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Background and aims

Intra-abdominal hypertension (IAH) and abdomi-
nal compartment syndrome (ACS) are conditions 
that result from increased intra-abdominal pres-
sure (IAP). IAH is frequently present in critically 
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Abstract
Background and objective: Intra-abdominal hypertension is frequently present in critically ill 
patients and is an independent predictor for mortality. In this narrative review, we aim to provide 
a comprehensive overview of current insights into intra-abdominal pressure monitoring, intra-
abdominal hypertension, and abdominal compartment syndrome. The focus of this review is on 
the pathophysiology, risk factors and outcome of intra-abdominal hypertension and abdominal 
compartment syndrome, and on therapeutic strategies, such as non-operative management, 
surgical decompression, and management of the open abdomen. Finally, future steps are discussed, 
including propositions of what a future guideline should focus on.
Conclusions: Pathological intra-abdominal pressure is a continuum ranging from mild intra-
abdominal pressure elevation without clinically significant adverse effects to substantial increase in 
intra-abdominal pressure with serious consequences to all organ systems. Intra-abdominal pressure 
monitoring should be performed in all patients at risk of intra-abdominal hypertension. Although 
continuous intra-abdominal pressure monitoring is feasible, this is currently not standard practice. 
There are a number of effective non-operative medical interventions that may be performed early 
in the patient’s course to reduce intra-abdominal pressure and decrease the need for surgical 
decompression. Abdominal decompression can be life-saving when abdominal compartment 
syndrome is refractory to non-operative treatment and should be performed expeditiously. The 
objectives of open abdomen management are to prevent fistula and to achieve delayed fascial 
closure at the earliest possible time. There is still a lot to learn and change. The 2013 World 
Society of Abdominal Compartment Syndrome guidelines should be updated and multicentre 
studies should evaluate the effect of intra-abdominal hypertension treatment on patient outcome.
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ill patients and is an independent predictor for 
mortality.1,2 The World Society of the Abdominal 
Compartment Syndrome (WSACS) was founded 
in 2004 (www.wsacs.org) and its early accom-
plishments were the development of uniform 
definitions for IAH and ACS and standardized 
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techniques for IAP monitoring to facilitate research and 
improve patient care.3 The definitions of IAP and ACS are 
based on consensus, and the absolute IAP levels and thresholds 
used facilitate comparisons. However, in clinical practice, 
pathological IAP is a continuum ranging from mild IAP eleva-
tions without clinically significant adverse effects to substan-
tial increases in IAP with multi-organ failure.3

In this review, we aim to provide a comprehensive over-
view of current insights into IAP measurement, IAH, and 
ACS. Its focus is on pathophysiology, risk factors, and out-
comes of IAH and ACS and on therapeutic strategies, such as 
non-operative management, surgical decompression, and 
management of the open abdomen. Finally, future steps are 
discussed, including propositions of what a future guideline 
should focus on.

How to measure intra-abdominal 
pressure

IAP is the steady-state pressure within the abdominal cavity.4 
Since the abdominal compartment generally transduces pres-
sure evenly throughout the cavity, IAP can be measured in 
nearly every part of the abdomen.5,6 Clinical assessment of 
IAP based on palpation of the abdomen is unreliable, and 
clinically significant IAH may be present in the absence of 
abdominal distension.7 IAP can be measured directly from 
catheters placed in the peritoneal cavity; for example, during 
laparoscopy when the abdomen is insufflated with CO2 gas. 
Indirect IAP may be measured in hollow organs in the abdom-
inal cavity with easy contact with the atmosphere: the blad-
der, stomach, rectum, or vagina.6 In critical care, IAP 
measurements through either bladder or stomach are most 
practical and intravesicular IAP measurement is considered 
the gold standard.5 However, measurements may be inaccu-
rate; for example, when artifacts in the IAP waveform lead to 
signal over- or underdamping or when the pressure trans-
ducer is malpositioned relative to the reference point.6

Furthermore, regional inter-compartmental pressure dif-
ferences between the upper and lower abdomen have been 
described in patients following liver transplantation.8 A 

standardized approach to IAP measurement is important to 
ensure reproducibility,5 and the WSACS consensus defini-
tions state that IAP should be expressed in mmHg and meas-
ured at end-expiration in the complete supine position after 
ensuring that abdominal muscle contractions are absent and 
with the transducer zeroed at the level of the midaxillary line 
(Table 1). The reference standard for intermittent IAP meas-
urement is through the bladder with a maximal instillation 
volume of 25 mL sterile saline.3

From a theoretical viewpoint, the only correct reference 
level is the mid-bladder level at the tip of the Foley catheter, 
but this level cannot be identified at the bedside. The WSACS-
recommended zero reference level is the midaxillary line at 
the level of the iliac crest as this bony structure is easy to 
palpate, even in obese patients.

Clinically relevant changes in IAP occur at the head-of-
bed increases above 20°9 and when measured at 30° and 45° 
head-of-bed elevation, the IAP is, respectively, 4 and 9 mmHg 
higher on average than in the supine position.10

Normal IAP is approximately 5–7 mmHg in critically ill 
adults,4 but there is a positive correlation between IAP and 
body mass index (BMI).11 Baseline IAP levels are between 9 
and 14 mmHg in morbidly obese patients.10

IAP monitoring

The WSACS-recommended IAP is measured every 4–6 h in 
critically ill patients with one or more risk factors for the 
development of IAH or ACS, and protocols for IAP meas-
urement should be developed for each intensive care unit 
(ICU).5 Continuous IAP monitoring is feasible, but is cur-
rently not standard practice.12 The development of new tech-
nologies in IAP monitoring is promising. For example, the 
Accuryn urinary catheter (Potrero Medical, San Francisco, 
CA) measures IAP from a small balloon seamlessly inte-
grated directly below the catheter tip. IAP will be measured 
and displayed at the pressing of a button. It is technically 
possible to continuously monitor IAP using this system. 
Furthermore, the Accuryn urinary catheter continuously 
measures urine output.13

Table 1. World Society of Abdominal Compartment Syndrome (WSACS) consensus definitions.

Based on MLNG Malbrain et al., Intensive Care Medicine 20063 and AW Kirkpatrick et al., Intensive Care Medicine 20134 are 
available through the WSACS website (http://www.wsacs.org)
• Normal intra-abdominal pressure (IAP) is approximately 5–7 mmHg in critically ill adults
• Intra-abdominal hypertension (IAH) is defined as a sustained IAP ⩾ 12 mmHg
•  Abdominal Compartment Syndrome (ACS) is defined as a sustained IAP > 20 mmHg associated with new organ dysfunction or 

failure.
• IAP is the steady-state pressure within the abdominal cavity.
•  IAP should be expressed in mmHg and measured at end-expiration in the complete supine position after ensuring that abdominal 

muscle contractions are absent and with the transduced zeroed at the level of the midaxillary line.
•  The reference standard for intermittent IAP measurement is through the bladder with a maximal instillation volume of 25 mL 

sterile saline.
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In 2004, the cost of intermittent IAP measurements was 
estimated to be between 20 and 80 euros per patient. Set-up 
costs for continuous IAP monitoring are higher by at least a 
factor 3. Set-up cost of IAP monitoring using a microchip 
was estimated to be a factor 40 higher than intermittent intra-
vesicular measurement.6 In the Netherlands, in 2020, the cost 
of the Accuryn urinary catheter is approximately 200 euro per 
patient once the set-up cost of the reusable monitor (approxi-
mately 9800 euro) has been covered.

Abdominal compliance

Abdominal compliance (Cab) is defined as a measure of the 
ease of abdominal expansion. This is determined by the elas-
ticity of the abdominal wall and diaphragm. It should be 
expressed as the change in intra-abdominal volume (IAV) per 
change in IAP (in ml/mmHg). Since the abdominal pressure–
volume relationship is curvilinear, a small decrease in IAV, 
for example, by drainage of abdominal free fluid, may result 
in a substantial decrease in IAP in patients with ACS. 
Measurement of Cab at the bedside is difficult, which may 
explain why it has been called a neglected parameter in criti-
cally ill patients. Measurement can only be done in case of a 
change in IAV; for example, when drainage of intra-abdomi-
nal free fluid is performed. Normal Cab is around 250–450 mL/
mmHg. Decreased Cab means that the same increase in IAV 
will result in a greater increase in IAP compared to normal. 
Factors associated with decreased Cab include male gender, 
android body composition, fluid overload, and prone posi-
tioning. Treatment of patients with decreased Cab and patients 
with IAH are largely based on the same principles.14,15

Pathophysiology

Increased abdominal pressure has adverse effects on many 
different organ systems. Most often this involves the heart, 
lungs, and kidneys, but the intestines, liver, and brain may 
also be affected.

The ACS is comparable to a compartment syndrome in 
general, where increased pressure within an anatomic com-
partment leads to decreased blood flow and ultimately to tis-
sue hypoxia.16

The pathophysiology of IAH and ACS is not completely 
understood, but a cascade is set in motion leading to a vicious 
cycle of deterioration and multi-organ failure.17 Elevated IAP 
leads to compression of the vena cava causing reduced venous 
return to the heart. This decrease in preload leads to reduced 
cardiac output resulting in reduced blood flow to the organs 
(including kidneys and intestines). Furthermore, high intratho-
racic pressures may result from elevation of the diaphragm due 
to high IAP. Thoracic compliance is reduced leading to 
increased airway pressures or increased work of breathing. 
Fluid resuscitation will further increase edema of the abdomi-
nal and thoracic wall and decrease abdominal and thoracic 

compliance. Edema of the bowel will increase bowel volume 
adding to this vicious cycle of increasing IAP.18 Decreased 
splanchnic perfusion leads to decreased mucosal blood flow 
and bacterial translocation, as Diebel described in a rodent 
model of ACS.19 Bowel ischemia and multi-organ failure may 
follow.20 Hepatic venous, arterial, and microcirculatory blood 
flow decreases significantly with even slight increases in IAP. 
Hepatic dysfunction may lead to decreased clearance of plasma 
lactate, further adding to metabolic acidosis.21

The increase in intra-thoracic pressure impairs the venous 
return of the brain, thereby increasing intra-cranial pressure 
(ICP) and consequently, decreasing cerebral blood flow.22

Pathophysiology of acute kidney injury

The pathophysiology of acute kidney injury (AKI) is com-
plex and has not been completely elucidated. Decreased 
cardiac output leading to decreased renal perfusion con-
tributes to AKI, but multiple factors play a role.17 Oliguria 
may be one of the earliest signs of ACS.23 IAH reduces 
renal blood flow and glomerular filtration rate through 
compression of the renal veins and arterial vasoconstric-
tion. This leads to activation of the renin–angiotensin–
aldosterone hormone system (RAAS) signaling cascade. 
RAAS regulates blood pressure, fluid, and electrolyte bal-
ance, and systemic vascular resistance. When renal blood 
flow is reduced, renin is secreted into the circulation by 
juxtaglomerular cells. Angiotensinogen is converted to 
angiotensin I by renin, and angiotensin I is subsequently 
converted to angiotensin II by the angiotensin-converting 
enzyme (ACE). Angiotensin II is a potent vasoconstrictor 
leading to an increase in systemic vascular resistance. 
Angiotensin II also stimulates the secretion of aldosterone 
from the adrenal cortex. Aldosterone causes the renal 
tubules to increase the reabsorption of sodium and water in 
the blood, which increases the volume of extracellular 
fluid in the body. The intended effect is to increase renal 
perfusion.24 Vasoconstriction may also be mediated by the 
sympathetic nervous system. Although mean arterial blood 
pressure (MAP) may increase at first, it soon stabilizes or 
decreases.18 The inflammatory response triggered by IAH 
may also add to AKI.16,17 In IAP > 20 mmHg, an increase 
in circulating levels of a variety of inflammatory media-
tors has been described in rats.25 Renal tissue and plasma 
tumor necrosis factor-alpha (TNF-alpha) and interleukin-6 
(IL-6) levels were significantly higher in rats undergoing 
increases in IAP compared to sham rats. There was an 
association with histopathological changes in renal tissue, 
and renal tubular changes were most prominent.26 In a 
study of living kidney donors, an increase in inflammatory 
mediators was found in patients whose IAP was only 
12 mmHg.27 In this study, living kidney donors were ran-
domly assigned to hand-assisted laparoscopy (with induc-
tion of a pneumoperitoneum of 12 mmHg) and open 
nephrectomy. Postoperative levels of C-reactive protein 
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(CRP) and IL-6 were higher in the laparoscopy group even 
though the procedure time was shorter.

Epidemiology

Prevalence of IAH and ACS

There are substantial differences in incidence and prevalence 
within subgroups of patients, for example, medical, surgical, 
and trauma patients. Reported incidences of IAH and ACS 
by case mix were summarized by De Waele in 2011 (Table 
2).18 These data were based on the limited number of publi-
cations available at the time, and varying definitions of IAH 
and ACS were used. In more recent studies, IAH and ACS 
have been defined according to the WSACS. These studies 
are compared to the incidences reported by De Waele in 
Table 2.

Data from a mixed medical–surgical ICU where all con-
secutive ICU patients were included showed that ACS 
occurred in 3% of patients.30 In a mixed multi-center ICU 
population of 491 consecutive ICU patients, ACS occurred in 
6% of patients. The difference between the studies was attrib-
uted to the difference in case mix.31

A study in 81 trauma patients showed the incidence of ACS 
was 0% and IAH was 75%.29 In a study of 503 high risk ICU 
patients, prevalences of IAH and ACS were 33% and 3.6%, 
respectively.28 Highest prevalence of ACS occurred in sub-
groups of patients with pancreatitis (57%), after orthotopic liver 
transplant (OLT) (7%), and after abdominal aorta surgery (5%).

IAH persists and may increase as critically ill patients 
increasingly survive initial insults.36 Overall, ACS is decreasing 

Table 2. Comparison of IAH and ACS prevalences in 2011 and 2021.

Diagnosis IAH 2011## (%) IAH (includes ACS) 2021 (%) ACS 2011## (%) ACS 2021 (%)

Major abdominal surgery NA 33–41  

Aorta surgery total 39.7* 5.2*

Aorta surgery- elective 33.3* 4.4*

Aorta surgery- emergency 61.5* 7.7*

Liver transplant NA 59.5* 31 7.1*

Major trauma 50 58.8–72.8*# 13–36 0*#

Mixed ICU 30–54 39–48.9** 5–12 2–6**

Septic shock 51–76 18.9–68*** 33 28****

Severe acute pancreatitis 59–84 85.7* 25–56 57.1*

NA: not available; ICU: intensive care unit; IAH: intra-abdominal hypertension; ACS: abdominal compartment syndrome.
*Smit et al.28

#Balogh et al.29

**Murphy et al.,30 Reintam Blaser et al.,31 and Iyer et al.32

##2011 numbers are those published by de Waele et al.18

***Dorigatti et al.,33 Pereira et al.34 and Kryvoruchko et al.35

****Dorigatti et al.33 and Pereira et al.34

(Table 2), possibly through early recognition and targeted man-
agement of IAH.36 Other factors probably include improved 
peri-operative and intensive care management, including 
restrictive peri-operative fluid management and meticulous 
hemostasis. However, ACS continues to be a major problem in 
specific subgroups, for example, in the obese and in 
pancreatitis.28

Outcome

IAH is an independent predictor for mortality.1,2,30 ICU mor-
tality is significantly higher compared to those who never 
developed IAH (6%–30% versus 1%–11%),30 and the grade 
of IAH is inversely related to outcome.31 The 90-day mortal-
ity of ACS remains high at 39%–76% but shows a large vari-
ation.28,31 Besides patient selection, variation may well reflect 
differences in patient management. In addition to increased 
mortality, IAH and ACS are associated with increased length 
of ICU stay and increased severity of organ failure, particu-
larly renal and respiratory failure.28,37 This is illustrated by an 
increased requirement for renal replacement therapy and an 
increased duration of mechanical ventilation.28 Timing of 
treatment is important in preventing progression of AKI and 
development of chronic kidney disease.18

Risk factors

A number of studies of IAH and ACS risk factors have been 
published, but interpretation is difficult due to significant 
heterogeneity between the studies. A systematic review and 
meta-analysis, including 14 studies and 2500 critically ill 
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adults, were conducted in 2013 (Tables 3 and 4).38 A pre-
senting diagnosis of sepsis, abdominal infection, abdominal 
surgery, hepatic failure/cirrhosis, gastrointestinal (GI) 
bleeding, and ileus were the risk factors for the develop-
ment of IAH among ICU patients (Table 3). Risk factors for 
ACS were studied in trauma and severe acute pancreatitis 
(SAP) patients (Table 4). Although several risk factors tran-
scended across presenting patient diagnoses (e.g. large-vol-
ume crystalloid resuscitation and the presence of shock/
hypotension), many were specific to the type of patient 
population under study. The authors stated that their find-
ings were partially limited by clinical heterogeneity and the 
quality of statistical analyses conducted in the included 
studies and therefore these risk factors should be considered 
candidate evidence-based risk factors until formally evalu-
ated in a prospective multi-center observational study. 
However, thus far this is the best available evidence.

Management

IAH has consistently been associated with morbidity and 
mortality in observational studies. However, it remains uncer-
tain whether treating or preventing this condition improves 
patient outcomes.4

To date, there have been no intervention studies to answer 
the important question which patient needs non-operative 
management or surgical management of ACS. Therefore, the 
position and timing of decompression laparotomy in ACS are 
still unknown.39,40

Non-operative management of ACS

In a 2008 study of 83 patients admitted to the ICU, 10 patients 
developed ACS (12%). These patients all received nasogas-
tric suctioning, rectal decompression, diuretics, deep seda-
tion, and neuromuscular blockade. None underwent surgical 
decompression. Two patients (20%) survived with non-oper-
ative ACS management.37

Non-operative management has advanced since 2008, and 
there are a number of effective non-operative interventions 
that may be performed to reduce IAP and thereby decrease 
the need for surgical decompression.4,41

In 2013, the WSACS published an IAH/ACS medical 
management algorithm consisting of five therapeutic inter-
ventions4 (Table 5). However, overall quality of evidence 
available to guide the development of recommendations was 
low.4 Small trials have investigated single measures and its 
effect on IAP, not on outcome.

In 2007, the first prospective trial of neuromuscular block-
ade in IAH management, reporting temporary reductions in 
IAP in 9 out of 10 patients was published.42 In a prospective, 
blinded trial of epidural versus intravenous postoperative 
pain therapy, the two therapies were demonstrated to have 

equivalent efficacy for reducing IAP.43 Drainage of any intra-
abdominal fluid collections identified is a safe and effective 
technique for reducing IAP.44 Removal of even a few hundred 
milliliters of fluid can result in a marked decrease in IAP in 
the presence of significant IAH and loss of Cab.41

Surgical decompression

“Open the abdomen and keep it open” was the adage used in 
the early 2000s when surgical management was considered 
the only therapeutic option available for the patient with 
ACS.45 Currently there is still no consensus on indications for 
decompression, both in terms of IAP values and of timing,46 
but abdominal decompression can be life-saving when ACS 
is refractory to non-operative treatment and should then be 
performed expeditiously.41

However, the evidence supporting decompressive lapa-
rotomy is limited, as only small non-randomized trials have 
been performed. In 2010, a study protocol of a multicentre, 
randomized, controlled study investigating decompressive 
laparotomy versus percutaneous puncture with the placement 
of abdominal catheter in patients with ACS during acute pan-
creatitis was published.47 However, the results of this study 
are still pending. In a recent systematic review and meta-
analysis, 15 articles and 286 patients (including children) 
were included.48 Decompressive laparotomy resulted in a sig-
nificantly lower IAP and improvement in hemodynamic, res-
piratory, and renal parameters. Mortality after decompressive 
laparotomy remained high at 49.7% in adult patients. There 
was a correlation between the timing of decompressive lapa-
rotomy and mortality. The results of this meta-analysis con-
firm the recommendation that decompressive laparotomy 
should be considered when medical options fail, even though 
it remains unclear which patients would benefit most from 
decompressive laparotomy.

Among the surgical techniques used to decompress the 
abdomen are median laparotomy and bilateral transverse sub-
costal laparotomy.49 A third, less invasive option is the subcu-
taneous linea alba fasciotomy (SLAF), where three short, 
horizontal skin incisions are made.50 This technique is effec-
tive in only 50%–70% of patients.49 Few data support the use 
of other techniques than median laparotomy.39

Open abdomen

After surgical decompression, the fascial edges of the abdo-
men are not approximated (laparostomy). The abdominal con-
tents are exposed and protected with a temporary cover.39 
Since the open abdomen may require multiple reoperations 
and there is a risk of significant complications, such as entero-
atmospheric fistulas, loss of abdominal wall domain, and large 
hernias,51 open abdomen management should immediately 
follow surgical decompression. The objectives of open 
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Table 3. Significant risk factors for IAH among ICU patients adapted from Holodinsky et al.38

Risk factor Patient population Odds ratio (95% CI)

Demographics

 Obesity Mixed ICU patients 5.10 (1.92–13.58)

 Age (per year increase) Mixed ICU patients 2.75 (1.01–3.09)

Presenting diagnosis

 Sepsis Mixed ICU patients 2.38 (1.34–4.23)

 Abdominal infection Mixed ICU patients 2.49 (0.48–13.0)

 Abdominal surgery Mixed ICU patients 1.93 (1.30–2.85)

 Post-laparotomy Trauma 5.72 (1.50–21.43)

 Pancreatitis Mechanically ventilated mixed ICU patients 4.73 (1.96–11.41)

 Hepatic failure/cirrhosis Mechanically ventilated mixed ICU patients 2.07 (2.07–28.81)

 GI bleeding Mechanically ventilated mixed ICU patients 3.37 (1.43–7.94)

 Ileus Mixed ICU patients 2.05 (1.40–2.98)

 Liver dysfunctiona Mixed ICU patients 2.25 (1.1–4.58)

Disease severity

  APACHE II score (per point increase) Pancreatitis 1.652 (1.131–2.414)

Metabolic derangement/organ failure

 Base deficit Trauma 1.15 (1.01–1.33)

 Acidosisa Mixed ICU patients 1.93 (1.12–3.45)

Shock/hypotension

 Vasopressor use Mechanically ventilated mixed ICU patients 2.33 (1.02–5.35)

 Shock Mixed ICU patients 4.68 (1.93–6.44)

 Hypotensiona Mixed ICU patients 2.12 (1.05–4.50)

 CVP (per mmHg) Mixed ICU patients 1.3 (1.1–1.6)

Respiratory status/failure

 Peep > 10 cm H2O Mechanically ventilated mixed ICU patients 2.41 (1.57–3.70)

 Respiratory failure Mechanically ventilated mixed ICU patients 1.87 (1.22–2.87)

 ARDS Mixed ICU patients 3.61 (1.60–9.06)

 Mechanical ventilation Mixed ICU patients 6.78 (1.94–59.03)

Fluid resuscitation

 Pre-ICU crystalloida,b Trauma 1.40 (1.00–1.96)

 Fluid balancea,b Mixed ICU patients 5.22 (2.03–7.45)

 24 h fluid balancea,b Pancreatitis 1.004 (1.001–1.006)

 Fluid collectionsa Pancreatitis 2.015 (1.298–3.129)

 Fluid resuscitation (> 3.5 L crystalloid or 
colloid)

Mixed ICU patients 2.17 (1.30–3.63)

CI: Confidence interval; APACHE II: acute physiology and chronic health evaluation II; CVP: central venous pressure; PEEP: positive end-expiratory 
pressure; ARDS: acute respiratory distress syndrome; GI: gastrointestinal.
aRisk factor was not clearly defined.
bAlthough the odds ratio in these studies appeared to increase per liter of fluid, this was unclear in the original article.
Abdominal infection was defined as infection of the peritoneal cavity confirmed by radiology or microbiology, or pancreatitis, abscess, or other. Sepsis 
was defined according to the consensus definitions. Respiratory failure was defined as PaO2/FiO2 < 300 mmHg.
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abdomen management are to prevent complications and to 
achieve the earliest possible delayed fascial closure.52

Negative pressure wound therapy (NPWT) or vacuum 
therapy is the procedure currently recommended in the 
treatment of the open abdomen.53 Roberts et al. performed a 
systematic review to determine the comparative efficacy 
and safety of NPWT versus alternate temporary abdominal 
closure techniques in critically ill adults with open abdomi-
nal wounds.54 In this study of 1018 adults, two randomized 
controlled trials and nine cohort studies (three prospective 
and six retrospective) were included. These were all con-
trolled cohort studies. Methodological quality of the pro-
spective studies was moderate and low for most of the 
retrospective studies. The limited data suggested that NPWT 
may be linked with improved outcomes versus alternate 
temporary closing techniques. Cirocchi et al. performed a 
review and meta-analysis on the effectiveness of NPWT in 
patients treated with open abdomen.55 In this study, data of 
controlled and uncontrolled studies were pooled, 1225 
patients were analyzed, and 723 (59%) underwent NPWT. 
Comparing the NPWT group and the group without NPWT, 
there was no statistically significant difference in fascial 
closure, postoperative 30 day overall morbidity, postopera-
tive entero-atmospheric fistulas rate (2.1% versus 5.8%, 
p = 0.57), postoperative bleeding rate, and postoperative 
abdominal abscess rate. There were significant differences 
in the postoperative mortality rate (28.5% versus 41.4%, 
p = 0.03) and in the length of stay in the ICU. The data 
should be interpreted with substantial caution given the 
non-randomized nature of many of the included studies, the 
small sample sizes, and high variability between studies. 
Furthermore, the pooling of controlled and uncontrolled 
data is a confounding factor and limits the validity of the 
conclusions further. Both studies highlight the need for ran-
domized controlled trials with homogeneous inclusion cri-
teria to assess the use of NPWT for the management of open 
abdomen.

Kirkpatrick et al. performed a single-center randomized 
controlled trial where 45 adults with abdominal injury or 
intra-abdominal sepsis were randomly allocated to ABThera 
(n = 23) or Barker Vacuum pack (n = 22).56 The cumulative 
incidence of primary fascial closure at 90 days was similar 
between groups. However, 90-day mortality was improved in 
the ABThera group (p = 0.04). This survival difference did 
not seem to be mediated by an improvement in peritoneal 
fluid drainage, fascial closure rates, or markers of systemic 
inflammation.

A laparostomy registry entitled Open Abdomen Route by 
European Registry of Abdominal Wall Hernias has been 
implemented in 2015 by CAMIN (surgical working group for 
military and emergency surgery) of DGAV (German Society 
for General and Visceral Surgery)52 ACS was the reason for 
open abdomen treatment in 18% of the 82 patients. Average 
duration of open abdomen treatment was 19 days (range 

2–120 days). Small bowel fistula occurred in 8 of the 82 
patients (9.8%); in 2 of these patients occurred after the treat-
ment for ACS.

In the International Register of Open Abdomen (IROA), 
649 adult patients with open abdomen were registered, 2.9% 
after ACS. Entero-atmospheric fistulas developed in 8.9% of 
patients. There was a linear correlation between the days of 
open abdomen and time to nutrition with development of 
entero-atmospheric fistulas.57

Treatment of entero-atmospheric fistulas is very com-
plex; therefore, this complication should be prevented 
whenever possible after decompressive laparotomy:  
by performing fascial closure at the earliest possible 
opportunity.51

Future steps

First, recent reports indicate that a new disease, such as 
COVID-19, and the increasing application of extra-corporeal 
life support in the ICU, may impact the prevalence of IAH 
and its complications.58,59 Further study will follow, but in the 
meantime IAP monitoring may be considered in these new 
clinical contexts.

Second, IAP monitoring should be easier, accessible, 
and preferably continuous. Ball et al. noted in 2006 that 
IAP measurement was routine in the critically ill in their 
hospital and that IAP was considered the “fifth vital sign”.60 
However, this is not standard care in every ICU. When IAP 
measurements become easier and less time-consuming, 
IAP trends may be easily followed and IAP may indeed 
become a vital sign. This will be an opportunity to collect 
an abundance of data, allowing us to learn more about the 
dynamics of IAP in different clinical settings or during 
interventions and individual differences. The development 
and distribution of a cost-effective and continuous IAP 
monitoring device to be used in every ICU should be fol-
lowed closely.

Third, an update in the 2013 WSACS guidelines should be 
considered. A future guideline should focus more on the clini-
cal context accompanying IAP increase than on specific num-
bers, bearing in mind that pathological IAP is a continuum 
and the clinical context ultimately determines the need for 
therapy. Furthermore, the guideline should take into account 
that it is not always possible or practical to measure IAP in 
the supine position and allow for IAP measurement in differ-
ent positions. It is standard of care in the ICU to elevate the 
head-of-bed to 30° to prevent ventilator-associated pneumo-
nia.61 Since IAP increases when the head-of-bed is elevated, 
inaccuracies may occur.9,10 Therefore, we propose a simple 
reference table correcting IAP for head-of-bed position (Table 
6). This reference table should be validated in a prospective 
study where IAP measurements are repeated in different posi-
tions per patient.



8 Scandinavian Journal of Surgery 0(0)

Finally, the consequence of the heterogeneous patient 
population at risk for ACS in combination with the low inci-
dence of ACS is that intervention studies can only be per-
formed in large multi-center studies. A multi-center study 
which randomizes between early decompression surgery 
with open abdomen management and bundles of non-oper-
ative treatment in ACS patients might answer some of the 
many remaining important clinical questions. Furthermore, 
the effect of treatment of IAH on outcome needs further 
study. IAH has consistently been associated with morbidity 
and mortality in observational studies, but it is uncertain 
whether treating or preventing this condition improves 
patient outcomes. A large multi-center trial randomizing 
patients at risk of IAH between bundles of non-operative 
management in IAH (but not ACS) versus no treatment of 
IAH should be performed as soon as possible. We recom-
mend that this study is performed in a homogeneous patient 

population with a relatively high prevalence of IAH, for 
example, in patients with SAP.

Conclusion

Pathological IAP is a continuum ranging from mild IAP eleva-
tions without clinically significant adverse effects to substan-
tial increases in IAP with serious consequences to all organ 
systems in the body. In ACS, increased pressure within the 
abdominal compartment leads to decreased blood flow and 
ultimately to multi-organ failure. IAP monitoring should be 
performed in all patients at risk of IAH. Although continuous 
IAP monitoring is feasible, this is currently not standard prac-
tice. There are a number of effective non-operative medical 
interventions that may be performed early in the patient’s 
course to reduce IAP and decrease the need for surgical 

Table 4. Significant risk factors for ACS among ICU patients adapted from Holodinsky et al.38

Risk factor Patient population Odds ratio (95% CI)

Demographics

 Patient to OR within 75 min of ED admission Trauma 102.7 (9.65–999.9)

Disease severity

 APACHE II score > sample mean of 20.3 Severe acute pancreatitis 1.143 (1.012–1.292)

 Glasgow Imrie score > sample mean of 9.1 Severe acute pancreatitis 1.221 (1.000–1.493)

Metabolic derangement/organ failure

 Temperature ⩽ 34°C Trauma 22.9 (1.39–378.25)

 Hemoglobin ⩽ 80 g/L Trauma 252.2 (9.89–999.9)

 Base deficit ⩾ 12 Trauma 3.5 (1.37–839.50)

 Urine output ⩽ 150 mL in 24 h Trauma 64.1 (5.48–749.68)

 Serum creatinine > sample mean of 217.7 µmol/L Severe acute pancreatitis 1.115 (1.02–1.219)

Shock/hypotension

 Systolic blood pressure < 86 in ED Trauma 4.9 (1.78–13.99)

 GAPCO2 ⩾ 16 Trauma >999.9 (22.1–999.9)

 Cardiac index < 2.6 L/min/m2 Trauma 12.5 (1.02–153.64)

Respiratory status/failure

 Respiratory rate > sample mean of 19.7 breaths/min Severe acute pancreatitis 1.004 (1–1.008)

Resuscitation

 Crystalloid ⩾ 3 L in ED Trauma 23 (6.38–83.10)

 Pre-hospital crystalloid Extremity injury 1.99 (1.07–3.73)

 PRBC ⩾ 3 units in ED Trauma 5.6 (1.03–30.83)

 Crystalloid (L): PRBCs (units) ratio > 1.5:1 Blunt trauma 3.6 (1.3–9.7)

CI: Confidence interval; ACS: abdominal compartment syndrome; OR: operating room; ED: emergency department; APACHE II: acute physiology and 
chronic health evaluation II; GAPCO2: gastric mucosal CO2 minus end tidal CO2; PRBC: packed red blood cells.
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Table 5. IAH/ACS medical management algorithm.4

Adapted with permission according to open access CC BY License 4.0 from Kirkpatrick et al. (https://link.springer.com/article/10.1007/s00134-013-
2906-z).

decompression. Abdominal decompression can be life-saving 
when ACS is refractory to non-operative treatment and should 
be performed expeditiously. The objectives of open abdomen 
management are to prevent fistula and to achieve delayed 

fascial closure at the earliest possible time. There is still a lot 
to learn and change. First and foremost, the 2013 WSACS 
guidelines should be updated and multicentre studies should 
evaluate the effect of IAH treatment on patient outcome.
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