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Abstract

Background: Abdominal Compartment Syndrome (ACS) in severely injured patients is
associated with high morbidity and mortality. Many efforts have been made to improve
outcome of patients with ACS. A treatment algorithm for ACS patients was introduced on
January 1, 2005 by the World Society of the Abdominal Compartment Syndrome (WSACS).
The aim of this study was to estimate prevalence and mortality of ACS among severely
injured patients, and to compare the prevalence and mortality before and after January 1, 2005
using a systematic literature review and meta-analysis.

Method: Databases of Embase, Medline (OvidSP), Web-of-science, CINAHL, CENTRAL,
PubMed publisher and Google Scholar were searched for terms related to severely injured
patients and ACS. Original studies reporting ACS in trauma patients were considered eligible.
Data on study design, population, definitions, and outcomes were extracted. Estimates of
overall prevalence and mortality of ACS among severely injured patients were calculated
using inversed variance weighting assuming a random effects model. Tests for heterogeneity
were applied.

Results: A total of 81 publications were included. The overall prevalence of ACS among
severely injured patients was 4.5% (95% Confidence Interval, Cl, 3.5-5.7%; N= 33,455).
Prevalence among severely injured patients admitted to the ICU was estimated 1.2% (95% CI:
0.8-1.7%; N=11,279), and 3.0% (95% CI: 1.7-4.7%; N=5,557) among patients with visceral
injuries and 7.8% (95% CI: 3.9-12.9%; N= 4,687) among patients who underwent trauma
laparotomy. The overall mortality rate among severely injured patients with ACS was 48.3%
(95% ClI, 41.5-55.2%; N=967). No significant change was found in estimated prevalence and

mortality of ACS among severely injured patients before and after January 1, 2015.



Conclusion: The pooled prevalence of ACS among severely injured patients is 4.5%. The
pooled mortality rate of these patients is 48.3%. Modern trauma resuscitation and
introduction of evidence-based treatment algorithms have not resulted in a decrease of

reported prevalence and mortality of ACS among severely injured patients.

Keywords: Intra-abdominal pressure, intra-abdominal hypertension, abdominal compartment

syndrome, prevalence, mortality
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Introduction

Abdominal compartment syndrome (ACS) is a well described, serious complication in
severely injured patients. It is a syndrome of pathologically increased intra-abdominal
pressure (IAP), normally as a result of intra-abdominal hemorrhage, use of large volumes of
resuscitation fluid, or abdominal surgery. The diagnosis of ACS is confirmed if IAP exceeds
20 mmHg (i.e., high grade intra-abdominal hypertension; IAH) in combination with
splanchnic hypoperfusion and subsequent organ dysfunction.

ACS was initially recognized as a typical complication among trauma populations,
although it is also described in many other critically ill patient groups. Even though this
complication is relatively infrequently seen, it should not be missed because of the presumed
high risk of associated morbidity and mortality [1-4].

Many efforts have been made in to improve the outcome of severely injured patients
over passed decades. Several developments in trauma care may have improved the outcome
of ACS patients directly or indirectly. For example, the introduction of damage control
resuscitation has decreased the need for large fluid resuscitation volumes [5]. The shift from
crystalloids to the more liberal use of plasma and colloid or hyperosmolar solutions might
have theoretically decreased the risk of extravasation of administered fluids [6]. More
deliberated use of damage control surgery may have decreased the risk of iatrogenic injury or
additional and unnecessary inflammatory responses [7]. Lastly, vacuum assisted temporary
abdominal closure devices (TAC) have made open abdomen treatment easier and decreased
the risk for secondary intra-abdominal fluid collection, edema formation, and closure
problems [8].

The World Society of the Abdominal Compartment Syndrome (WSACS) critically

reviewed literature regarding these developments and subsequently introduced the Consensus
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Statements and Recommendations using the GRADE methodology. These statements serve as
guidelines for the treatment of patients at risk for IAH/ACS and were first implemented on
January 1, 2005 (but published in 2006) [9]. An updated version of these guidelines provide
physicians with easy-to-use treatment algorithms [10]. The application of these algorithms
have resulted in a decrease of ACS mortality in a mixed population of trauma and non-trauma
patients [11].

It is however unclear to what extent these developments have affected the ACS
prevalence and ACS mortality among severely injured patients. The primary aim of this study
was to determine the prevalence and mortality rate of ACS among severely injured patients,
as well as in three subgroups of 1) severely injured patients admitted to the Intensive Care
Unit (ICU), 2) patients who have sustained visceral injury, and 3) patients who have
undergone trauma laparotomy, based upon available literature. The secondary aim was to
compare prevalence and mortality rates of studies performed before January 1, 2005 with

those performed after that date.



Methods

This systematic literature review was conducted and reported according to the standards set

out in Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [12]

Ethics statement
The current study used secondary data, extracted from readily available literature; therefore,

obtaining research ethics approval was not necessary.

Search Strategy

Databases of Embase, Medline (OvidSP), Web-of-science, Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Cochrane Central Register of Controlled Trials
(CENTRAL), PubMed publisher and Google Scholar were searched from database inception
until February 15, 2015. Searched items consisted of terms related to injury and terms related
to abdominal compartment syndrome. Reference lists of review articles and eligible studies
were reviewed for additional studies that may have been missed (Supplemental Digital

Content; SDC 1).

Manuscript Selection

Titles and abstracts were screened independently by two reviewers (SGS and RAV) for
presence of trauma populations. Inconsistencies were resolved by discussion and consensus.
Studies were included if they met the following inclusion criteria: 1) design: original reports
with primary data; 2) population: presence of injured patients, and 3) outcome: description of
ACS prevalence or ACS mortality numbers or data from which prevalence or mortality rates

among injured patients could be calculated. No language criterion was used. Studies were



excluded if no full text version was available after contacting corresponding authors. Also,
studies restricted to thermally injured patients were excluded, as a systematic review on
prevalence and outcome of IAH and ACS among severely burned patients is already available

[13]. No specific definitions for injured patients or ACS were used as eligibility criterion.

Scientific Level of Evidence

Study classification according to Mahid et al. and the prospective- and retrospective nature of
the studies were collected in order to assess the type and level of evidence of publications;
randomized controlled trials (RCTSs), cohort studies, and case series were found to be eligible
[14]. The patient groups of RCTs were taken together, the pooled study population was

considered one cohort over which prevalence or mortality rate was calculated.

Data Extraction

Data extraction was done independently in duplicate by three reviewers (SGS, OJFVW and
AVVB) using a standardized data sheet. Discordance was resolved by the reviewers
rechecking their extracted data until data sheets corresponded. The following data were
extracted for each publication: name of first author, publication year, years the inclusion
period started and ended, population size (N), type of population, age of population, mean or
median injury severity score (ISS), definition used for ACS, number of ACS patients (or ACS
rate), and mortality rate of ACS patients. Publications using the same patient database in
overlapping periods were identified. Only data from 1) the largest or 2) most recent cohorts

were used.

Data synthesis and statistical analysis



ACS prevalence and mortality rates were computed for each study; they were transformed
using a double arcsine transformation in order to ensure normal distribution [15]. Next, the
transformed rates and 95% confidence intervals were transformed back to prevalence and
mortality rate estimates. Forest plots were constructed with 95% confidence interval for all
studies to show the variation in ACS prevalence and mortality in severely injured patients
across the included studies.

The Cochrane Chi-squared (y%) Q-test was applied in order to test for heterogeneity
(significance set at p < 0.10), and the 12 statistic was calculated in order to quantify the degree
of between-study heterogeneity. This defines the variability percentage in effect estimates that
is due to heterogeneity rather than to chance [16, 17]. An I? statistic greater than 40% was
considered to represent significant heterogeneity.

Data were pooled using a random-effects model for binomial data (DerSimonian—
Laird) [18]. A random-effects model was planned a priori, due to the degree of anticipated
heterogeneity among the eligible studies. If significant heterogeneity was present, subgroup
analyses were planned for ‘severely injured patients admitted on the ICU’, ‘patients with
visceral injuries’ and ‘patients who had undergone emergent trauma laparotomy’.

For the secondary analysis the populations were divided into comparable groups with
a median inclusion year before and after January 1, 2005. This date was used as cutoff, since
the WSACS guideline was first implemented on that date [11]. If the inclusion period was not
specified, the year of publication was used as cutoff date. Differences in ACS prevalence and
mortality rates between the two time periods were tested using a unpaired Student’s t test. A
p-value below 0.05 was considered statistically significant.

Analyses was performed using MetaXL software (Version 2.2; Epigear International
Pty Ltd, Australia; 2011-2015). Student’s t test was calculated using the GraphPad

QuickCalcs web site (http://graphpad.com/quickcalcs/ttestl/?Format=SEM).



Results

Trial identification

The search yielded 5,899 publications. After eliminating duplicates, 3,755 publications
remained. These were reviewed for inclusion and exclusion criteria, and reference lists of
reviews and eligible studies were examined for additional publications. A total of 81
publications was included in this analysis, including three randomized controlled trials, 13
prospective cohort studies, 40 retrospective cohort studies, and 25 case series (Figure 1).
Extracted data of included publications are listed in SDC 2. The search identified no
systematic reviews or meta-analysis regarding prevalence and mortality rate of ACS among
injured patients. Only one previously published literature review listed prevalence and
outcome of ACS among trauma patients in 2009. This study, however, did not describe a
systematic search method [19]. One publication reported sufficient data to calculate annual
prevalence between 2002 and 2007. The annual prevalences of this publication were pooled in
a group before January 1, 2005 and a group after that date. These sub-groups were separately

included to the different pooled populations [11].

Prevalence of ACS in severely injured patients

The pooled prevalence of ACS for 33,455 severely injured patients in 61 publications was
4.5% (95% Confidence Interval, Cl: 3.5-5.7%) with large heterogeneity (1 = 94.5%, 95% Cl
93.6-95.4%) (Figure 2). Prevalence of studies conducted before January 1, 2005 (4.5%; 95%
ClI 3.3-5.9%; 20,891 patients; 41 publications) was not statistically significantly different
from that conducted after that date (4.3%; 95% CI 2.6-6.4%; 12,564 patients; 20 publications;

P=0.823; Table 1).



Given the large heterogeneity, subgroup analyses were performed for. Pooled
prevalence for these subpopulations were 1.2% (95% CI: 0.8-1.7%; 11,279 patients; 9
publications; I2: 75.1%, 95% CI: 51.8-87.1%; Figure 3A) for severely injured patients
admitted to the ICU, 3.0% (95% CI: 1.7%-4.7%; 5,557 patients; 19 publications; 1% 87.1%,
95% CI: 81.2-91.1%; Figure 3B) for patients who have sustained visceral injuries and 7.8%
(95% CI: 3.9%-12.%; 4,687 patients; 14 publications; 1%: 96.6%, 95% CI: 93.6.8-95.4%;
Figure 3C) among severely injured patients who underwent trauma laparotomy. The pooled
prevalence of these subgroups before January 1, 2005 seemed not statistically significantly
different from that conducted after that date, since 95% CI’s overlapped considerably. P-

values were not calculated since 95% CI’s were too skewed.

Mortality of severely injured patients with ACS
The pooled mortality for 967 severely injured patients with ACS in 42 publications was
48.3% (95% CI: 41.5-55.2%) with large heterogeneity (12 = 75.4%, 95% CI: 66.9-81.7%).

Pooled mortality was 47.3% (95% CI: 40.8-53.9%; 668 patients; 32 publications) before

January 1, 2005 and 51.7% (95% CI: 32.3-70.8%; 299 patients; 10 publications) after January

1, 2005 (p=0.598; Table 2).
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Discussion

Even though many efforts have been made the last decade to improve the outcome of ACS
among severely injured patients, no significant effect on prevalence and mortality could be
identified. This was unexpected, especially since the contribution of improved modern trauma
care and the introduction of the Consensus Statements and Recommendations by the WSACS
seem obvious steps forward in trauma care as a whole and in evidence-based treatment of

ACS patients.

An obvious explanation for not finding lower prevalence and mortality rates since 2005 is the
lack of adequate data. On the other hand, if prevalence and mortality rates indeed remained
stable over time, our findings might indicate that modern trauma resuscitation or the WSACS
guidelines are not widely known or applied in published studies. Assuming that the evidence-
based treatment algorithm is effective, it is notable that its use is not frequently described in
included publications. Even definitions of ACS are still not uniformly applied in modern
literature [20]. A large prospective multicenter cohort study would give more clarity on the
subject. Especially the use of specific and relevant inclusion criteria and uniform definitions
would improve the quality of estimated prevalence and mortality of ACS among severely

injured patients.

The current systematic review and meta-analysis has certain limitations due to the inherent
biases of the included studies. The findings should thus be interpreted with caution. The
studies had different study designs (i.e., RCT, longitudinal cohort study, or case series),
diverse populations, and used different definitions of ACS. This partly explains the large

between-study heterogeneity, and again outlines the need for more rigorous and uniform
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definitions in future studies. Despite these limitation, the strength of the current study is its
robust methodology. It pooled data from 81 studies with a large overall sample size. In an
attempt to minimize bias, multiple authors independently applied the eligibility criteria to the

titles, abstracts, and the full-text of the articles, and subsequently collected data.

In conclusion, the pooled prevalence of ACS among severely injured patients is 4.5%. The
pooled mortality of these patients is 48.3%. Even though many efforts have been made in the
last decade to improve the outcome of ACS among severely injured patients, it has not yet

resulted in a decrease of reported prevalence and mortality rate among these patients.
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Figure 1 — Flowchart

5,899 publications identified

2,144 publications excluded
« Eliminating duplicates

3,755 unique publications identified

3,422 publications excluded
« Screening titles and abstracts

333 eligible publications identified

251 publications excluded

«Screening full text:
- Reviews(n=69)
- No ACS patients specification (n=57)
- No Trauma patients specification (n=48)
- Prevalence / mortality incalculable (n=25)
- No original data (n=20)
- Case reports (n=16)
- Double or overlapping population (n=10)
- Animal study (n=4)
- No full text available (n=3)

81 publications included in review
55 publications of <2005
26 publications of 22005
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Table 1 — Pooled prevalence of abdominal compartment syndrome in severely injured

patients before and after January 1, 2005

Population (N)*  Pooled prevalence 95% ClI P-value

Overall 33,455 4.5% 3.5-5.6%
<2005 19,890 4.6% 3.3-6.0% 0.795

> 2005 13,565 4.3% 2.7-6.2%

ICU patients 11,279 1.2% 0.8-1.7%
< 2005 6,904 1.1% 0.7-1.8% N.D.”

> 2005 4,375 1.1% 0.1-2.9%

Visceral injuries 5,557 3.0% 1.7-4.7%
< 2005 3,059 2.9% 1.6-4.6% N.D.

> 2005 2,498 3.1% 0.1-9.1%

Trauma laparotomy 4,867 7.8% 3.9-12.9%
< 2005 3,850 8.1% 3.5-14.2% N.D.”

>2005 837 6.4% 0.0-20.0%

ACS, Abdominal Compartment Syndrome; ICU, Intensive Care Unit; N.D., Not Determined,

95% CI, 95% Confidence Interval.
Data were pooled using a random-effects model for binomial data.

*Total population in which the pooled prevalence of ACS was calculated.

“Differences between the pooled prevalence < 2005 and > 2005 were tested using an unpaired

t test. When 95% CI’s were too skewed, no p-value was calculated. All differences seem

statistically insignificant since 95% CI’s overlap considerably.
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Table 2 — Pooled mortality rate of abdominal compartment syndrome in severely

injured patients before and after January 1, 2005

Population (N)*  Pooled mortality 95% ClI P-value
Overall 967 48.3% 41.5-55.2%
< 2005 668 47.3% 40.8-53.9% 0.598"
> 2005 299 51.7% 32.3-70.8%

95% CI, 95% Confidence Interval

Pooled mortality rate was calculated using inverse variance weighting and assuming a random

effects model. Double arcsine transformation according to Freeman-Tukey was applied.

*Total population in which the pooled prevalence of ACS was calculated.

“Differences between pooled prevalence and mortality, < 2005 and > 2005 were tested using

an unpaired t test.
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Figure 2 — Forest plot of overall prevalence of ACS among severely injured patients

Study Prev (95% ClI) % Weight
Morris et al. (1993) —_—— 0.15 ( 0.09, 0.22) 1.58
Widergren et al. (1994) - 0.02 ( 0.01, 0.02) 2.00
Howdieshell et al. (1995) 0.17 ( 0.06, 0.31) 1.10
Mayberry et al. (1997) - 0.02 ( 0.01, 0.03) 1.95
Meldrum et al. (1997) —_— 0.14 ( 0.09, 0.21) 1.67
Behrman et al. (1998) —a— 0.02 ( 0.00, 0.04) 1.72
Ivatury et al. (1998) [ —a—+—— 0.03 ( 0.00, 0.08) 1.41
Letoublon et al. (1999) —-— 0.02 ( 0.00, 0.05) 1.64
Maxwell et al. (1999) L] 0.00 ( 0.00, 0.01) 1.98
Barker et al. (2000) -— 0.01 ( 0.00, 0.04) 1.59
Ertel et al. (2000) —t— 0.05 ( 0.03, 0.08) 1.85
Paunescu et al. (2000) - 0.02 ( 0.02, 0.03) 1.99
Beck etal. (2001) | = 0.01 ( 0.00, 0.02) 1.89
Chen et al. (2001) 0.20 ( 0.06, 0.38) 0.92
Garner et al. (2001) -+ 0.01 ( 0.00, 0.02) 1.94
Raeburn et al. (2001) —_— 0.36 ( 0.26, 0.47) 1.45
Balogh et al. (2002) —— 0.09 ( 0.04, 0.14) 1.64
Hongetal. (2002) [ = 0.01 ( 0.00, 0.02) 1.94
Miller et al. (2002) - 0.04 ( 0.03, 0.06) 1.94
Arvieux et al. (2003) —_— 0.10 ( 0.05, 0.17) 1.58
Balogh et al. (2003) . —— 0.15 ( 0.10, 0.21)  1.69

Gaoetal. (2003) | —m— 0.02 ( 0.00, 0.04) 1.79
Goldman et al. (2003) -— 0.01 ( 0.00, 0.03) 1.75
Mohr etal. (2003) | —a—+—— 0.03 ( 0.00, 0.11) 1.12
Velmahos et al. (2003) —— 0.03 ( 0.00, 0.08) 1.46
Cothren et al. (2004) - 0.01 ( 0.01, 0.02) 201
Miller et al. (2004) —.— 0.04 ( 0.02, 0.07) 1.77
Pleva et al. (2004) - 0.02 ( 0.01, 0.03) 1.89

Stoneetal. (2004) | = 0.01 ( 0.01, 0.02) 1.96
Miller et al. (2005) —_— 0.33 ( 0.29, 0.39) 1.86
Prince et al. (2005) - 0.01 ( 0.01, 0.02) 1.96
Kozar et al. (2006) - 0.01 ( 0.00, 0.02) 1.94
Reed et al. (2006) —— 0.05 ( 0.03, 0.09) 1.79
Nicol et al. (2007) —_— 0.17 ( 0.09, 0.26) 1.43
Scalea et al. (2007) B — 0.24 ( 0.16, 0.32) 156
Dissanaike et al. (2008) -+ 0.04 ( 0.03, 0.06) 1.97
Letoublon et al. (2008) —a— 0.02 ( 0.00, 0.05) 1.74
Wei et al. (2008) | - 0.01 ( 0.00, 0.05) 1.50
Cotton et al. (2009) —— 0.05 ( 0.03, 0.08) 1.82
Nellensteijn et al. (2009) —-— 0.01 ( 0.00, 0.05) 1.47
Cheatham et al. (2010) L 0.02 ( 0.02, 0.02) 2.02
Khan et al. (2010) 0.13 ( 0.04, 0.26) 1.13
Balogh et al. (2011) | =— 0.00 ( 0.00, 0.02) 1.47

Giladi et al. (2011) u 0.02 ( 0.01, 0.02) 201

James et al. (2011) —a— 0.03 ( 0.00, 0.07) 1.58

Parks etal. (2011) | = 0.00 ( 0.00, 0.01) 1.93

Saltzherr et al. (2011) - 0.01 ( 0.00, 0.02) 1.73

Al-sharif etal. (2012) | = 0.00 ( 0.00, 0.01) 1.66
——

Maung et al. (2012) 0.02 ( 0.01, 0.04) 184

Neal et al. (2012) — 0.15 ( 0.12, 0.18) 1.90
Ordonez et al. (2012) — 0.11 ( 0.08, 0.15) 1.85
Pando et al. (2012) 0.11 ( 0.00, 0.42) 048
Ali et al. et al. (2013) B — S —— 0.28 ( 0.20, 0.37) 155
Divarci et al. (2013) 0.14 ( 0.00, 0.38) 0.65
Fiard et al. (2013) | ————— 0.04 ( 0.00, 0.15) 0.96
Guidry et al. (2013) —- 0.03 ( 0.01, 0.06) 1.81
Kasotakis et al. (2013) - 0.06 ( 0.05, 0.07) 1.99
Mahmood et al. (2013) -— 0.01 ( 0.00, 0.04) 1.61
Asfar et al. (2014) — 0.03 ( 0.01, 0.08) 1.61
Joseph et al. (2014) - 0.02 ( 0.01, 0.03) 195

Overall ¢ 0.05 ( 0.04, 0.06) 100.00
Q=1082.28, p=0.00, 12=95%




Legend — Figure 2

12, 12-statistic for study heterogeneity; Prev, Prevalence; Q, Cochrans Q-statistic for study
heterogeneity, 95% CI, 95% Confidence Interval

Studies are listen based upon publication year on the y-axis on the left hand side. Prevalence
is shown on the x-axis as fraction. The individual study prevalence and corresponding 95%
Confidence Intervals and study weight as used in the pooled analysis are listen on the y-axis

on the right hand side.
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Figure 3A — Forest plot of prevalence of A) severely injured patients admitted to the
ICU, B) patients with visceral injuries, and C) patients who had undergone trauma

laparotomy

A) Severely injured patients admitted to the ICU

Study Prev (95% CI) % Weight
Maxwell et al. (1999) - 0.00 ( 0.00, 0.01) 1350
Beck etal. (2001) [ —m—— 0.01 ( 0.00, 0.02) 9.28
Garner et al. (2001) —— 0.01 ( 0.00, 0.02) 11.55
Hong et al. (2002) —a— 0.01 ( 0.00, 0.02) 1159
Cothren et al. (2004) _t 0.01 ( 0.01, 0.02) 15.48
Stone et al. (2004) 0.01 ( 0.01, 0.02) 12.46
Reed et al. (2006) 0.05 ( 0.03, 0.09) 6.76
Balogh et al. (2011) —_—t 0.00 ( 0.00, 0.02) 3.23
Giladi et al. (2011) - 0.02 ( 001, 0.02) 16.14
Overall ’ 0.01 ( 0.01, 0.02) 100.00
Q=32.07, p=0.00, 12=75% i
|
0 0.02 0.04 0.06 0.08
B) Patients with visceral injuries
Study : Prev (95% Cl) % Weight

Ivatury et al. (1998) — 0.03 ( 0.00, 0.08) 4.78
Letoublon et al. (1999) 0.02 ( 0.00, 0.05) 5.70
Chen et al. (2001) 0.20 ( 0.06, 0.38) 2.95
Gao et al. (2003) — 0.02 ( 0.00, 0.04) 6.31
Goldman et al. (2003) 0.01 ( 0.00, 0.03) 6.15
Mohr et al. (2003) 0.03 ( 0.00, 0.11) 3.65
Velmahos et al. (2003) — 0.03 ( 0.00, 0.08) 4.96
Kozar et al. (2006) 0.01 ( 0.00, 0.02) 7.00
Nicol et al. (2007) — - 0.17 ( 0.09, 0.26) 4.83

B!
I

*llts

Dissanaike et al. (2008) -l 0.04 ( 0.03, 0.06) 7.11
Letoublon et al. (2008) —— 0.02 ( 0.00, 0.05) 6.12
Wei et al. (2008) | —&—— 0.01 ( 0.00, 0.05) 5.13
Nellensteijn et al. (2009) - 0.01 ( 0.00, 0.05) 5.00
Parksetal. (2011) | ® 0.00 ( 0.00, 0.01) 6.93
Saltzherr et al. (2011) ko 0.01 ( 0.00, 0.02) 6.07
Pando et al. (2012) 0.11 ( 0.00, 0.42) 1.46
Fiard et al. (2013) —_——— 0.04 ( 0.00, 0.15) 3.08
Kasotakis et al. (2013) - 0.06 ( 0.05, 0.07) 7.22
Asfar et al. (2014) 0.03 ( 0.01, 0.08) 556
Overall 0.03 ( 0.02, 0.05) 100.00

Q=138.98, p=0.00, 12=87%

0 005 01 015 02 025 03 035 04



C) Patients who had undergone trauma laparotomy

Study Prev (95% ClI) % Weight
Morris et al. (1993) —_— 0.15 ( 0.09, 0.22) 7.02
Howdieshell et al. (1995) 0 0.17 ( 0.06, 0.31) 5.95
Mayberry et al. (1997) - 0.02 ( 001, 0.03) 7.64
Behrman etal. (1998) | —— 0.02 ( 0.00, 0.04) 7.27
Barker et al. (2000) | #— 0.01 ( 0.00, 0.04) 7.05
Ertel et al. (2000) —a— 0.05 ( 0.03, 0.08) 7.48
Raeburn et al. (2001) = 0.36 ( 0.26, 0.47) 6.78
Miller et al. (2002) - 0.04 ( 0.03, 0.06) 7.61
Arvieux et al. (2003) ——— 0.10 ( 0.05, 0.17) 7.03
Miller et al. (2004) —a— 0.04 ( 0.02, 0.07) 7.36
Miller et al. (2005) — 0.33 ( 0.29, 0.39) 7.50
Prince et al. (2005) - 0.01 ( 0.01, 0.02) 7.65
Khan et al. (2010) L 0.13 ( 0.04, 0.26) 6.02
Joseph et al. (2014) - 0.02 ( 0.01, 0.03) 7.64
Overall 0.08 ( 0.04, 0.13) 100.00

Q=383.25, p=0.00, 12=97%




Legend — Figure 3

12, 12-statistic for study heterogeneity; Prev, Prevalence; Q, Cochrans Q-statistic for study
heterogeneity, 95% CI, 95% Confidence Interval

Studies are listen based upon publication year at the y-axis on the left hand side. Prevalence is
shown on the x-axis as fraction. The individual study prevalence and corresponding 95%
Confidence Intervals and study weight as used in the pooled analysis are listen at the y-axis

on the right hand side.
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Figure 4 — Forest plot of ACS mortality among severely injured patients

Study Prev (95% Cl) % Weight
Smith et al. (1992) - 0.25 ( 0.06, 0.50) 2.49
Morris et al. (1993) = 0.63 ( 0.37, 0.85) 2.49
Bender et al. (1994) —_— 0.18 ( 0.03, 0.40) 254
Widergren et al. (1994) —_—— 041 ( 0.27, 0.56) 3.12
Torrie et al. (1996) 0.40 ( 0.16, 0.66) 2.44
Eddy et al. (1997) — - 0.68 ( 051, 0.82) 2.98
Meldrum et al. (1997) — =1 0.29 ( 0.11, 0.50) 2.69
Chang et al. (1998) o 0.62 ( 0.33, 0.86) 2.33
Cheatham et al. (1999) 0.58 ( 0.29, 0.85) 2.27
Maxwell et al. (1999) 0.67 ( 0.24, 0.98) 1.68
Cheatham et al. (2000) — - 0.73 ( 062, 0.82) 3.29
Ertel et al. (2000) o 0.35 ( 0.14, 0.60) 2.54
Kopelman et al. (2000) 0.67 ( 0.24, 0.98) 1.68
Paunescu et al. (2000) —_— 0.70 ( 0.53, 0.84) 2.96
Beck et al. (2001) - 1.00 ( 0.50, 1.00) 1.15
Chenetal. (2001) [ #——— 0.00 ( 0.00, 0.32) 1.53
Raeburn et al. (2001) — - 0.43 ( 0.25, 0.62) 2.87
Tremblay et al. (2001) 0.58 ( 0.29, 0.85) 227
Balogh et al. (2002) o 0.55 ( 0.24, 0.83) 2.19
Gracias et al. (2002) 0.60 ( 0.14, 0.98) 1.53
Hong et al. (2002) 050 ( 0.11, 0.89) 1.68
Arvieux et al. (2003) 0.36 ( 0.10, 0.67) 2.19
Mayberry et al. (2003) 0.22 ( 0.01, 0.56) 2.03
Cothren et al. (2004) P — 0.39 ( 0.23, 0.55) 3.01
Pleva et al. (2004) o 0.25 ( 0.01, 0.61) 1.93
Stone et al. (2004) 0.60 ( 0.28, 0.89) 2.11
Britt et al. (2005) 0.60 ( 0.28, 0.89) 2.11
Rodas et al. (2005) [ #——mo——— 0.00 ( 0.00, 0.32) 153
Reed et al. (2006) o 0.42 ( 0.15, 0.71) 2.27
Dissanaike et al. (2008) —_— 0.72 ( 0.58, 0.85) 3.09
Madigan et al. (2008) ——a— 0.60 ( 0.46, 0.74) 3.14
Parsak et al. (2008) B —— 0.34 ( 0.18, 0.53) 2.89
Koss et al. (2009) B — 0.22 ( 007, 0.41) 275
Cheatham et al. (2010) — - 0.49 ( 0.39, 0.60) 3.36
Duchesne et al. (2010) [ #——— 0.00 ( 0.00, 0.32) 153
Khan et al. (2010) —_— 1.00 ( 0.68, 1.00) 1.53
Shekhei et al. (2011) —_— 0.82 ( 0.65, 0.94) 2.87
Ding et al. (2012) — 0.21 ( 0.09, 0.35) 3.05
Harrell et al. (2012) — 0.67 ( 0.56, 0.76) 3.34
Pandoetal. (2012) | = 0.00 ( 0.00, 1.00) 0.60
Ali et al. (2013) —_— 0.82 ( 0.65, 0.94) 2.87
Rencuzogullari et al. (2013) —_— 0.30 ( 0.17, 0.45) 3.06
Overall 0.48 ( 0.42, 0.55) 100.00

Q=166.72, p=0.00, 12=75%




Legend — Figure 4

12, 12-statistic for study heterogeneity; Prev, Prevalence of mortality; Q, Cochrans Q-statistic
for study heterogeneity, 95% CI, 95% Confidence Interval

Studies are listen based upon publication year on the y-axis at the left hand side. Mortality
rate is shown at the x-axis as fraction. The individual study mortality and corresponding 95%
Confidence Intervals and study weight as used in the pooled analysis are listen on the y-axis

at the right hand side.
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SDC 1 — Search strategy

Database

Query

Hits

Unique

Embase

Medline (OvidSP)

Web-of-science

CINAHL

CENTRAL

PubMed publisher

Google scholar

Hand search

(‘abdominal compartment syndrome'/exp OR 'intraabdominal hypertension'/exp OR
‘abdominal pressure'/exp OR (‘compartment syndrome'/exp AND (‘abdominal injury'/exp OR
‘abdominal disease'/exp OR 'abdomen'/exp)) OR "abdominal hypertension'/exp OR 'abdominal
decompression'/exp OR 'lower body negative pressure'/exp OR (((abdomin* OR
intraabdomin*) NEXT/1 (compartment* OR hypertens* OR pressure* OR decompressi*))
OR 'visceral edema' OR 'visceral oedema’)) AND (injury/exp OR traumatology/exp OR
‘'emergency ward'/exp OR 'emergency medicine'/exp OR emergency/exp OR 'emergency
surgery'/exp OR 'emergency health service'/exp OR 'emergency treatment'/exp OR (injur* OR
wound* OR trauma* OR penetrat* OR emergen*):ab,ti) NOT ([animals]/lim NOT
[humans]/lim)

(‘abdominal compartment syndrome'/exp OR ‘intraabdominal hypertension’/exp OR
‘abdominal pressure'/exp OR (‘compartment syndrome'/exp AND (‘abdominal injury'/exp OR
‘abdominal disease'/exp OR 'abdomen'/exp)) OR "abdominal hypertension'/exp OR 'abdominal
decompression'/exp OR 'lower body negative pressure'/exp OR (((abdomin* OR
intraabdomin*) NEXT/1 (compartment* OR hypertens* OR pressure* OR decompressi*))
OR 'visceral edema' OR 'visceral oedema’)) AND (injury/exp OR traumatology/exp OR
‘'emergency ward'/exp OR 'emergency medicine'/exp OR emergency/exp OR ‘emergency
surgery'/exp OR 'emergency health service'/exp OR 'emergency treatment'/exp OR (injur* OR
wound* OR trauma* OR penetrat* OR emergen*):ab,ti) NOT ([animals]/lim NOT
[humans]/lim)

TS=(((((abdomin* OR intraabdomin*) NEAR/1 (compartment* OR hypertens* OR pressure*
OR decompressi*)) OR "visceral edema" OR "visceral oedema™)) AND ((injur* OR wound*
OR trauma* OR penetrat* OR emergen*®)) NOT ((animal* OR porcine OR swine OR pig OR
rat OR mouse OR mice OR rats OR murine OR dog OR dogs OR rabbit* OR horse* OR
equin* OR cat OR cats OR cow OR cows OR bovine) NOT (human* OR patient*)))

(MH "Abdominal Compartment Syndrome+" OR (MH "Compartment Syndromes+" AND
(MH "Abdominal Injuries+" OR MH abdomen+)) OR (((abdomin* OR intraabdomin*) N1
(compartment* OR hypertens* OR pressure* OR decompressi*)) OR "visceral edema" OR
"visceral oedema™)) AND (MH "Wounds and Injuries+" OR MH Traumatology+ OR MH

"Emergency Medical Services+" OR MH "emergency medicine+" OR MH emergencies+

OR MH "Emergency Treatment (Non-Cinahl)+" OR (injur* OR wound* OR trauma* OR

penetrat* OR emergen*)) NOT (MH animals+ NOT MH humans+)

((((abdomin* OR intraabdomin*) NEXT/1 (compartment* OR hypertens* OR pressure* OR
decompressi*)) OR 'visceral edema’ OR 'visceral oedema'’)) AND ((injur* OR wound* OR
trauma* OR penetrat* OR emergen*):ab,ti)

(Intra-Abdominal Hypertension[mh] OR (Compartment Syndromes[mh] AND (Abdominal
Injuriesfmh] OR abdomen[mh])) OR intraabdominal compartment*[tiab] OR intra abdominal
compartment*[tiab] OR intraabdominal hypertens*[tiab] OR intra abdominal hypertens*[tiab]
OR intraabdominal pressure*[tiab] OR intra abdominal pressure*[tiab] OR "visceral
edema[tiab] OR "visceral oedema"[tiab]) AND ("Wounds and Injuries"[mh] OR injuries[sh]
OR Traumatology[mh] OR Emergency Medical Services[mh] OR emergency medicine[mh]
OR emergenciesfmh] OR Emergency Treatment[mh] OR (injur*[tiab] OR wound*[tiab] OR
trauma*[tiab] OR penetrat*[tiab] OR emergen*[tiab])) NOT (animals[mh] NOT
humans[mh]) AND publisher[sb]

"abdominal|intraabdominal compartment|hypertension|pressure|decompression”|"visceral
edemaloedema” injurylinjuriesjwound|wounds|traumalpenetratinglemergency|emergencies

Reference lists

2,808

1,207

1,330

297

36

12

200*

2,785

245

569

79

58

Total

5,899

3,755

#First 200 hits.

Databases searched on February 15, 2015
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SDC 2 - Data overview of included studies on prevalence and mortality of abdominal compartment syndrome in trauma patients

Publication Study period (0] Pro/Retro N Population [Type] Population [Age]* 1SS™ ACS [definition] ACS [prevalence] ACS [mortality]
Smith (1992)[21] 1988-1990 5 Retro 16  Laparostomy 32 (19-51) 29 (16-57) Massive visceral edema N.S. 4 (25%)
Morris (1993)[22] 1984-1992 3 Retro 107 DCS 32 33 Tense abdomen + OD 16 (15%) 10 (63%)
Bender (1994)[23] 1986-1991 5 Retro 17 ACS 35 (16-58) 34.2 (25-75) Not able to close abdomen N.S. 3 (18%)
Widergren (1994)[24] 1987-1936 3 Retro 2,500 ACS 35 (+18) 30 (x12) Elevated IAP + OD 46 (2%) 19 (41%)
Howdieshell (1995)[25] 1988-1992 3 Retro 36 TL Range 13-75 30 (13-50) IAP + renal failure 6 (17%) N.S.
Torrie (1996)[26] 1988-1993 5 Retro 15 Trauma ACS N.S. 34 (19-50) Not able to close abdomen N.S. 6 (40%)
Eddy (1997)[27] 1984-1996 5 Retro 34 ACS 30 (+12) (16-58) 33 (x11) Tense abdomen + OD N.S. 23 (68%)
Mayberry (1997)[28] 1989-1996 3 Retro 805 TL 37 (£17); 38 (x15) 34 (x13); 30 (+14) Elevated IAP + OD 18 (2%) N.S.
Meldrum (1997)[29] 1994-1995 3 Pro 145 1SS >15 39 (+9) (17-59) 26 (+6) IAP >20 mmHg + OF 21 (14%) 6 (28%)
Behrman (1998)[30] 1994-1996 3 Retro 171 TL 30 30 (£7); 21 (x10) IAP >25 mmHg 3 (2%) N.S.
Chang (1998)[31] 1995-1996 5 Pro 13 IAH 37 (+20) 27 (+13) IAP >25 mmHg OD N.S. 8 (62%)
Ivatury (1998)[32] 1992-1996 3 Retro 70  Penetrating injury 28 (£9) 22 (9) IAH + OD 2 (3%) N.S.
Cheatham (1999)[33] 1997-1998 5 Pro 12 Laparostomy 51 (+16) (18-71) 32 (x12); 39 (+19) N.S. N.S. 7 (58%)
Letoublon (1999)[34] 1985-1998 3 Retro 130  Blunt hepatic injury 32 (+14) (7-74) N.S. N.S. 2 (2%) N.S.
Maxwell (1999)[35] 1997-1998 5 Retro 1,216  Trauma ICU 36 (+7) (15-63) 25 (+3) Laparostomy. no abd. injury 6 (1%) 4 (67%)
Barker (2000)[36] 1992-1999 3 Retro 112 TL 39 (+17) (5-80) 28 (+14) (5-75) Elevated IAP + OD 1 (1%) N.S.
Cheatham (2000)[37] 1997-1999 5 Retro 73 ICU and IAH 51 (+19) 33 (+16) IAP >25 mmHg + OD N.S. 53 (73%)
Ertel (2000)[38] 1991-1998 3 Pro+Retro 311 DCL 38 (1) 30 (+0.7) Tense abdomen + OD 17 (6%) 6 (35%)
Kopelman (2000)[39] N.S. 5 Retro 6 ACS 46 (6) 17 N.S. N.S. 4 (67%)
Paunescu (2000)[40] 1992-1999 3 Retro 1,456  Polytrauma N.S. N.S. N.S. 33 (2%) 23 (68%)
Beck (2001)[1] 1994-1999 5 Pro 406  Pediatric ICU 0;2;3 N.S. IAP >15 mmHg + OD 3 (1%) 3 (100%)
Chen (2001)[41] 1998-1999 5 Pro 25  Blunt hepatic injury 30 (£9) (15-54) 20 (£5) (9-41) IAP >25cmH20 5 (20%) 0 (0%)
Garner (2001)[42] 1999-2000 3 Retro 698  Trauma ICU 41 (x4.7) 24 (£1.0) Decompression 5 (1%) N.S.
Raeburn (2001)[43] 1996-2000 3 Pro 77 DCS 35 (15-77) 29 (+2) IAP >20 mmHg + OD 28 (36%) 12 (43%)
Tremblay (2001)[44] 1997-2000 5 Retro 12 Laparostomy 36 (+17) (7-81) 24 (£11) Elevated IAP + OD N.S. 7 (58%)
Balogh (2002)[45] 1997-2001 3 Retro 128  Shock resuscitation 41 (15) 28 (£3) Laparostomy. no abd injury 11 (9%) 6 (55%)
Gracias (2002)[46] 1999-2000 5 Retro 5  Laparostomy 35 (+10) 33 (x19) IAH + OF N.S. 3 (60%)
Hong (2002)[47] 1998-1999 3 Pro 706  Trauma ICU 42 (14-90) 18 (1-75) Decompression 6 (1%) 3 (50%)
Miller (2002)[48] 1996-2011 3 Retro 646 TL 40 32 Decompression 26 (4%) N.S.
Arvieux (2003)[49] 1990-2001 3 Retro 109 DCS 34 (+16) 32 (¢15) Intestinal edema 11 (10%) 4 (36%)
Balogh (2003)[50] 1999-2002 3 Retro 152  Severe injury 39 (£1); 41 (x2) 27 (£1); 28 (x2) IAP >25 mmHg + OD 23 (15%) N.S.

Gao (2003)[51] 1988-2000 3 Retro 225  Hepatic injury 28 (7-73) 27 (4-75) N.S. 4 (2%) N.S.
Goldman (2003)[52] 1995-2000 3 Retro 192 Blunt hepatic injury 30 (29) 25 (+15) Decompression 2 (1%) N.S.
Mayberry (2003)[53] 1993-1998 5 Retro 9  Severely injured patient 47 (20-57) 24 (19) Decompression N.S. 2 (22%)
Mohr (2003)[54] 1995-2002 3 Retro 37  Hepatic injury + NOM 33 (16-85) 25 Decompression 1 (3%) N.S.
Velmahos (2003)[55] 1999-2001 3 Pro 78  Hepatic injury 35 (¢12); 35 (+17) 25 (£11); 19 (x10) N.S. 2 (3%) N.S.
Cothren (2004)[56] 1996-2003 3 Retro 2,762  ICU and ISS >15 36 (+4) 33 (+4) IAP >25 mmHg + OD 36 (1%) 14 (39%)
Miller (2004)[57] 2001-2003 3 Pro 212 TL 36 (+15) 34 (£12) N.S. 8 (4%) N.S.
Pleva (2004)[58] 1999-2002 5 Retro 436 Polytrauma N.S. N.S. IAP >25mmHg + OD 8 (2%) 2 (25%)
Stone (2004)[59] 2000-2020 3 Retro 890  Trauma ICU N.S. 25 (+9) (9-45) N.S. 10 (1%) 6 (60%)
Britt (2005)[60] 1997-2003 5 Retro 10 ACS 40 N.S. IAH + OD N.S. 6 (60%)
Miller (2005)[61] 1995-2002 3 Retro 344  TL 36 (+16) 35 (£14) Elevated IAP + OD 115 (33%) N.S.
Prince (2005)[62] 1989-1998 3 Retro 920 TL 32 (+16) 22 (+15) Tense abdomen + OD 12 (1%) N.S.
Rodas (2005)[63] 2002-2004 5 Retro 5 ACS 32 (#7) 21 (+4) Decompr. improved OD N.S. 0 (0%)
Kozar (2006)[64] 2000-2006 3 Retro 699  Blunt hepatic injury 33 (14-90) 27 (+11); 25 (+11) N.S. 5 (1%) N.S.
Reed (2006)[65] 2004-2005 5 Retro 226 Trauma ICU 36 (+16) 22 IAP >20mmHg 12 (5%) 5 (42%)
Nicol (2007)[66] 1996-2004 3 Retro 72 Hepatic injury + packing 30 (14-68) N.S. N.S. 12 (17%) N.S.
Scalea (2007)[67] 2001-2004 3 Retro 102  Blunt trauma + brain inj. 30 (¢12) 34 (+13) Laparostomy. no abd. injury 24 (24%) N.S.
Dissanaike (2008)[68] 2004-2007 3 Pro 1,001  Blunt injury 40 (£17); 39 (+18) 34 (+13); 36 (+14) WSACS 43 (4%) 31 (72%)
Letoublon (2008)[69] 1994-2005 3 Retro 186  Blunt hepatic injury + NOM 33(7-81) N.S. N.S. 4 (2%) N.S.
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Madigan (2008)[70] 2001-2005 5 Retro 48 ACS 41 (x17) 26 (£9) WSACS N.S. 29 (60%)
Parsak (2008)[71] 1998-2005 5 Pro 29  1AP >10mmHg 56 (+16) (20-88) N.S. WSACS N.S. 10 (35%)
Wei (2008)[72] 2001-2006 3 Retro 87  Splenic injury 38 (+14); 47 (+19) 34 (£12); 29 (+11) N.S. 1 (1%) N.S.
Cotton (2009)[73] 2004-2008 2 Pro 266  Massive transfusion 39 (+18); 36 (x16) 28 (+16) 33 (+16) IAP >25mmHg + OF 14 (5%) N.S.
Koss (2009)[74] 2004-2007 3 Retro 23 ACS 40 (+21) (13-85) 32 (+11) (9-50) N.S. N.S. 5 (22%)
Nellensteijn (2009)[75] 1990-2008 3 Retro 80  U18 + blunt hepatic injury 12 (2-18) 16.5 (4-57); 16.0 (4-41) N.S. 1 (1%) N.S.
Cheatham (2010)[11] 2002-2007 3 Retro 4,938  Laparostomy 40 (£17); 49 (£19) 23 (+11); 30 (+14) WSACS 95 (2%) 47 (45%)
Duchesne (2010)[76] 2009-2009 5 Pro 5 ACS 36 (£17) 29 (£9) WSACS N.S. 0 (0%)
Khan (2010)[2] 2006-2007 3 Pro 38 TL 35 (+15) (18-85) N.S. WSACS 5 (13%) 5 (100%)
Balogh (2011)[77] 2007-2009 3 Pro 81 ICUand ISS >15 41 (x2) 29 (£1) WSACS 0 (0%) N.S.
Giladi (2011)[78] 2004-2006 3 Retro 4,294  Trauma ICU 39 (+18); 40 (+17) 21 (+12.6); 20 (+12.3) IAP >25mmHg + OF 74 (2%) N.S.
James (2011)[79] 2007-2011 2 Pro 109  Massive transfusion 27.6; 35.6; 33.0; 35.7 18; 16; 29.5; 18 N.S. 3 (3%) N.S.
Parks (2011)[80] 2002-2009 3 Retro 591  Blunt hepatic injury N.S. Stratified N.S. 1 (<1%) N.S.
Saltzherr (2011)[81] 1995-2008 3 Retro 177 Hepatic injury 29 (19-38) 22 (10-34) N.S. 1 (<1%) N.S.
Shekhei (2011)[82] N.S. 5 Pro 28 ACS N.S. N.S. N.S. N.S. 23 (82%)
Al-sharif (2012)[83] 2006-2011 3 Retro 139  U18 + ISS >12. no hemorrhage 14 (10-16) 24 (16-30) N.S. 0 (0%) N.S.
Ding (2012)[84] N.S. 5 Retro 39  Laparostomy N.S. N.S. Decompression N.S. 8 (21%)
Harrell (2012)[85] 2004-2009 5 Retro 87 ACS N.S. N.S. WSACS N.S. 58 (67%)
Maung (2012)[86] 2007-2010 3 Retro 309  Trauma ventilation 46 (£18); 45 (+20) 21 (+11); 18 (x11) WSACS 7 (2%) N.S.
Neal (2012)[20] 2003-2008 3 Pro 452 Massive transfusion 41 (£17) 34 (25-43) IAP >25cmH20 + OF 68 (15%) N.S.
Ordonez (2012)[87] 2003-2010 3 Pro 311  Gunshot wounds 30 (+10); 30 (x10) 25 (18-34); 16 (9-25) N.S. 35 (11%) N.S.
Pando (2012)[88] 2005-2010 3 Retro 9  Hepatic injury + NOM N.S. 26 (+8) N.S. 1(11%) 0 (0%)
Ali (2013)[89] 2010-2011 3 Pro 100  Abd. injury + pelvic fracture 27 (5-50) N.S. WSACS 28 (28%) 23 (82%)
Divarci (2013)[90] 2009-2010 3 Retro 14 U18 Abdominal trauma N.S. N.S. IAP >15 mmHg + OD 2 (14%) N.S.
Fiard (2013)[91] 2004-2012 3 Retro 27  Renal injury treated + NOM 27(13-63) N.S. N.S. 1 (4%) N.S.
Guidry (2013)[6] 2007-2012 3 Retro 258  Vascular injury Stratified Stratified N.S. 8 (3%) N.S.
Kasotakis (2013)[92] 2003-2011 3 Retro 1,754  Bluntinjury 44 (+18) 32 (£ 13) (1-75) N.S. 103 (6%) N.S.
Mahmood (2013)[93] 2009-2011 3 Pro 117 Hemorrhagic shock 35 (£ 14) 23 (£ 10) WSACS 1 (1%) N.S.
Rencuzogullari (2013)[94] N.S. 2 Pro 40 ACS N.S. N.S. N.S. N.S. 12 (30%)
Asfar (2014)[95] 2003-2012 3 Pro 117 Blunt hepatic injury 29 (+12) (7-63) N.S. N.S. 4 (3 %) N.S.
Joseph (2014)[96] 2006-2011 3 Retro 799 TL 34 (x17) 20 WSACS 18 (2%) N.S.

ACS, Abdominal Compartment Syndrome; ICU, Intensive Care Unit; IAH, Intra-Abdominal Hypertension; I1AP, Intra-Abdominal Pressure; ISS,

Injury Severity Score; LOE, level of evidence (1 = systematic review with or without meta-analysis, 2 = randomized controlled trial, 3 = Cohort

study, 4 = Case-control study, 5 = case series, 6 = case report, 7 = opinion); N.S., Not Specified; OD, Organ Dysfunction; OF, Organ Failure;

Pro, prospective; Retro, Retrospective; SDC, Supplemental Digital Content; Stratified, population is stratified in multiple groups with differing

ISS or age; TL, Trauma Laparotomy; U18, pediatric population under 18 years of age; WSACS, (according to definitions of the) World Society

of the Abdominal Compartment Syndrome. *Age (mean or median) is shown in years with corresponding standard deviation (SD) or ranges.
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**|SS is shown as mean or median with corresponding SD or ranges unless indicated otherwise. Prevalence and mortality rates are shown as

number with corresponding percentage.

27



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Beck R, Halberthal M, Zonis Z, Shoshani G, Hayari L, Bar-Joseph G. Abdominal
compartment syndrome in children. Ped Crit Care Med 2001;2(1):51-6.

Khan S, Verma AK, Ahmad SM, Ahmad R. Analyzing intra-abdominal pressures and
outcomes in patients undergoing emergency laparotomy. J Emerg Trauma Shock.
2010;3(4):318-25.

Cheatham ML, White MW, Sagraves SG, Johnson JL, Block EF. Abdominal perfusion
pressure: a superior parameter in the assessment of intra-abdominal hypertension. J
Trauma 2000;49(4):621-6; discussion 6-7. Epub 2000/10/19.

Hirshberg A, Wall MJ, Jr., Mattox KL. Planned reoperation for trauma: a two year
experience with 124 consecutive patients. J Trauma. 1994;37(3):365-9. Epub
1994/09/01.

Duchesne JC, Heaney J, Guidry C, McSwain N, Meade P, Cohen M, Schreiber M,
Inaba K, Skiada D, Demetriades D, et al. Diluting the benefits of hemostatic
resuscitation: A multi-institutional analysis. J Trauma Acute Care Surg.
2013;75(1):76-82.

Guidry C, DellaVope J, Simms E, Heaney JB, Guice J, McSwain Jr N, Meade P,
Duchesne JC. Impact of inverse ratios on patients with exsanguinating vascular
injuries: Should more be the new paradigm? J Trauma Acute Care Surg.
2013;74(2):403-10.

Tschoeke SK, Hellmuth M, Hostmann A, Ertel W, Oberholzer A. The early second hit
in trauma management augments the proinflammatory immune response to multiple

injuries. J Trauma. 2007;62(6):1396-403; discussion 403-4. Epub 2007/06/15.

28



[8]

[9]

[10]

[11]

[12]

[13]

[14]

Stone PA, Hass SM, Flaherty SK, DeLuca JA, Lucente FC, Kusminsky RE. Vacuum-
assisted fascial closure for patients with abdominal trauma. J Trauma
2004;57(5):1082-6. Epub 2004/12/08.

Malbrain ML, Cheatham ML, Kirkpatrick A, Sugrue M, Parr M, De Waele J, Balogh
Z, Leppaniemi A, Olvera C, Ivatury R, et al. Results from the International Conference
of Experts on Intra-abdominal Hypertension and Abdominal Compartment Syndrome.
I. Definitions. Intensive Care Med. 2006;32(11):1722-32. Epub 2006/09/13.
Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, Malbrain MLNG, De
Keulenaer B, Duchesne J, Bjorck M, Leppaniemi A, Ejike JC, et al. Intra-abdominal
hypertension and the abdominal compartment syndrome: Updated consensus
definitions and clinical practice guidelines from the World Society of the Abdominal
Compartment Syndrome. Intensive Care Med. 2013;39(7):1190-206.

Cheatham ML, Safcsak K. Is the evolving management of intra-abdominal
hypertension and abdominal compartment syndrome improving survival? Crit Care
Med. 2010;38(2):402-7.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis JP, Clarke M,
Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health care interventions:
explanation and elaboration. PLoS medicine. 2009;6(7):e1000100. Epub 2009/07/22.
Strang SG, Van Lieshout EM, Breederveld RS, Van Waes OJ. A systematic review on
intra-abdominal pressure in severely burned patients. Burns. 2014;40(1):9-16. Epub
2013/09/21.

Mahid SS, Hornung CA, Minor KS, Turina M, Galandiuk S. Systematic reviews and
meta-analysis for the surgeon scientist. Br J Surg. 2006;93(11):1315-24. Epub

2006/10/24.

29



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Freeman MF, Tukey JW. Transformations related to the angular and the square root.
Ann Math Stat. 1950;21(4):607-11.

Cochran WG. The combination of estimates from different experiments. Biometrics.
1954;10(1):101-29.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med.
2002;21(11):1539-58. Epub 2002/07/12.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Contr Clin Trials.
1986;7(3):177-88. Epub 1986/09/01.

Balogh ZJ, van Wessem K, Yoshino O, Moore FA. Postinjury abdominal
compartment syndrome: are we winning the battle? World J Surg. 2009;33(6):1134-
41. Epub 2009/04/04.

Neal MD, Hoffman MK, Cuschieri J, Minei JP, Maier RV, Harbrecht BG, Billiar TR,
Peitzman AB, Moore EE, Cohen MJ, et al. Crystalloid to packed red blood cell
transfusion ratio in the massively transfused patient: when a little goes a long way. J
Trauma Acute Care Surg. 2012;72(4):892-8.

Smith PC, Tweddell JS, Bessey PQ. Alternative approaches to abdominal wound
closure in severely injured patients with massive visceral edema. J Trauma.
1992;32(1):16-20.

Morris JA, Jr., Eddy VA, Blinman TA, Rutherford EJ, Sharp KW. The staged
celiotomy for trauma. Issues in unpacking and reconstruction. Ann Surg.
1993;217(5):576-84; discussion 84-6.

Bender JS, Bailey CE, Saxe JM. The technique of visceral packing: recommended
management of difficult fascial closure in trauma patients. J Trauma 1994;36(2):182-

5.

30



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Widergren JT, Battistella FD, Holcroft JW. The open abdomen: treatment for intra-
abdominal compartment syndrome. J Trauma 1994;37:158.

Howdieshell TR, Yeh KA, Hawkins ML, Cue JI, Ledgerwood AM. Temporary
abdominal wall closure in trauma patients: Indications, technique, and results. World J
Surg. 1995;19(1):154-8.

Torrie J, Hill AA, Streat S. Staged abdominal repair in critical illness. Anaesth
Intensive Care. 1996;24(3):368-74.

Eddy V, Nunn C, Morris JA, Jr. Abdominal compartment syndrome. The Nashville
experience. Surg Clin North Am. 1997;77(4):801-12.

Mayberry JC, Mullins RJ, Crass RA, Trunkey DD. Prevention of abdominal
compartment syndrome by absorbable mesh prosthesis closure. Arch Surg (Chicago,
II: 1960). 1997;132(9):957-61; discussion 61-2.

Meldrum DR, Moore FA, Moore EE, Franciose RJ, Sauaia A, Burch JM. Prospective
characterization and selective management of the abdominal compartment syndrome.
Am J Surg. 1997;174(6):667-72; discussion 72-3.

Behrman SW, Bertken KA, Stefanacci HA, Parks SN. Breakdown of intestinal repair
after laparotomy for trauma: incidence, risk factors, and strategies for prevention. J
Trauma. 1998;45(2):227-31; discusion 31-3.

Chang MC, Miller PR, D'Agostino R, Jr., Meredith JW. Effects of abdominal
decompression on cardiopulmonary function and visceral perfusion in patients with
intra-abdominal hypertension. J Trauma. 1998;44(3):440-5.

Ivatury RR, Porter JM, Simon RJ, Islam S, John R, Stahl WM. Intra-abdominal
hypertension after life-threatening penetrating abdominal trauma: prophylaxis,
incidence, and clinical relevance to gastric mucosal pH and abdominal compartment

syndrome. J Trauma. 1998;44(6):1016-21; discussion 21-3.

31



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Cheatham ML, Safcsak K, Block EF, Nelson LD. Preload assessment in patients with
an open abdomen. J Trauma. 1999;46(1):16-22.

Letoublon C, Lachachi F, Arvieux C, Lavagne P, Amroun H, Delannoy P, Faucheron
JL. Current treatment of closed injuries of the liver: benefits and pitfalls. Chirurgie;
memoires de I'Academie de chirurgie. 1999;124(1):20-30.

Maxwell RA, Fabian TC, Croce MA, Davis KA. Secondary abdominal compartment
syndrome: an underappreciated manifestation of severe hemorrhagic shock. J Trauma
1999;47(6):995-9.

Barker DE, Kaufman HJ, Smith LA, Ciraulo DL, Richart CL, Burns RP. Vacuum pack
technique of temporary abdominal closure: a 7-year experience with 112 patients. J
Trauma. 2000;48(2):201-6; discussion 6-7.

Cheatham ML, White MW, Sagraves SG, Johnson JL, Block EF. Abdominal perfusion
pressure: a superior parameter in the assessment of intra-abdominal hypertension. J
Trauma. 2000;49(4):621-6; discussion 6-7.

Ertel W, Oberholzer A, Platz A, Stocker R, Trentz O. Incidence and clinical pattern of
the abdominal compartment syndrome after "damage-control” laparotomy in 311
patients with severe abdominal and/or pelvic trauma. Crit Care Med. 2000;28(6):1747-
53.

Kopelman T, Harris C, Miller R, Arrillaga A. Abdominal compartment syndrome in
patients with isolated extraperitoneal injuries. J Trauma. 2000;49(4):744-7; discussion
7-9.

Paunescu V, Popescu C. Acute abdominal compartment syndrome in politraumatised
patients. Proc Eurosurg 2000. 40128 Bologna: Medimond S R L; 2000. p. 295-7.
Chen RJ, Fang JF, Chen MF. Intra-abdominal pressure monitoring as a guideline in

the nonoperative management of blunt hepatic trauma. J Trauma 2001;51(1):44-50.

32



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Garner GB, Ware DN, Cocanour CS, Duke JH, McKinley BA, Kozar RA, Moore FA.
Vacuume-assisted wound closure provides early fascial reapproximation in trauma
patients with open abdomens. Am J Surg. 2001;182(6):630-8.

Raeburn CD, Moore EE, Biffl WL, Johnson JL, Meldrum DR, Offner PJ, Franciose
RJ, Burch JM. The abdominal compartment syndrome is a morbid complication of
postinjury damage control surgery. Am J Surg. 2001;182(6):542-6.

Tremblay LN, Feliciano DV, Schmidt J, Cava RA, Tchorz KM, Ingram WL,
Salomone JP, Nicholas JM, Rozycki GS. Skin only or silo closure in the critically ill
patient with an open abdomen. Am J Surg. 2001;182(6):670-5.

Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Holcomb JB, Ware DN, Moore
FA. Secondary abdominal compartment syndrome is an elusive early complication of
traumatic shock resuscitation. Am J Surg. 2002;184(6):538-43; discussion 43-4.
Gracias VH, Braslow B, Johnson J, Pryor J, Gupta R, Reilly P, Schwab CW.
Abdominal compartment syndrome in the open abdomen. Arch Surg (Chicago, IlI:
1960). 2002;137(11):1298-300.

Hong JJ, Cohn SM, Perez JM, Dolich MO, Brown M, McKenney MG. Prospective
study of the incidence and outcome of intra-abdominal hypertension and the
abdominal compartment syndrome. Br J Surg. 2002;89(5):591-6.

Miller PR, Thompson JT, Faler BJ, Meredith JW, Chang MC. Late fascial closure in
lieu of ventral hernia: the next step in open abdomen management. J Trauma.
2002;53(5):843-9.

Arvieux C, Cardin N, Chiche L, Bachellier P, Falcon D, Letoublon C, Alliot P, Batoko
A, Bouchard F, Caillot JL, et al. Damage control laparotomy for haemorragic
abdominal trauma. A retrospective multicentric study about 109 cases. Annales De

Chirurgie. 2003;128(3):150-8.
33



[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Cox CS, Moore FA. Patients with
impending abdominal compartment syndrome do not respond to early volume loading.
Am J Surg. 2003;186(6):602-7; discussion 7-8.

Gao JM, Du DY, Zhao XJ, Liu GL, Yang J, Zhao SH, Lin X. Liver trauma:
Experience in 348 cases. World J Surg. 2003;27(6):703-8.

Goldman R, Zilkoski M, Mullins R, Mayberry J, Deveney C, Trunkey D. Delayed
celiotomy for the treatment of bile leak, compartment syndrome, and other hazards of
nonoperative management of blunt liver injury. Am J Surg. 2003;185(5):492-7.
Mayberry JC, Welker KJ, Goldman RK, Mullins RJ. Mechanism of acute ascites
formation after trauma resuscitation. Arch Surg 2003;138(7):773-6.

Mohr AM, Lavery RF, Barone A, Bahramipour P, Magnotti LJ, Osband AJ, Sifri Z,
Livingston DH. Angiographic embolization for liver injuries: low mortality, high
morbidity. J Trauma. 2003;55(6):1077-81; discussion 81-2.

Velmahos GC, Toutouzas K, Radin R, Chan L, Rhee P, Tillou A, Demetriades D.
High success with nonoperative management of blunt hepatic trauma: the liver is a
sturdy organ. Arch Surg (Chicago, Ill: 1960). 2003;138(5):475-80; discussion 80-1.
Cothren CC, Moore EE, Ciesla DJ, Johnson JL, Moore JB, Haenel JB, Burch JM.
Postinjury abdominal compartment syndrome does not preclude early enteral feeding
after definitive closure. Am J Surg. 2004;188(6):653-8.

Miller PR, Meredith JW, Johnson JC, Chang MC. Prospective evaluation of vacuum-
assisted fascial closure after open abdomen: planned ventral hernia rate is substantially
reduced. Ann Surg. 2004;239(5):608-14; discussion 14-6.

Pleva L, Sir M, Mayzlik J. Abdominal compartment syndrome in polytrauma.
Biomedical papers of the Medical Faculty of the University Palacky, Olomouc,

Czechoslovakia. 2004;148(1):81-4.
34



[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Stone PA, Hass SM, Flaherty SK, DeLuca JA, Lucente FC, Kusminsky RE. Vacuum-
assisted fascial closure for patients with abdominal trauma. J Trauma Injury Infect Crit
Care. 2004;57(5):1082-6.

Britt RC, Gannon T, Collins JN, Cole FJ, Weireter LJ, Britt LD. Secondary abdominal
compartment syndrome: risk factors and outcomes. Am Surg. 2005;71(11):982-5.
Miller RS, Morris JA, Jr., Diaz JJ, Jr., Herring MB, May AK. Complications after 344
damage-control open celiotomies. J Trauma. 2005;59(6):1365-71; discussion 71-4.
Prince RA, Hoffman CJ, Scanlan RM, Mayberry JC. The distinct and secondary
harmful effect of pelvic and extremity injury on the outcome of laparotomy for
trauma. J Surg Res. 2005;124(1):3-8.

Rodas EB, Malhotra AK, Chhitwal R, Aboutanos MB, Duane TM, Ivatury RR.
Hyperacute abdominal compartment syndrome: an unrecognized complication of
massive intraoperative resuscitation for extra-abdominal injuries. Am Surg.
2005;71(11):977-81.

Kozar RA, Moore FA, Cothren CC, Moore EE, Sena M, Bulger EM, Miller CC,
Eastridge B, Acheson E, Brundage SI, et al. Risk factors for hepatic morbidity
following nonoperative management: Multicenter study. Arch Surg 2006;141(5):451-
9.

Reed SF, Britt RC, Collins J, Weireter L, Cole F, Britt LD. Aggressive surveillance
and early catheter-directed therapy in the management of intra-abdominal
hypertension. J Trauma. 2006;61(6):1359-63; discussion 63-5.

Nicol AJ, Hommes M, Primrose R, Navsaria PH, Krige JEJ. Packing for control of

hemorrhage in major liver trauma. World J Surg. 2007;31(3):569-74.

35



[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Scalea TM, Bochicchio GV, Habashi N, McCunn M, Shih D, McQuillan K, Aarabi B.
Increased intra-abdominal, intrathoracic, and intracranial pressure after severe brain
injury: multiple compartment syndrome. J Trauma. 2007;62(3):647-56; discussion 56.
Dissanaike S, Pham T, Shalhub S, Warner K, Hennessy L, Moore EE, Maier RV,
O'Keefe GE, Cuschieri J. Effect of immediate enteral feeding on trauma patients with
an open abdomen: protection from nosocomial infections. J Am Coll Surg.
2008;207(5):690-7.

Letoublon C, Chen Y, Arvieux C, Voirin D, Morra I, Broux C, Risse O. Delayed
celiotomy or laparoscopy as part of the nonoperative management of blunt hepatic
trauma. World J Surg. 2008;32(6):1189-93.

Madigan MC, Kemp CD, Johnson JC, Cotton BA. Secondary abdominal compartment
syndrome after severe extremity injury: are early, aggressive fluid resuscitation
strategies to blame? J Trauma. 2008;64(2):280-5.

Parsak CK, Seydaoglu G, Sakman G, Acarturk TO, Karakoc E, Hanta I, Alparslan
AH, Satar S. Abdominal compartment syndrome: current problems and new strategies.
World J Surg. 2008;32(1):13-9.

Wei B, Hemmila MR, Arbabi S, Taheri PA, Wahl WL. Angioembolization reduces
operative intervention for blunt splenic injury. J Trauma Injury Infect Crit Care.
2008;64(6):1472-7.

Cotton BA, Au BK, Nunez TC, Gunter OL, Robertson AM, Young PP. Predefined
massive transfusion protocols are associated with a reduction in organ failure and
postinjury complications. J Trauma. 2009;66(1):41-8; discussion 8-9.

Koss W, Ho HC, Yu M, Edwards K, Ghows M, Tan A, Takanishi DM, Jr. Preventing
loss of domain: a management strategy for closure of the "open abdomen™ during the

initial hospitalization. J Surg Educat. 2009;66(2):89-95.
36



[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

Nellensteijn D, Porte RJ, Van Zuuren W, Ten Duis HJ, Hulscher JBF. Paediatric blunt
liver trauma in a Dutch level 1 trauma center. Eur J Ped Surg. 2009;19(6):358-61.
Duchesne JC, Howell MP, Eriksen C, Wahl GM, Rennie KV, Hastings PE, McSwain
NE, Jr., Malbrain ML. Linea alba fasciotomy: a novel alternative in trauma patients
with secondary abdominal compartment syndrome. Am Surg. 2010;76(3):312-6.
Balogh ZJ, Martin A, van Wessem KP, King KL, Mackay P, Havill K. Mission to
eliminate postinjury abdominal compartment syndrome. Arch Surg (Chicago, IlI:
1960). 2011;146(8):938-43.

Giladi AM, Dossett LA, Fleming SB, Abumrad NN, Cotton BA. High-dose
antioxidant administration is associated with a reduction in post-injury complications
in critically ill trauma patients. Injury. 2011;42(1):78-82.

James MFM, 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(5):693-702.

Parks NA, Davis JW, Forman D, Lemaster D. Observation for nonoperative
management of blunt liver injuries: How long is long enough? J Trauma Injury Infect
Crit Care. 2011;70(3):626-9.

Saltzherr TP, Van Der Vlies CH, Van Lienden KP, Beenen LFM, Ponsen KJ, Van
Gulik TM, Goslings JC. Improved outcomes in the non-operative management of liver
injuries. HPB. 2011;13(5):350-5.

Shekhei RA, Heydari M, Shahbazi S. Comparison of intra-abdominal pressure
measurement and physical exam for diagnosis of surgery indication in patients with
abdominal compartment syndrome due to blunt trauma. J Kerm Univ Med Sc.

2011;18(3):271-8.
37



[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

Al-Sharif A, Thakur V, Al-Farsi S, Singh RN, Kornecki A, Seabrook JA, Fraser DD.
Resuscitation volume in paediatric non-haemorrhagic blunt trauma. Injury.
2012;43(12):2078-82.

Ding LA, Niu DG, Shao CC, Cheng HG. Laparostomy for treating severe abdominal
infection and truma - 39 cases report and literature review. J Gastroenterol Hepatol.
2012;27(Journal Article):295.

Harrell BR, Melander S. Identifying the association among risk factors and mortality
in trauma patients with intra-abdominal hypertension and abdominal compartment
syndrome. J Trauma Nurs. 2012;19(3):182-9.

Maung AA, Schuster KM, Kaplan LJ, Ditillo MF, Piper GL, Maerz LL, Lui FY,
Johnson DC, Davis KA. Compared to conventional ventilation, airway pressure
release ventilation may increase ventilator days in trauma patients. J Trauma Acute
Care Surg. 2012;73(2):507-10.

Ordonez CA, Badiel M, Pino LF, Salamea JC, Loaiza JH, Parra MW, Puyana JC.
Damage control resuscitation: Early decision strategies in abdominal gunshot wounds
using an easy "aBCD" mnemonic. J Trauma Acute Care Surg. 2012;73(5):1074-8.
Pando E, Ferrer J, Burrel M, Gobbo GDD, Barrufet M, Real MlI, Fuster J, Garcia-
Valdecasas JC. Evaluation of the efficacy of angioembolization in the management of
severe liver trauma. Hospital clinic barcelona case studies. HPB. 2012;14:530.

Ali SR, Mohammad H, Sara S. Evaluation of the relationship between pelvic fracture
and abdominal compartment syndrome in traumatic patients. J Emerg Trauma Shock.
2013;6(3):176-9.

Divarci E, Ergun O, Karapinar B, Yalaz M, Celik A. Can increased intra-abdominal

pressure (IAP) be treated more effectively with intravesical pressure measurement in

38



[91]

[92]

[93]

[94]

[95]

[96]

high-risk patients? Ulusal travma ve acil cerrahi dergisi = Turk J Trauma Emerg Surg
2013;19(6):559-63.

Fiard G, Terrier N, Sengel C, Chodez M, Descotes JL, Rambeaud JJ, Long JA.
Indications, successes and complications of arterial embolization in renal trauma. Eur
Urol Suppl. 2013;12(1):e564.

Kasotakis G, Sideris A, Yang Y, De Moya M, Alam H, King DR, Tompkins R,
Velmahos G. Aggressive early crystalloid resuscitation adversely affects outcomes in
adult blunt trauma patients: An analysis of the Glue Grant database. J Trauma Acute
Care Surg. 2013;74(5):1215-22.

Mahmood I, Mahmood S, Parchani A, Kumar S, EI-Menyar A, Zarour A, Al-Thani H,
Latifi R. Intra-abdominal hypertension in the current era of modern trauma
resuscitation. ANZ J Surg. 2013(Journal Article).

Rencuzogullari A, Yalav O, Dalci K, Eray IC, Parsak CK, Seydaoglu G. Comparison
of early surgical alternatives in the management of open abdomen: A randomized
controlled study. Eur Surg Res. 2013;50(Journal Article):155.

Asfar S, Khoursheed M, Al-Saleh M, Alfawaz AA, Farghaly MM, Nur AM.
Management of liver trauma in Kuwait. Med Princip and Pract. 2014;23(2):160-6.
Joseph B, Zangbar B, Pandit V, Vercruysse G, Aziz H, Kulvatunyou N, Wynne J,
O'Keeffe T, Tang A, Friese RS, et al. The conjoint effect of reduced crystalloid
administration and decreased damage-control laparotomy use in the development of

abdominal compartment syndrome. J Trauma Acute Care Surg. 2014;76(2):457-61.

39



