acetate is metabolised more rapidly than 
lactate, generating bicarbonate within 15 min after its 
adminstration[63,64]. Acetate is also more alkalinizing than 
lactate, which may confer benefit in treating patients 
who are acidemic who require fluid intervention or 
resuscitation. Ekblad et al[65] showed that a continuous 
infusion of sodium acetate (3 mmol/kg per 24 h) 
corrected metabolic acidosis in premature infants. 
More recently, in a larger clinical trial of 78 critically 
ill trauma patients resuscitation with sodium acetate 
as an alternative to NS or Hartmann’s solution in 
patients receiving acetate had stable hemodynamic 
profiles without evidence of hemodynamic instability 
at any point[66]. In the patients who received acetate, 
there was a rapid correction of both metabolic acidosis 
and hyperchloremia. Other reported advantages of 
acetate are that its metabolism does not depend on 
age[67], acetate protects against malnutrition without 
disturbing glucose homeostasis[68], and unlike lactated 
solutions, acetate does not affect glucose or insulin 
concentration[68,69]. The conversion of exogenously 
administered lactate to glucose via gluconeogenesis has 
been reported to cause significant hyperglycemia[70]. In 
diabetic patients, intraoperative glucose levels have been 
shown to double following administration of exogenous 
lactate solutions[71]. 

Gluconate: PL 148 contains 23 mmol/L of gluconate. 

November 4, 2016|Volume 5|Issue 4|WJCCM|www.wjgnet.com

Weinberg L et al . A review of Plasma-Lyte 148



241

However, there is limited information about the physio
logical impact or clinical consequences of gluconate. 
Approximately 80% of gluconate is eliminated via renal 
mechanisms. Compared with HCO3, lactate or acetate, 
gluconate exerts little, if any alkalinizing effect[51,72]; 
therefore its clinical effects in vivo as a metabolically 
degradable anion appear to be very limited. Gluconate 
may protect against post ischemic cardiac dysfunction 
and oxidative injury[73], however there is lack of data on 
acetate and gluconate levels after PL 148 administration 
in most surgical settings. In a phase II clinical trial of PL 
148 vs a bicarbonatebased cardiopulmonary bypass 
prime solution, there was a significant increase in 
unmeasured anions levels after PL 148 administration, 
which was still present, albeit in smaller concentrations 
prior to cessation of CPB[74]. Liskaser et al[19] reported 
similar findings. The unmeasured anions were attributed 
to acetate and gluconate. Davies et al[50] observed that 
when PL 148 was administered as a cardiopulmonary 
bypass pump-prime fluid, there were supra-physiologic 
plasma levels of acetate and gluconate when compared 
to a bicarbonate pump prime solution. There were no 
significant differences in systemic inflammation (as 
measured by Interleukin-6 levels), and the authors 
advocated larger scale studies to more precisely assess 
this phenomenon. The implications of supra-physiological 
gluconate and acetate levels remain undetermined. 

Specific indications for PL 148 for perioperative fluid 
intervention
General surgical setting: There is a paucity of large-
scale prospective trials comparing PL 148 to other fluid 
buffered (e.g., Hartmann’s solution) and non-buffered 
(e.g., NS) solutions. A summary of the clinical trials 
pertinent to PL 148 are summarized in Table 2. Whilst 
an accumulating body of retrospective studies suggest 
that chloride rich solutions such as NS may directly 
contribute to iatrogenic hyperchloremic metabolic 
acidosis and adverse renal outcomes[23,25,75], results from 
larger prospective studies are still eagerly awaited before 
conclusive evidence is available to influence practice 
regarding the use of balanced solutions over NS[36]. 
Based on the current literature, balanced solutions 
appear to be more physiological than NS, however 
at present there is insufficient evidence from clinical 
trials to unequivocally prove that balanced or buffered 
crystalloid solutions are associated with improved patient 
outcomes. Further, at present, there is also insufficient 
evidence to advocate for the routine use of PL 148 
over other commercially available buffered or non
buffered crystalloid. Understanding the physicochemical 
properties of PL 148 is paramount, as this will allow 
clinicians to individualise its use taking into consideration 
patients’ comorbidity, pathology, existing fluid deficit, 
and concurrent biochemical derangements. 

Diabetic ketoacidosis: PL 148 may have a beneficial 
role in patients who present in diabetic ketoacidosis[76,77]. 
In a randomized controlled clinical trial, diabetic 

patients admitted to the emergency department with 
ketoacidosis were resuscitated with either PL 148 or 
NS. Use of PL 148 prevented the development of a 
hyperchloremic metabolic acidosis[76]. This study did 
not comment on glycemic control or overall outcomes 
of the patients. In a similar study by Chua et al[77], the 
outcomes of patients with diabetic ketoacidosis admitted 
to three major critical care centres across Australia 
who received PL 148 or NS were evaluated. Use of PL 
148 was associated with a more rapid improvement in 
metabolic acidosis than those who received NS. Patients 
receiving PL 148 had less hyperchloremia, improved 
mean arterial pressure, and higher cumulative urine 
output. Despite a more rapid improvement in metabolic 
acidosis, no difference was found in overall glycemic 
control or length of stay in ICU based on the choice of 
fluid administered. 

Brittle diabetic patients: Unlike lactate metabolism, 
the metabolism of acetate does adversely affect insulin 
or glucose homeostasis[68,69]. PL 148 may therefore 
confer clinically advantages in brittle diabetic patients. 
In contrast, when lactate was supplied exogenously in 
solutions, gluconeogenesis was the principal metabolic 
pathway for lactate metabolism[78,79]. Plasma lactate 
levels as low as three mmol/L significantly increased 
the rate of gluconeogenesis from exogenously supplied 
lactate[80]. Although healthy volunteers showed no 
increase in glucose concentrations following lactate 
infusion[78,80,81], patients undergoing major surgery 
receiving lactated solutions can have significant intra-
operative increases in blood glucose levels[70]. In diabetic 
patients, intraoperative glycemic control may also be 
significantly impaired following the administration of 
lactate containing solutions[71].

Liver resection and liver transplantation: The use 
of lactate free solutions in patients undergoing major 
liver surgery may be beneficial for several reasons. 
First, the metabolism of acetate into bicarbonate is not 
entirely dependent on liver metabolism, in contrast to 
lactate metabolism, which is more reliant on adequate 
liver metabolism[59]. Lactated solutions may therefore be 
inadequately metabolized during the anhepatic phase 
of liver transplantation, during major liver resection 
surgery or in patients with acute or chronic liver insu-
fficiency undergoing major surgery. Plasma lactate 
levels are also an important prognostic marker after liver 
resection[60], shock states and critical illness[61,62,82]. Two 
recent studies evaluating fluid intervention in patients 
undergoing major liver resection supported the notion 
that lactate in Hartmann’s solution can independently 
increase lactatemia[83,84]. A randomised controlled trial 
involving 104 donors undergoing right hepatectomy 
compared acid base status, lactate concentrations and 
liver function test of patients who received PL 148, or 
Hartmann’s solution[83]. PL 148 resulted in lower lactate 
and bilirubin levels, lower prothrombin times, and 
higher albumin levels compared to patients receiving Hart-
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  Ref. Title Objectives Patient 
numbers

Findings

  Liskaser et al[19] Role of pump prime in the 
etiology and pathogenesis of 

CPB-associated acidosis

RCT that compared the development of 
metabolic acidosis in patients on CPB 
who had either Hemaccel- Ringer’s 

Solution, or PL 148 as the pump prime 
fluid

n = 22 All patients developed a metabolic 
acidosis when the pump prime fluid 

was delivered
Participants who received Hemaccel-

ringer’s solution developed a 
hyperchloremic metabolic acidosis, 

however participants who received PL 
148 developed acidosis as a result of 

an increase in unmeasured ions, likely 
acetate and gluconate

The acidosis was reversed more quickly 
with PL 148 compared to NS

  Yunos et al[24] The biochemical effects of 
restricting chloride-rich fluids 

in intensive care 

This study evaluated the acid base 
effects of administration of chloride-

restricted fluids to critically ill patients, 
compared with unrestricted fluid 

management 

n = 1644 Restriction of chloride rich fluids was 
associated with a reduction in metabolic 

acidosis (P < 0.001), standard base 
excess (P < 0.001) and severe acidemia (P 

< 0.001)
The intervention was associated with 

a greater incidence of severe metabolic 
alkalosis (P < 0.001)

  Shaw et al[25] Major complications, mortality, 
and resource utilization after 
open abdominal surgery: NS 

compared to PL 

This observational study compared 
the post-operative complications, 
in-hospital mortality and resource 
utilization after abdominal surgery 

between patients who received either 
NS or PL 148 fluid therapy on the day 

of surgery

n = 31920 Patients who received PL 148 had lower 
rates of in-hospital mortality (P < 0.001) 

and major complications (including 
renal failure requiring dialysis (P < 
0.001), post-operative infection (P < 

0.006), blood transfusions (P < 0.001), 
electrolyte disturbance (P < 0.046) and 
acidosis investigation (P < 0.001) and 

intervention (P = 0.02)
  Aksu et al[31] Balanced vs unbalanced 

crystalloid resuscitation in a 
near-fatal model of hemorrhagic 

shock and the effects on renal 
oxygenation, oxidative stress, 

and inflammation

Animal study in which rats were 
induced into hemorrhagic shock, and 
were then resuscitated with either no 

fluid, PL 148 or NS

n = 6 Both PL 148 and NS restored blood 
pressure during resuscitation

NS was associated with hyperchloremia 
(P < 0.001) and metabolic acidosis (P < 

0.05)
PL 148 restored acid base balance more 

effectively than NS
PL 148 was associated with 

improvement in renal oxygen 
consumption occurred compared to NS 

(P < 0.05)
Systemic inflammation and oxidative 
stress were similar with NS or PL 148

  Chowdhuryet al[32] A randomized, controlled, 
double blind crossover study 

on the effects of 2L infusions of 
NS and PL on renal blood flow 
velocity and renal cortical tissue 
perfusion in healthy volunteers

The authors used MRI to compare 
the renal blood flow of healthy male 
volunteers following a 2L infusion of 

either PL 148 or NS

n = 12 NS was associated with hyperchloremia 
(P < 0.0001) and metabolic acidosis (P < 

0.025)
NS was associated with a decrease in 
a reduction in mean renal artery flow 
velocity (P = 0.045) and renal cortical 

tissue perfusion (P = 0.008), findings not 
observed after PL 148

  Young et al[35] Effect of a buffered crystalloid 
solution vs saline on acute 

kidney injury among patients 
in the Intensive Care Unit: The 
SPLIT randomized clinical trial

A double blind, cluster randomized, 
double-crossover trial conducted in 
4 intensive care units. The primary 

aim was to determine the effects 
of PL compared with NS on renal 

complications

n = 2278 No differences in the incidence of acute 
kidney injury (P = 0.77)

No differences in mortality (P = 0.40)

  Omron et al[42] A physicochemical model of 
crystalloid infusion on acid-

base status 

In this study, authors used a 
simulated human model in a standard 

physiological state to compare the effect 
of 5 different fluids with varying SID 
values on the acid-base status of the 

human model when infused up to 10 L

n = 1 Solutions with a SID greater than 
24.5 mEq/L resulted in a progressive 

metabolic alkalosis
Solutions with a SID less than 24.5 mEq/L 

resulted in a progressive metabolic 
alkalosis

PL 148 (SID of 50 mEqu/L) caused a 
progressive metabolic alkalosis when 

administered in high volumes

Table 2  Summary of the Plasma-Lyte 148 clinical trials

Weinberg L et al . A review of Plasma-Lyte 148



243 November 4, 2016|Volume 5|Issue 4|WJCCM|www.wjgnet.com

  Davies et al[50] Plasma acetate, gluconate and 
interleukin-6 profiles during 
and after CPB: A comparison 
of PL 148 with a bicarbonate-

balanced solution

In this study, acetate levels were 
compared in elective cardiac surgical 

patients who received either PL 148 or a 
bicarbonate- balanced crystalloid as the 
priming fluid for their cardiopulmonary 

bypass

n = 30 PL 148 was associated with 
supraphysiological plasma concentrations 
of acetate (P < 0.0005) and gluconate (P < 

0.0005) after institution of CPB
Gluconate levels remained persistently 

elevated at the end of CPB
Plasma concentrations of acetate did not 
completely return to normal levels until 4 

h post separation from CPB
There were no significant differences in 
concentrations of IL-6 between the two 

priming fluids
  Traverso et al[58] Fluid resuscitation after an 

otherwise fatal hemorrhage: I. 
Crystalloid solutions

An animal model in of hemorrhagic 
shock comparing four crystalloid 

solutions (NS, Ringer’s lactate, 
Plasmalyte-A, and Plasmalyte-R) to 

prevent death after a fatal hemorrhage 

n = 116 Ringers lactate provided the best 
survival when compared to saline and 

PL 
After analyses of arterial blood gas 
values, biochemistry variables, and 

hemodynamic metrics such as heart rate 
and aortic pressure, Ringers lactate was 
considered the most superior crystalloid 

solution (P value: not stated) 
  Morgan et al[74] Acid-base effects of a 

bicarbonate-balanced priming 
fluid during cardiopulmonary 
bypass: comparison with PL. 
A randomised single-blinded 

study 

In this RCT, the authors compared 
the acid- base effects of a bicarbonate- 
balanced trial crystalloid with those of 
PL when administered as a 2-L prime 

in patients undergoing elective cardiac 
surgery

n = 20 PL 148 was associated with a metabolic 
acidosis (P = 0.0001) and an increased 
strong ion gap secondary to a surge of 
unmeasured anions (likely acetate and 

gluconate)

  Yunos et al[75] Association between a chloride-
liberal vs chloride-restrictive IV 

fluid administration strategy 
and kidney injury in critically 

ill adults

This study assessed the rates of kidney 
injury in patients admitted to ICU who 
received only chloride- restricted fluids 
such as PL 148 or Hartmann’s solution 
compared to those that also received 

fluids that were high in chloride 
concentration, including NS

n = 1533 The incidence of acute kidney injury 
decreased significantly in patients who 
received a chloride-restrictive fluid plan 
compared to those who received fluids 

high in chloride concentration (P < 0.001)
No differences in hospital mortality, 
hospital or ICU length of stay were 

observed
  Mahler et al[76] Resuscitation with balanced 

electrolyte solution prevents 
hyperchloremic metabolic 
acidosis in patients with 

diabetic ketoacidosis

In this prospective single centre study, 
patients admitted to the emergency 
department in diabetic ketoacidosis 

were resuscitated over at least 4 h with 
either NS or PL 148, and their serum 
chloride and bicarbonate levels were 

monitored and compared

n = 45 Resuscitation with NS was associated 
with higher serum chloride 

concentrations (P < 0.001) and lower 
bicarbonate concentrations (P = 0.020)
Resuscitation with PL 148 prevented 
hyperchloremic metabolic acidosis

  Chua et al[77] PL 148 vs NS for fluid 
resuscitation in diabetic 

ketoacidosis

In this retrospective study, the authors 
compared the plasma biochemistry, 
hemodynamic and glycemic control 
in patients admitted to the ICU for 

management of ketoacidosis who were 
resuscitated primarily with PL 148 or 

NS over the first 12 h

n = 23 PL 148 was associated with less 
hyperchloremia and a more rapid 

improvement in metabolic acidosis than 
those who received NS (P < 0.05)
PL 148 improved hemodynamic 
measures including an improved 

mean arterial pressure at 2-4 h, and 
higher cumulative urine output at 4-6 h 

compared the NS group (P < 0.05)
No differences were observed in 

glycemic control or length of stay in ICU 
based

  Shin et al[83] Lactate and liver function 
tests after living donor right 
hepatectomy; a comparison 

of solutions with and without 
lactate

A randomised controlled compared the 
acid- base status, lactate levels and liver 

function tests in patients undergoing 
hepatectomy for liver transplant who 

received PL 148 or Hartmann’s solution

n = 104 Immediately post hepatectomy, donors 
who received PL 148 had significantly 
lower lactate levels (P = 0.005), lower 
bilirubin concentrations (P < 0.001), 

shorter prothrombin time (P = 0.009), 
and higher albumin levels compared to 

the Hartmann’s group
There were no significant

differences between the groups in 
albumin, bilirubin, or prothrombin 

times on post-operative day 5
There were no significant differences in 

complications or duration of hospital 
stay
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  Weinberg et al[84] The effects of PL 148 vs 
Hartmann’s solution during 

major liver resection: a 
multicentre, double blind, 

randomized controlled trial

Multicentre RCT investigating the 
biochemical effects of Hartmann’

s solution or PL 148 in patients 
undergoing major liver resection. 

Primary outcome: Base Excess 
immediately after surgery. Secondary 

outcomes: changes in blood 
biochemistry and hematology

n = 60 Base excess similar in both groups at 
completion of surgery (P = 0.17)

Postoperatively patients receiving 
Hartmann’s solution were more 
hyperchloremic (P = 0.01) and 

hyperlactatemic (P = 0.02)
Patients receiving PL 148 had higher 
plasma magnesium levels (P < 0.001) 
and lower ionized calcium levels (P < 

0.001)
No significant differences in pH, 

bicarbonate, albumin and phosphate 
levels

PT and aPTT were significantly lower in 
the PL 148 group (P < 0.001, P = 0.007)

  MacFarlane et al[85] A comparison of PL 148 and 
NS for intra-operative fluid 

replacement

RCT that compared the pre-op and post-
operative acid base status of patients 

who received either NS or PL 148 whilst 
undergoing major hepatobiliary or 

pancreatic surgery

n = 30 Intra-operatively, NS was associated 
with increased plasma concentrations of 
chloride (P < 0.01), decreased levels of 

bicarbonate (P < 0.01), and an increased 
base deficit (P < 0.01), compared to PL 

148
Less blood loss and higher postoperative 

hemoglobin in the PL 148 group) (P = 
0.03)

Total complications were more frequent 
in the Hartmann’s group (P = 0.007)
Hyperchloremic metabolic acidosis 

occurred in patients receiving NS but 
not in those receiving PL 148

  Hadimioglu et al[87] The effect of different 
crystalloid solutions on 

acid-base balance and early 
kidney function after kidney 

transplantation

A blinded RCT investigating the effects 
of NS, lactated Ringer’s, or PL 148 on 

changes in acid-base balance, potassium 
and lactate levels during kidney 

transplantation. Urine volume, serum 
creatinine, and creatinine clearance 

were recorded on postoperative days 1, 
2, 3 and 7

 

n = 60 Patients receiving NS had lower pH 
levels, and higher chloride levels (P 

value not stated) 
Lactate levels increased significantly in 

patients who received Ringer’s lactate (P 
value not stated)

No significant changes in acid-base 
measures or lactate levels occurred in 

patients who received PL 148
Potassium levels were not significantly 

changed in any group
The best metabolic profile was 

maintained in patients who receive PL 
148

  Kim et al[88] Comparison of the effects of 
NS versus PL on acid-base 

balance during living donor 
kidney transplantation using 
the Stewart and base excess 

methods

RCT compared the effects of NS and 
PL 148 on acid-base balance and 

electrolytes during living donor kidney 
transplantation using the Stewart and 

base excess methods

n = 60 Significantly lower values of pH, 
base excess, and effective strong ion 

differences during the post-reperfusion 
period in the NS group (P < 0.05)

Hyperchloremic metabolic acidosis 
present in the NS group (P < 0.05)

No differences between the groups in 
early postoperative graft function (P = 

0.3)
  Potura et al[89] An acetate-buffered balanced 

crystalloid vs NS in patients 
with end-stage renal disease 
undergoing cadaveric renal 

transplantation: a prospective 
randomized controlled trial

RCT that evaluated the impact of 
NS vs a chloride-reduced, acetate-

buffered crystalloid on the incidence 
of hyperkalemia during cadaveric 

renal transplantation. The incidence of 
metabolic acidosis and kidney function 

were secondary aims

n = 150 The incidence of hyperkalemia differed 
by less than 17% between groups (P = 

0.56)
Use of balanced crystalloid resulted 

in less hyperchloremia (P < 0.001) and 
metabolic acidosis (P < 0.001)

Significantly more patients in the NS 
group required administration of 

catecholamines for circulatory support 
(P = 0.03)

  Smith et al[99] Cost-minimization analysis 
of two fluid products for 

resuscitation of critically injured 
trauma patients

A retrospective cost-minimization 
analysis evaluating fluid and drug 

acquisition costs, materials and nurse 
labor costs, and costs associated with 

electrolyte replacement in patients who 
received PL 148 or NS

n = 46 Substitution of PL 148 for NS for fluid 
resuscitation during the first 24 hours 

after trauma was associated with 
decreased magnesium replacement 

requirements (P < 0.001) and a net cost 
benefit to the institution
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mann’s solution. In this single centre study no significant 
differences in complications or duration of hospital stay 
between groups were reported. Recently, however, in a 
multicentre trial evaluating patients undergoing major 
liver resection[84], patients who received PL 148 had 
improved biochemical and hematological profiles (acid 
base homeostasis, electrolyte balance and coagulation 
status) as well as fewer complications and reduced 
length of stay. Finally a smaller study by McFarlane et 
al[85] compared the preop and postop acid base status 
of patients who received either NS or PL 148 whilst 
undergoing major hepatobiliary or pancreatic surgery. 
Consistent with the other studies above, patients who 
received NS intraoperatively were more hyperchloremic 
and acidemic compared to those who received PL 148. 
The most favourable crystalloid solution for patients 
undergoing major liver surgery is still unknown[86]. 

Renal transplantation: Traditionally, NS is advocated 

perioperatively for renal transplant recipients due to 
concerns about hyperkalemia from balanced solutions, 
which contain potassium. Although NS is widely advo-
cated in this setting, recent evidence suggests balanced 
crystalloids such as PL 148 or Hartmann’s may be more 
appropriate. Hadimioglu et al[87] performed a randomised 
clinical trial comparing PL 148, Hartmann’s solution, and 
NS as intraoperative fluid replacement in 90 patients 
undergoing renal transplant. Those receiving NS had 
higher chloride, lower pH and lower base excess than 
the other two groups. Those patients receiving Hart-
mann’s had elevated lactate levels. Potassium levels, 
urine output, serum urea and creatinine and creatinine 
clearance were similar between the groups. The authors 
concluded that all three fluids appear safe in short
duration uncomplicated renal transplant surgery, but 
the metabolic profile was best maintained with PL 
148. Four other randomised controlled trials reported 
acidbase metrics as primary outcomes[88-91]. All were 
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  Smith et al[100] Does saline resuscitation affect 
mechanisms of coagulopathy 

in critically ill trauma patients? 
An exploratory analysis

An exploratory analysis of a subset of 
subjects enrolled in a randomized trial 
comparing the effect of resuscitation 
with PL 148 and NS on acidosis and 

electrolyte abnormalities

n = 18 Patients receiving NS were more 
acidemic at 6 h (mean pH saline 7.31 vs 

PL 148; base excess NS 
-5.3 mmol/L vs 0.6 mmol) (P value: not 

stated)
Kinetics time was shorter (P = 0.06) and 
alpha angle was significantly greater (P 

= 0.008) in the PL 148 group 
NS did not alter endogenous thrombin 

potential: (P > 0.1) for all variables
  Song et al[101] The effect of 0.9% saline vs 

PL 148 on coagulation in 
patients undergoing lumbar 

spinal surgery; a randomized 
controlled trial

This study compared the effect of PL 
148 to NS on coagulation assessed 
by rotation thrombo-elastometry 

(ROTEM) and acid-base balance in the 
aforementioned patients

n = 50 Patients receiving NS developed a 
transient hyperchloremic acidosis (P < 

0.05)
Coagulation assessed by ROTEM 

analysis and the amount of blood loss 
was similar between the groups: (P > 0.1 

for all variables)
  Young et al[102] Saline vs PL in initial 

resuscitation of trauma patients: 
a randomized trial

RCT that evaluated the acid-base status 
of patients who were resuscitated with 
either PL or NS for the first 24-h post 

major trauma

n = 46 Significantly greater improvement in 
base excess (estimated difference 4.1 
mmol/L) and less hyperchloremia 
(estimated difference 7 mmol/L) in 

patients who were resuscitated with PL 
compared to those resuscitated with NS 

(P value: not stated)
  Story et al[103] Cognitive changes after saline 

or PL 148 infusion in healthy 
volunteers: a multiple blinded, 

randomized, crossover trial

Randomized, crossover, blinded study 
of healthy adult volunteers. On separate 

days, participants received 30 mL/kg 
over 1 h of either NS or PL. Primary 
endpoint: reaction time index after 

infusion - a validated metric of cognitive 
function

n = 25 NS was also associated with greater 
metabolic acidosis (P < 0.001)

NS was also associated with higher 
serum chloride levels (P < 0.001)

No difference in measures of cognition 
after infusions of PL 148 or NS (P = 0.39)

  Noritomi et al[104] Impact of PL 148 pH 7.4 
on acid-base status and 

hemodynamics in a model of 
controlled hemorrhagic shock

After controlled hemorrhagic shock was 
induced, animals were resuscitated with 
NS, Ringer's lactate solution or PL 148

n = 18 Resuscitation with all three fluids 
restored cardiac output, and urinary 

output
Resuscitation with PL 148 and 

Hartmann’s Solution both resulted in a 
reduction in chloride concentration, and 

increased base excess
Resuscitation with NS was associated 

with an increased chloride concentration 
(P = 0.018), reduction of base excess (P 
= 0.042) and a metabolic acidosis (P = 

0.045)

PL 148: Plasma-Lyte 148; NS: Normal saline 0.9%; RCT: Randomized clinical trial; CPB: Cardiopulmonary bypass; PT: Prothrombin time; aPTT: Activated 
partial thromboplastin time; SID: Strong ion difference; ICU: Intensive care unit; IL: Interleukin.
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underpowered to adequately report endpoints such as 
hyperkalemia, requirements for dialysis, delayed and 
long-term graft function, and survival. Two of these 
studies used an acetate based crystalloid solution for 
fluid intervention[89,91]. Kim et al[88] studied the effects 
of NS and PL 148 on acid-base homeostasis in patients 
undergoing living donor kidney transplantation. There 
was significant hyperchloremic metabolic acidosis in the 
NS group, but no difference in early postoperative graft 
function. More recently, Potura et al[89] evaluated the 
effects of NS vs a chloridereduced, acetatebuffered 
solution (similar in composition to PL 148) on the 
incidence of hyperkalemia in 150 patients undergoing 
cadaveric renal transplantation. The incidence of hyper
kalemia was not statistically different between the 
groups. However, use of the buffered solution resulted 
in less hyperchloremia and metabolic acidosis, and a 
lower requirement for vasoactive medications.

Raised intracranial pressure and hypo-osmolar 
states: Administration of hypoosmolar solutions such 
as Hartmann’s solution may worsen cerebral oedema 
and increase intracranial pressure in neurosurgical 
patients with critical brain injury or existing raised 
intracranial pressure. Larger volumes of Ringers lactate 
are well known to reduce plasma osmolality[92] and result 
in transient increases in intracranial pressure[93]. The 
magnitude of the increase in intracranial pressure can 
be predicted from the reduction of plasma osmolality[9]. 
In animal models, for every mOsmol/kg reduction in 
plasma osmolality, there is a mean increase in intra
cranial pressure of 1.5 mmHg[92,94-98]. Iso-osmolar solu-
tions such as PL 148 or NS may not impact on plasma 
osmolality to the same extent as hypo-osmolar solutions 
and may be advantageous in this setting. PL 148 may 
be advantageous compared to Hartmann’s solution 
in the setting of fluid overload states and iso-osmolar 
hyponatremia, such as that which occurs in transurethral 
resection of the prostate syndrome. Given NS’s greater 
tonicity compared to PL 148, NS may be the preferred 
crystalloid in this setting.

Costs of Plasma-Lyte 148
Currently the net acquisition cost of PL 148 varies signifi-
cantly between different countries and even between 
different states within the same country. In Australia, 
list prices and actual hospital acquisition price differ in 
accordance with state, individual hospital, local tenders 
and preferred supplier agreements. In New Zealand, 
there is different pricing again due to the Pharmaceutical 
Management Agency, which actively manages govern-
ment spending on medicines in order to maximize value 
for medicines, achieving the best health outcomes for 
the amount of public money spent. In Australia and 
New Zealand net acquisition costs of 1000 mL PL 148 
varies between $2.00 and $5.00; in other countries such 
as China and South Korea prices appear to be similar. 
In contrast, net acquisition costs for a 1000 mL bag of 

Hartmann’s solution or NS is Australia is currently less 
than $2.00. Recently, a retrospective cost-minimization 
analysis evaluated drug acquisition and expenses related 
with electrolyte replacement in critically injured trauma 
patients treated with NS or PL 148[99]. The use of PL 148 
was associated with a higher fluid acquisition costs and 
a decreased need for magnesium supplementation[100]. 
Considering consumable supplies and nursing labor 
costs, there was a $12.35 daily costdifferential in 
patients who received PL 148. Substitution of PL 148 
for NS was correlated with reduced magnesium supple-
mentation therapy and overall net cost-benefits for the 
hospital. 

In conclusion, administration of IV fluids is funda-
mental to the optimal management of patients in 
anesthesia and critical care medicine. The selection of 
the appropriate fluid for administration is often based 
on clinician preference, and to date there is a lack 
of large-scale prospective research comparing the 
safety, efficacy and indications of the different types of 
crystalloid solutions. Whilst NS is the most common IV 
fluid crystalloid worldwide, large-scale observational 
studies and small-randomized trials suggest a strong 
association between its use and adverse biochemical 
and clinical outcomes. Emerging data supports the 
use of buffered crystalloid solutions in preference to 
NS in improving physicochemical outcomes; however 
currently there is insufficient evidence to recommend 
this change in practice. Further large randomized 
controlled trials assessing the comparative effectiveness 
of PL 148 and NS in higher risk patients by measuring 
clinically important outcomes such as mortality are 
currently underway[36].

Use of PL 148 should be based on a detailed know-
ledge of its physicochemical properties, and the pathophy-
siological condition of the patient. The ideal approach 
for perioperative fluid therapy should therefore always 
be individualized: Qualitatively: Fluid with suitable 
physicochemical composition individualized to patients’ 
physiological state and specific type of surgery, and 
quantitatively: The right amount of fluid at the right time 
and at the right rate. 

COMMENTS
Background
The use of intravenous fluids for maintenance therapy and resuscitation in 
anesthesia and critical care medicine is universal. There is marked variation in 
perioperative fluid selection, frequently determined by institution and clinician 
preference. Such practice variation is related to the paucity of prospective 
evidence evaluating the comparative safety and efficacy of available cry
stalloid solutions for both fluid resuscitation and maintenance therapy in the 
perioperative setting. The authors present a comprehensive review of Plasma
Lyte 148 (PL 148), comparing its physiochemical properties to other commonly 
available crystalloids solutions.  

Research frontiers
PL 148 is an isotonic, buffered intravenous crystalloid solution with a physio
chemical composition that closely reflects human plasma. Emerging data 
supports the use of buffered crystalloid solutions in preference to sodium 
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chloride (0.9%) in improving physicochemical and clinical outcomes. 

Innovations and breakthroughs
There is a paucity of largescale prospective trials comparing PlasmaLyte 148 
(PL 148) to other fluid buffered (e.g., Hartmann’s solution) and nonbuffered (e.g., 
sodium chloride, 0.9%) solutions. Based on the current literature, balanced or 
buffered solutions appear to be more physiological than sodium chloride (0.9%), 
however at present there is insufficient evidence from prospective clinical trials 
to unequivocally prove that such solutions are associated with improved patient 
outcomes. Further, at present, there is insufficient evidence to advocate for the 
routine use of PL 148 over other commercially available buffered or nonbuffered 
crystalloid.

Applications 
Unlike lactate, acetate metabolism is not entirely dependent on preserved liver 
function for its metabolism, and the metabolism of acetate does adversely affect 
insulin or glucose homeostasis. Therefore, PL 148 may more beneficial than 
a lactate buffered solution in critically ill patients with liver hypoperfusion, liver 
insufficiency, or for patients undergoing complex liver surgery. PL 148 may also 
be a favourable solution in brittle diabetic patients. PL 148 is a more alkalinising 
solution than sodium chloride and Hartmann’s solution, and may have a role in 
correcting severe metabolic academic states where fluid intervention is indicated. 
Administration of hypoosmolar solutions such as Hartmann’s solution may 
worsen cerebral oedema and increase intracranial pressure in neurosurgical 
patients with critical brain injury or existing raised intracranial pressure. Similar 
to sodium chloride (0.9%), PlasmaLyte is isotonic, and may be a suitable 
solution for fluid therapy in this setting. Use of PL 148 should be based on a 
detailed knowledge of its physicochemical properties, and the pathophysiological 
condition of the patient. The ideal approach for perioperative fluid therapy should 
be individualized: qualitatively: Fluid with suitable physicochemical composition 
individualized to patients’ physiological state and specific type of surgery, and 
quantitatively: The right amount of fluid at the right time and at the right rate. 
 
Terminology
A crystalloid solution is any solution containing electrolytes and non electrolytes. 
A balanced or buffered crystalloid solution is a crystalloid solution with a 
physiochemical composition that closely reflects human plasma. 

Peer-review
The authors reviewed clinical studies of PL 148. The manuscript is valuable and 
well written. 
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