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Abstract

Background The Abdominal Compartment Society (WSACS) established consensus definitions and recommenda-
tions for the management of intra-abdominal hypertension (IAH) and abdominal compartment syndrome (ACS)

in 2006, and they were last updated in 2013. The WSACS conducted an international survey between 2022 and 2023
to seek the agreement of healthcare practitioners (HCPs) worldwide on current and new candidate statements

that may be used for future guidelines.

Methods A self-administered, online cross-sectional survey was conducted under the auspices of the WSACS

to assess the level of agreement among HCPs over current and new candidate statements. The survey, distributed
electronically worldwide, collected agreement or disagreement with statements on the measurement of intra-
abdominal pressure (IAP), pathophysiology, definitions, and management of IAH/ACS. Statistical analysis assessed
agreement levels, expressed in percentages, on statements among respondents, and comparisons between groups
were performed according to the respondent’s education status, base specialty, duration of work experience, role
(intensivist vs non-intensivist) and involvement in previous guidelines. Agreement was considered to be reached
when 80% or more of the respondents agreed with a particular statement.
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Results A total of 1042 respondents from 102 countries, predominantly physicians (73%), of whom 48% were
intensivists, participated. Only 59% of HCPs were aware of the 2013 WSACS guidelines, and 41% incorporated

them into practice. Despite agreement in most statements, significant variability existed. Notably, agreement

was not reached on four new candidate statements: ‘normal intra-abdominal pressure (IAP) is 10 mmHg in critically
ill adults” (77%), “clinical assessment and estimation of IAP is inaccurate” (65.2%), “intragastric can be an alternative

to the intravesical route for IAP measurement” (70.4%), and ‘measurement of IAP should be repeated in the resting
position after measurement in a supine position” (71.9%). The survey elucidated nuances in clinical practice and high-
lighted areas for further education and standardization.

Conclusion More than ten years after the last published guidelines, this worldwide cross-sectional survey collected
feedback and evaluated the level of agreement with current recommmendations and new candidate statements. This
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will inform the consensus process for future guideline development.
Keywords Abdominal pressure, Abdominal hypertension, Abdominal compartment syndrome, Definitions,

Introduction

The World Society of the Abdominal Compartment
Syndrome, founded in 2004, was renamed the Abdomi-
nal Compartment Society (WSACS; www.wsacs.org and
https://wsacs.mn.co) and developed consensus defini-
tions and recommendations for the management of
intra-abdominal hypertension (IAH) and abdominal
compartment syndrome (ACS), which were last updated
in 2013 [1-3]. In the last decade, considerable progress
has been made toward a better understanding of the
pathophysiology, accurate diagnosis and management of
IAH and ACS.

The 2017 knowledge and awareness surveys on intra-
abdominal pressure (IAP), IAH, ACS, and WSACS
guidelines revealed an overall improvement in health-
care practitioner (HCP) awareness of WCACS guidelines
(60.2% vs 28.4%, p<0.01) from the previous 2007 inter-
national survey [4, 5]. However, the level of awareness
of the WSACS guidelines remained low (48% vs 42.7%,
p<0.01), with 18% of respondents never measuring IAP
and 39% relying on clinical examination to diagnose IAH.
Another recent survey in neonatal and pediatric inten-
sive care units (ICUs) revealed the scope of improvement
in awareness and knowledge among clinicians and the
need to develop pediatric-specific diagnostic algorithms
for IAH and ACS [6, 7].

Despite, the 2013 WSACS guidelines is a comprehen-
sive document, it remains to be established whether
global HCPs agree with the definitions and recommen-
dations or whether additional definitions and/or man-
agement approaches are needed. In addition, the current
guidelines lack recommendations for IAP measurement
in patients with an elevated head-of-bed (HOB) posi-
tion [8, 9], in patients who are awake and spontaneously
breathing, or who receive noninvasive ventilation (NIV)
[10]. Additionally, the recommendations are unclear for
continuous vs intermittent IAP measurement [11, 12] or

measurement techniques in patients with open abdomen
management using vacuum-assisted closure (VAC) or
negative pressure wound therapy (NPWT) [13, 14].

Thus, the WSACS collaborated with researchers
internationally in preparation for the revision of the
guidelines. An international cross-sectional survey was
conducted among HCPs worldwide to determine the
level of agreement and feedback on the current guide-
lines and new candidate statements for a future set of
revised consensus guidelines on IAH and ACS.

Methods

Design

We distributed an electronic, international survey under
the aegis of the WSACS between March 2022 and July
2023 (Supplement page 1).

The WSACS is an international, integrated, not-for-
profit organization under Belgian law that aims to pro-
mote the education of medical or paramedical personnel
on IAH, ACS, and all aspects of caring for critically ill
patients with acute abdominal problems, as well as to fos-
ter scientific research in this area. The survey question-
naire was hosted as a live document on SurveyMonkey®,
made available to responders via a web link, was dissemi-
nated through the website (www.wsacs.org), social media
channels of WSACS and the International Fluid Academy
(IFA), and e-mail communication to HCPs registered
as members with the WSACS or IFA under the General
Data Protection Regulation (GDPR) law. The WSACS
Executive Board approved the study, and the STROBE
guidelines were followed to report the findings of this
cross-sectional survey (Supplement pages 2 to 3).

Study population
The survey was open to all HCPs interested in the
research or management of patients with IAH or ACS.


http://www.wsacs.org
https://wsacs.mn.co
http://www.wsacs.org
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Survey questionnaire

The steering committee (PN, MS, and MLNGM) pre-
pared the survey. The survey was divided into three
sections: respondent characteristics; commentary on
statements; and awareness and advocacy of WSACS
missions. The demographic details collected included
education status, medical speciality, country, and dura-
tion of work experience. The statements of the survey
included recommendations of the 2013 WSACS guide-
lines and candidate statements based on the electronic
feedback in 2019 and later on repeated after COVID in
2022, that would that would be tested by a formal con-
sensus method among the expert panel (co-authors)
planning to revise the guidelines. The respondents
agreed or disagreed with the statements, and optional
feedback was collected for each statement. A posi-
tive agreement was defined when 80% or more of the
respondents agreed with a statement. The final sec-
tion collected information on awareness of the WSACS
guidelines, interest in advocacy and guideline processes
and the future of WSACS (Supplement pages 4 to 15).
The steering group pilot tested the survey to assess the
clarity and brevity of the statements.

Ethics approval was waived because of the survey’s
online format, and only healthcare professionals par-
ticipated. The survey and analysis were performed in
accordance with the principles outlined in the Declara-
tion of Helsinki. Completion of the survey implied con-
sent for participation, anonymized data processing, and
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publication of the results. Only deidentified data were
used for analysis.

Statistical analysis

The survey responses are presented as counts (percent-
ages), means (+ standard deviations) and medians (inter-
quartile ranges). A Kolmogorov-Smirnov test was used to
determine whether the data were normally distributed.
Quantitative variables were compared between the study
groups via the Mann-Whitney U test and Kruskal-Wal-
lis test for nonparametric data. The chi-square (x°) test
was performed to compare categorical data. The level of
agreement, expressed in percentages, on statements was
compared between groups according to the respondent’s
education status, medical specialty, duration of profes-
sional experience, and whether they were based on col-
laboration or not in previous guidelines. The mean score
for each domain was also compared on the basis of these
variables. All data analyses were performed via Stata ver-
sion 12.1 (StataCorp LLC, 4905 Lakeway Drive, College
Station, TX, USA).

Results

The survey consisted of 43 statements, which were clas-
sified into broader domains of pathophysiology, defini-
tions, measurement of IAP and management of IAH/
ACS. The survey was completed by 1042 respondents
from 102 countries (Fig. 1), with a median work experi-
ence of 10 (3-20) years. Among those who responded,
737 (71%) were physicians, including 48 (5%) trainees,

Fig. 1 Geographical representation of the respondents of the cross-sectional survey
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and 486 (47%) were intensivists. The base specialties of
the responding physicians were anesthesia (377, 51%),
internal medicine (137, 18%), surgery (139, 19%), pedi-
atrics (55, 7%), and emergency medicine (47, 6%). Many
(552, 53%) respondents were aware of WSACS, and 269
(26%) were long-term members of WSACS. Four hun-
dred twenty-eight (41%) respondents were unaware of
the WSACS 2013 guidelines, the majority (346, 81%)
of whom belong to low- and middle-income coun-
tries. Only 41% of HCPs were using them in their clini-
cal practice at the time of the survey. Most statements
reached the predefined positive agreement level (> 80%)
(Figs. 2 and 3). Positive agreement was not achieved for
the following new candidate statements: “normal IAP is
10 mmHg in critically ill adults” (77%), “clinical assess-
ment and estimation of IAP is inaccurate” (65.2%),
“intragastric route is an alternative to intravesical IAP
measurement” (70.4%), and “measurement of IAP at
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the resting position should be repeated in the supine
position” (71.9%). A comparison between groups on
the basis of education status, base specialty, duration of
professional experience, intensivist vs. non-intensivist,
and collaborators in previous guidelines is presented
in Supplement pages 16 to 26. The relevant comments
from the respondents on the statements are outlined in
the Supplement pages 26 to 56.

Future of WSACS

A total of 1039 (99%) respondents provided feedback
on the future of WSACS, and a clear majority (n=700,
67.4%) felt that society should continue its endeavors
to foster education and training and promote research
on IAH and ACS (Fig. 4). A minority of respondents
felt that WSACS should be part of another society (89,
8.5%).

Pathophysiology of IAH

Statement

Statement
number

Agreement
N (%)

Respiratory abdominal variation test is a non—invasive test assessing RAV during gradual increase in
tidal volume (in mechanically ventilated patients) and provides indirect measure of Cab. 215 (1244 1(f=n)
Abdominal pressure variation is an indirect measure of Cab and can be calculated as (IAPei — 913 (90.5%) 12 (new)
|APee)/IAPmean.
APP is the difference between MAP and IAP and should be kept above 60 mmHg. 917 (89.8%) 3 (new)
: Positional abdominal variation test (PAVT) is a non—invasive test assessing RAV during gradual
~ T | changes in HOB (also in spontaneous breathing) and provides indirect measure of Cab. L (B3 dal{e)
o RAV is an indirect measure of Cab and can be calculated as IAPei — IAPee (delta IAP). 905 (89.4%) 9 (new)
IAP is the steady—state pressure concealed within the abdominal cavity. 908 (88.3%) 2
In the presence of IAH, PTP may be assumed to equal RVP and IAP, and thus GFP can be estimated as 886 (87.9%) 5
difference between MAP and IAP. The FG can then be calculated by the formula, MAP— 2*IAP. )
<70 | 70-75 | 7580 | 80-85 |85-87.5 87.5-9090-925|925-95| >95% | The ab‘dominal cavity/compartment is considered as being primarily fluid in character following 889 (86.7%) 1 (new)
Pascal's law.
o3 . of IAP Statement Agreement Statement
N (%) number
- The normal IAP differs regarding the patient population and anthropometry and can be non— S (6 5
| pathologically increased 10-15 mmHg in obese patients, pregnancy, etc (92%) (new)
| - | Continuous IAP can be used to keep track of changes in IAP during treatment 935 (91.9% 23 (new)
= L . IAP should be expressed in mmHg and measured at end—expiration in the supine position after
3 ensuring that abdominal muscle contractions are absent and with the transducer zeroed at the level 935 (91.4%) 16
- of the midaxillary line
Different techniques exist to perform continuous IAP monitoring (e.g., gastric, bladder, direct). A 0 (.5 5
gold standard yet needs to be identified (89.8%) (new)
The reference standard for intermittent IAP measurement is via the bladder with a maximal S (7 s
instillation volume of 20-25 mL of sterile saline (EF255)
IAP measurement can also be performed in awake or spontaneously breathing patients. 852 (82.9%) 18 (new)
IAP is approximately 5-7 mmHg in healthy adults. Modify: IAP is approximately 5-7 mmHg in healthy 842 (82.1%) 19 (new)
adults
Bladder
?

Fig. 2 Respondents’agreement with statements related to the pathophysiology of intra-abdominal hypertension and measurement
of intraabdominal pressure. MAP: mean arterial pressure, IAP: intrabdominal pressure, FG: filtration gradient, GFP: glomerular filtration pressure, APP:
abdominal perfusion pressure, PTP: proximal tubular pressure, Cab: abdominal compliance, RVP: renal venous pressure, IAPei: IAP end-inspiratory,

|APee: IAP end-expiratory, HOB: head-of-bed, RAV: respiratory-abdominal variation, (new) are candidate statements for future revision of guidelines
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Definitions
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Statement

Agreement
N (%)

Statement
number

The four distinct IAH categories are defined as medical, surgical, trauma or burns 934 (91.6%) 32 (new)
IAH is a continuum and graded as follows: Grade |, IAP 12—15 mmHg, Grade I, IAP 16—20 mmHg, 935 (91.4%) 28
Grade Ill, IAP 21-25 mmHg, and Grade IV, IAP > 25 mmHg )
IAH is defined by a sustained or repeated pathological elevation in IAP >12 mmHg 931 (90.9%) 24
Chronic IAH is defined as IAH that lasts for months or years (e.g., ovarian tumour, ascites, pregnancy) | 926 (90.8%) 35 (new)
Secondary IAH or ACS refers to conditions that do not originate from the abdominopelvic region 910 (89.4%) 30
ACS is an all or nothing phenomenon and defined as a sustained IAP >20mmHg (with or without an 911 (89.1%) 25
APP <60mmHg) that is associated with new organ dysfunction/failure }
Sustained increase in IAP is defined as a pathological value during a minimum of three standardized 909 (89.0%) 2l(rew)
measurements that are performed 1-2 hours apart for ACS and 4—6 hours apart for IAH )
IAH duration can be chronic, acute, subacute or hyperacute 899 (88.2%) 34 (new)
Localised IAH and ACS is defined as a local increase in IAP that does not lead to a systemic elevation 885 (87.5%) 33 (new)
| (e.g., pelvic trauma, liver or spleen trauma) §
| Organ dysfunction/failure is assessed by (a daily) SOFA or equivalent scoring system (qSOFA); organ
y | ‘) \ failure is defined as a SOFA organ system sub—score of >2 R (3 20 (e
o et Primary IAH or ACS is a condition associated with injury or disease in the abdominopelvic region that 885 (86.8%) 29
<70 | 70-75 | 75-80 | 80-85 |85-87.587.5-90|90-925|925-95| >95% | frequently requires early surgical or interventional radiological intervention .
Hyperacute IAH is defined as IAH that only lasts for second or minutes (e.g., coughing, sneezing) 842 (82.6%) 38 (new)
Agreement | Statement |
anagement of IA Statement N (%) number
{ N\
The open abdomen is one that requires a TAC due to the skin and fascia not being closed after
= laparotomy 935 (92.1%) 40
= When left open with a TAC, the open abdomen should be closed as soon as possible (best within one
¥ week) 883 (87.3%) 42 (new)

Fig. 3 Respondents’agreement with statements related to the definition and management of intra-abdominal hypertension and abdominal

compartment syndrome. ACS: abdominal compartment syndrome, IAH: intrabdominal hypertension, IAP: intrabdominal pressure, APP: abdominal
perfusion pressure, SOFA: sequential failure organ assessment, gSOFA: quick SOFA, TAC: temporary abdominal closure, (new) in the parenthesis are
candidate statements for future revision of guidelines

Undecided, 22%

WSACS should be part
of other society, 9%

WSACS can stop now

(retire), 1%

68%

‘WSACS should continue,

Fig. 4 Distribution of respondents’ opinions on the future role of the Abdominal Compartment Society, WSACS: Abdominal Compartment Society
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Discussion

There was positive agreement among HCPs worldwide
over 2013 WSACS recommendations and draft state-
ments on the pathophysiology, definition, measurement
of IAP, and management of IAH and ACS. The new can-
didate statements for which agreement was less broad
included: (1) A normal IAP of 10 mmHg in critically ill
patients, (2) The accuracy of the clinical assessment and
estimation of the IAP, (3) The use of the intragastric route
as an alternative to the intravesical route for IAP meas-
urement, and (4) Patient positioning for measurement
of the IAP. The results of this survey and the comments
will inform the development of future WSACS consensus
guidelines.

IAP and the pathophysiology of IAH

The abdominal cavity can be assumed to be an enclosed
space surrounded by rigid bones (lower ribs, costal arch,
spine and pelvis) and a partially stretchable abdominal
wall [15]. For the measurement of IAP, the abdominal
cavity and its contents can be considered relatively non-
compressible and fluid in character, to which Pascal’s law
can be applied. Pascal’s law states that pressure change at
any point of an enclosed incompressible fluid compart-
ment is equally transmitted to every other point and to
the walls of the compartment. Hence, pressure measured
at one point is representative of pressure throughout the
abdominal cavity, and the IAP can be estimated at vari-
ous locations, including the bladder (most commonly),
stomach, rectum, uterus or inferior vena cava [7, 16, 17].
This oversimplification was challenged by a few respond-
ents, who argued that tissues of different densities, such
as gas and solid (abdominal viscera, stools, etc.), are com-
mon contents of the abdomen. Some respondents even
reported that the IAP is a steady-state pressure within
the abdominal cavity and pointed to physiological vari-
ations during respiration or positive pressure ventilation,
along with routine changes in the abdominal contents
and hydration status.

Abdominal wall compliance (C,;) is a surrogate for
abdominal wall expansion and is determined mainly
by the abdominal wall muscles and, to a lesser extent,
diaphragm elasticity. The C,; is measured by the ratio
of the change in intraabdominal volume (AIAV) to the
change in IAP at the end of expiration (AIAP,,) at a
given time point. For example, if for a 1000 mL increase
in IAV, IAP,, would increase from 10 to 15 mmHg,
the C,, would then be equal to 1000/(15-10), or thus
200 ml/mmHg. As AIAV is usually unknown, tidal
volume (V) excursions in mL can be used instead,
and AIAP can be simplified and further calculated by
the difference between IAP end-inspiration (IAP,)
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and IAP,, [18-20]. The relationship between the IAV
and IAP (pressure-volume curve) of C, is curvilinear,
with an initial phase being linear [21]. On the other
hand, at higher grades of IAH, minor changes in the
IAV produce an exponential increase in the IAP, and
vice versa. The initial position on the pressure-volume
curve is important for determining the actual C, [22,
23]. Abdominal pressure variation (APV) is a noninva-
sive surrogate of C,; and is calculated as a percentage of
the AIAP to the mean IAP. There is an inverse relation-
ship between APV and C,. The respiratory abdominal
variation test (RAVT) measures C,, in patients on inva-
sive mechanical ventilation via the following equation:
tidal volume change (AV)/AIAP,. An incremental
AV (e.g., from 4 over 6 to 8 ml/kg) will only increase
IAP, [18, 24]. In spontaneously breathing patients,
APV produced by gradual changes in the HOB can be
used for C,;, measurement (positional abdominal vari-
ation test) [18, 25]. The emergence of continuous IAP
monitoring techniques will provide further insights
into heart-lung-abdominal interactions. Overall, com-
ments received from respondents for these equations
highlight the need for further clarification and evidence
regarding the clinical utility, validation and measure-
ment methodology of abdominal compliance.

There are four major compartments in the body: the
head, thorax, abdomen, and extremities. The pathological
rise in pressure in one compartment may lead to organ
dysfunction in other compartments because of intercom-
partmental and organ-organ crosstalk interactions, which
is referred to as poly-compartment syndrome (PCS) [26].
The comments about the presence of additional compart-
ments, such as the retroperitoneum, pelvis, and omen-
tum highlight the complexity and diversity of anatomical
compartments that warrant consideration beyond the
four major compartments initially proposed.

The percentage pressure transmission from the thorax
to the abdomen is called the thoracoabdominal index,
and from the abdomen to the thorax, the abdomino-
thoracic index of transmission, which is, on average,
approximately 50% [27-29]. Rapid-onset multiorgan dys-
function may result from PCS and is associated with high
morbidity and mortality [30]. The abdominal perfusion
pressure (APP) is calculated as the difference between the
MAP and the IAP and is a marker of visceral perfusion
and a better predictor of outcomes in critically ill patients
than the IAP alone [31, 32]. There is some evidence for
the superiority of APP- over MAP-targeted resuscitation
in patients with sepsis to prevent a decline in the glomer-
ular filtration rate (GFR) [33, 34]. However, the respond-
ents expressed uncertainty and a lack of evidence for the
target of 60 mmHg for the APP and suggested a more
individualized approach.
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Acute kidney injury (AKI) is a consistent manifesta-
tion of IAH/ACS [34-36]. IAH reduces renal perfusion
pressure (RPP) and the filtration gradient (FG). In normal
individuals, FG is calculated as the difference between the
glomerulus filtration pressure (GFP) and proximal tubu-
lar pressure (PTP). However, in the presence of IAH, the
GFP is dependent on the difference between the mean
arterial pressure (MAP) and the IAP, and the PTP is
approximated as the IAP. Thus, the equation of FG can be
amended as the difference between MAP and two times
the IAD, illustrating the greater impact of IAP on FG [2,
15]. Other proposed formulas for RPP include MAP-
IAP-central venous pressure (CVP), and in mechani-
cally ventilated patients, MAP-IAP-CVP-P,_ .. (where
P ean i the mean alveolar pressure) [37]. IAH may cause
or exacerbate AKI, and new-onset oliguria/anuria may
increase the risk of ACS in patients with IAH [34]. Future
guidelines should include the dynamics and respiratory
variations of IAP measurements and address the impor-
tance of C,;, organ-organ interactions (PCS), the role of
perfusion pressures (APP, RPP) and venous congestion
[38]. Few respondents expressed concern and suggested
further research and evidence to support the validity and
usefulness of the formula in clinical practice, considering
the complexity of equations.

Measurement of the IAP

Some studies have shown a lower accuracy and sensitiv-
ity of the clinical estimation of the IAP than of the quan-
titative measurement of the IAP [39, 40]. However, in this
survey, nearly one-third of the respondents agreed with
the statement that the clinical estimation of IAP is accu-
rate. The respondents commented that clinical assess-
ment may provide useful information in some instances,
but direct measurement of the IAP remains the gold
standard for accuracy. HCPs with less than ten years of
clinical experience, nonintensivists and physicians other
than those from internal medicine and surgery were in
favor of the clinical estimation of IAP. Similar findings
were reported in other cross-sectional surveys on knowl-
edge and awareness of IAH and ACS [4, 5, 41]. In our
opinion, clinical examination not only underestimates
the IAP but also, more importantly, delays the timely
management of IAH and ACS [39]. Our results empha-
size the need for continuous education, advocacy and
awareness about IAH/ACS among HCPs.

IAP measurement through the intravesical route
using an instillation volume of 20-25 ml of sterile saline
is widely used and is currently considered a reference
standard [3]. Despite the agreement, the respondents
expressed divergent opinions on the optimal volume of
saline. The intragastric route using a 50-75 ml instillation
volume has been suggested as a valid alternative for IAP
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measurement [42—44]. However, the statement failed to
reach the desired agreement because the respondents
emphasized the need for further validation, clear guide-
lines, and evidence supporting its use. Bladder or intra-
gastric routes are traditionally the preferred techniques
for continuously monitoring IAP [43]. The WSACS
guidelines recommend intermittent IAP measurement
every 4-6 h in those with suspected or confirmed IAH
or ACS. Recently, newer techniques of continuous IAP
measurement have been tested with conflicting results
[45, 46]. However, some recent results from in vitro, ani-
mal, and first-in-human validation with TraumaGuard
and Serenno devices seem promising [47, 48]. Despite
the use of different methods for the continuous measure-
ment of the IAP, the gold standard has yet to be identified
[16, 17]. Continuous intra-abdominal pressure (CIAP)
monitoring, which offers numerous benefits that enhance
care and outcomes, is essential for managing critically
ill patients in the twenty-first century. CIAP allows real-
time trend monitoring of the IAP, enabling clinicians to
observe dynamic changes and prompt timely interven-
tions to prevent complications. It captures the effects of
body position changes on the IAP, aiding patient man-
agement. The CIAP assesses treatment effectiveness by
showing continuous pressure changes and facilitates the
calculation of continuous abdominal perfusion pressure
(CAPP), ensuring adequate organ perfusion. It helps cal-
culate the area under the curve (AUC) or the time above
a certain IAP threshold (TAT), reflecting the cumulative
pressure time burden of elevated pressures and the sever-
ity of hypertension. The CIAP also helps identify patients
at risk of complications. It provides insights into PCS by
monitoring interactions between different body com-
partments, such as the abdomen, thorax, and brain. The
abdominal-thoracic index (ATI) and thoracoabdominal
index (TAI) can be monitored to understand intercom-
partmental pressure transmission, aiding in optimizing
mechanical ventilation settings [12]. The IAP should be
measured in the supine position at end-expiration, with
the transducer zeroed at the midaxillary level [1]. HOB
elevation can significantly increase the IAP [16, 49, 50].
Nevertheless, the IAP can be measured in an elevated
HOB or prone position, but a consistent body position
should be maintained during serial measurements [51].
Many respondents questioned the relevance and impli-
cations of measuring the IAP in different positions and
suggested standardization of the measurement of IAP,
especially, practicality concerns while measuring in
prone positioning.

Previous WSACS guidelines recommended that
abdominal contractions be absent during IAP measure-
ment [2, 3]. This translates to IAP measurements being
more reliable in a completely sedated and mechanically
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ventilated patient. However, it is a misconception that
patients must be fully asleep or under neuromuscular
blockers to obtain a correct IAP value or that the IAP is
untrustworthy in awake patients or those receiving non-
invasive mechanical ventilation [52]. In this survey, a
greater proportion of intensivists and those who partici-
pated in previous WSACS research or guidelines agreed
with the statement that IAP measurements are trustwor-
thy in awake and spontaneously breathing patients. There
are a few reservations about its accuracy and interpret-
ability, necessitating careful consideration and further
validation.

The baseline IAP varies across individuals, and pre-
vious guidelines recommended a baseline IAP of
5-7 mmHg in critically ill adults [3]. Non-intensivists
and physicians (internal medicine and surgery) favored a
5-10 mmHg baseline IAP for healthy adults. Researchers
have not clearly determined whether healthy adults are
obese or pregnant and have suggested a broader range
for physiological IAP. Some researchers have proposed
modifications to a range of 0-5 mmHg in healthy adults
and emphasized the impact of factors such as body mass
index (BMI) on IAP.

Considering the impact of disease severity and posi-
tion and the impact of interventions such as mechanical
ventilation on critically ill patients, a higher threshold
for normal IAP (~10 mmHg) may be more reasonable.
However, an agreement regarding the statement could
not be reached. There are queries about the evidence
supporting this assertion and concerns about defining a
single value as "normal" for critically ill patients, given the
variability in disease and patient characteristics. A few
respondents proposed a range of 7-12 mmHg. However,
the baseline IAP varies widely, and higher baseline IAP
values of 12-14 mmHg have been reported in morbidly
obese, obstetric, and liver cirrhosis patients with ascites
[52-54].

Definitions

In critically ill patients, IAH is defined as sustained
or recurrent elevation of the IAP equal to or above
12 mmHg [1, 55]. Some respondents suggested defining
“sustained” and “repeated” and increasing the threshold
to more than 15 mmHg because of factors such as high
BMI. Similarly, rather than a specific IAP, respondents
suggested focusing on organ dysfunction (not necessar-
ily using SOFA or quick SOFA score) to define ACS. In
awake, non-critically ill patients without risk factors for
IAH, abdominal muscle activity may transiently increase
the IAP to as high as 20 mmHg [49]. Some laboratory
data support sustained exposure for 90 min to even
slightly elevated IAP, which may increase intestinal per-
meability and mucosal damage in rats [56, 57]. However,
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there is a lack of human data to support the fact that
transient IAP increases to produce any discernible organ
dysfunction. Hence, the diagnosis of IAH/ACS requires a
sustained increase in IAP in three or more measurements
over 1-2 h apart for ACS and 4-6 h apart for IAH. The
respondents suggested the use of a clinical context rather
than an arbitrary duration and more frequent or continu-
ous measurements of IAP in ACS patients to determine
the frequency of measurement. The correlation between
the impact of IAH and severity grade is controversial,
and even lower grades may be associated with a negative
impact on tissue perfusion and patient outcomes such as
length of stay or duration of mechanical ventilation [58].
Thus, the diagnosis of ACS is not dependent solely on the
absolute value of the IAP but also on new-onset organ
dysfunction/failure [53]. The factors that need to be con-
sidered for diagnosis include the technique and context
of IAP measurement, baseline IAP, rapid progression,
and duration of TAH [7].

IAH is characterized by a continuum from asymp-
tomatic elevation of the IAP to life-threatening organ
dysfunction/failure known as ACS, which requires
immediate intervention. Depending on the absolute
value of the IAP, IAH can be graded as Grade I (IAP
12-15 mmHg), Grade II (IAP 16-20 mmHg), Grade III
(IAP 21-25 mmHg), or Grade IV (IAP>25 mmHg) [1,
7]. Few respondents suggested two grades using only a
cutoff of 20 mmHg to simplify and reduce unnecessary
complexity.

IAH can be classified on the basis of etiology, acuity of
onset, and risk factors. Patients with IAH can be broadly
divided into medical, surgical, trauma and burn patients
[59, 60]. Although, ACS is nowadays an uncommon diag-
nosis in critically ill adults (incidence rate of 0.17%), the
associated morbidity and mortality is significantly higher
compared to patients without ACS. Gastrointestinal and
cardiovascular are common etiologies for ACS [61]. IAH
(or ACS) can be defined as primary or secondary, respec-
tively, on the basis of whether the origin of the inciting
condition or disease is within the abdominopelvic region.
Primary IAH caused by abdominal trauma, peritoni-
tis, surgery, intrabdominal masses, or ascites frequently
requires radiological or surgical intervention for its man-
agement [59]. Whereas, secondary IAH is caused by the
systemic causes in the absence of primary intraperitoneal
injury or intervention. Recurrent IAH (or ACS) is charac-
terized by a resurgence after the treatment of primary or
secondary IAH/ACS and has a worse patient prognosis
[62, 63]. Compared with the absolute IAP, the classifica-
tion based on the acuity of onset as hyperacute, acute,
subacute, or chronic is of greater prognostic significance
[64]. However, few respondents expressed ambiguity
in the current classification, especially in overlapping
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conditions, retroperitoneum pathology, and definitions
of radiological intervention.

Future definitions should establish what is meant by
“consecutive” measurements and “sustained” increased
IAP, and this should probably not differ between IAH and
ACS to avoid confusion, especially in light of new contin-
uous IAP monitoring techniques, as discussed previously.
These new monitoring tools also allow us to calculate
other derived parameters, such as the area under the
curve or the time above a certain threshold. Analogous to
increased intracranial pressure, the pressure-time burden
is likely more strongly correlated with adverse outcomes
than a single increased IAP value [65, 66]. Few respond-
ents argued against localized IAH, as it did not manifest
a systemic elevation and suggested revising it to "organ-
specific IAH". Future guidelines must better define and
classify the different distinct types of IAH and ACS.

Management of IAH and ACS

The optimal management of patients with IAH/ACS
should consider the duration and etiology of IAH/ACS,
the presence of an intra-abdominal pathology and/or
the development of local compartment syndrome. The
respondents asked for clarification on “local” compart-
ment syndrome and proposed other considerations, such
as assessing the trajectory or the consequences of the
condition and response to previous therapies for IAH/
ACS. The duration of IAH (or thus the pressure time bur-
den) rather than the development of IAH was found to be
an independent predictor of 60-day mortality in surgical
patients [67]. In another prospective study of critically ill
surgical patients, a longer duration of IAH was associated
with greater serum lactate and organ dysfunction, longer
intensive care unit (ICU) and hospital lengths of stay,
longer durations of vasopressor and ventilator require-
ments and even higher 30-day mortality [68]. The etiol-
ogy of IAH/ACS is another crucial element considered in
the classification of IAH/ACS. The etiology of IAH helps
determine the type and urgency of treatment. A transient
increase in the IAP after elective abdominal hernia repair
may be managed conservatively [69-71]. On the other
hand, a progressively increasing IAP during resuscitation
of a patient in shock, pancreatitis, or peritonitis requires
urgent action (e.g., sedation and/or muscle relaxation
and/or decompression) [7, 72]. The intra-abdominal
cause of IAH/ACS can be an increased intraluminal
or extraluminal volume or decreased abdominal wall
compliance.

Gastric distention due to gas insufflation during gas-
troscopy, increased colonic volume with Clostridium
difficile colitis, or severe constipation are examples of
increased intraluminal volume. IAH in such patients
requires a high index of clinical suspicion, periodic IAP
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measurement and urgent imaging. An increased extra-
luminal volume caused by air, fluid, or blood accumula-
tion is relatively more straightforward to diagnose with
bedside ultrasound or CT. The elasticity of the abdominal
wall and diaphragm determines the C,,. Decreased C,, is
associated with altered body habits (e.g., morbid obesity),
decreased abdominal wall elasticity (e.g., rectus sheath
hematoma, burn eschars, tight bandages or sutures), and
increased abdominal wall volume (e.g., capillary leak-
age in patients with acute pancreatitis, sepsis, burns) [7,
73, 74]. Finally, the urgency of the management of IAH
depends on the degree of organ dysfunction or compart-
ment syndrome. The degree and velocity of the increase
in IAP determine the timing and extent of intervention.

The medical management of IAH/ACS consists of
lowering the intraluminal and extraluminal volume,
improving abdominal wall compliance, and support-
ive management, including organ support and judicious
fluid management [75]. Pharmacological (e.g., prokinet-
ics, enemas) and nonpharmacological (e.g., nasogastric,
rectal, or endoscopic decompression) methods can be
used to reduce the intraluminal volume [3]. Nonsurgical
management for lowering extraluminal volume through
percutaneous drainage of fluid collection was found to be
effective in acute pancreatitis [69], ascites with liver cir-
rhosis [76], and burn patients [77-79] with ACS. Escha-
rotomy in burn patients, the release of tight sutures/
dressing, or a change in body position are a few simple
interventions that can rapidly restore C,, [80, 81].

Fluid management is challenging in patients with
IAH/ACS. Overzealous fluid resuscitation may con-
tribute to fluid accumulation and secondary IAH [74].
Furthermore, ongoing fluid administration to manage
fluid-responsive shock with IAH only improves car-
diac output without improving APP and organ perfu-
sion. Notably, inappropriate fluid therapy may lead to
an increase in the IAP, which closely correlates with the
extracellular water content in critically ill patients and
patients undergoing extra-abdominal surgery [81]. Future
research is needed to identify the best resuscitation tar-
gets and the type, timing and volume of fluids used in
patients with IAH [80]. Some respondents suggested a
greater focus on medical management, explaining the
role of fluid management, including diuresis.

IAH/ACS can impact any organ or present as polycom-
partment syndrome (PCS). Most patients need organ
support, including respiratory and cardiovascular moni-
toring [82]. Decompressive laparotomy decreases the AP
rapidly and significantly by increasing the intra-abdomi-
nal cavity and potentially decreasing the intra-abdominal
volume by removing additional pathological volume (e.g.,
hematoma, ascites, abscess) and is essential for the man-
agement of medically refractory ACS [72, 83]. However,



Nasa et al. World Journal of Emergency Surgery (2024) 19:39

primary fascial closure after decompressive laparotomy
is not possible in many patients with an open abdomen
(OA) [83]. The goals of OA management include the use
of an abdominal cover to protect the bowel from injury
and contamination, continued/continuous monitoring of
the IAP and prevention of IAH recurrence, fluid manage-
ment (ascites and intravenous fluids), and early abdomi-
nal closure [85].

Different techniques for temporary abdominal clo-
sure (TAC) have been described. Wittmann patch (WP)
and negative pressure wound therapy (NPWT), some-
times combined with mesh-mediated fascial traction
in long-term open abdomens, are the most widely used
techniques [85]. Commercially available NPWT is rec-
ommended as the preferred technique for TAC [86].
However, OAs should be closed as early as possible and
preferably within 72 h to one week, or else active consid-
eration for a primary fascial closure at the earliest oppor-
tunity [87]. There is a linear relationship between the risk
of complications, including enterocutaneous and espe-
cially enteroatmospheric fistulae and the duration of OA
[86, 87]. These can be especially difficult to manage and
are best avoided.

Early return to the operating room, limiting fluid over-
load through excessive use of crystalloids, and preventing
and/or treating IAH, enteric fistulae, and intra-abdomi-
nal collections are some of the recommended interven-
tions to facilitate primary fascial closure [87]. Finally,
lateralization of the abdominal muscles (caused by adhe-
sions between the intestine and bowel wall) should be
prevented [89]. However, the respondents commented on
the variations in practices regarding OA, with a focus on
fascia closure alone over both the skin and fascia. Most
respondents preferred early closure, but a few suggested
considerations for resolving the underlying pathology.

Future guidelines should develop a clear medi-
cal management algorithm incorporating medical and
mechanical interventions to reduce intraluminal and
intraabdominal volume to improve C, and organ perfu-
sion by introducing fluid stewardship [84, 90]. Medical
management comes first in patients with secondary IAH/
ACS, and surgical decompression can only be used as a
last resort. The ideal decompression and TAC technique,
as well as the best timing for opening and closing, need to
be defined.

Strengths and limitations

The survey attempts to evaluate the level of agreement
and collect feedback on key statements around current
and potential future WSACS guidelines among HCPs,
encompassing diverse expertise and geographical repre-
sentation. The results of this survey provide broad feed-
back to guide an expert panel in revising the current
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guidelines. The free-text option after each statement pro-
vided valuable insights into the current knowledge gaps
around the diagnosis and management of IAH and ACS,
providing learning points for future education, advocacy,
the creation of guidelines and preclinical and clinical
research. Finally, a sizable representation of the respond-
ents from low- and middle-income countries (n=367,
35%) enhanced the generalizability of our survey.

There are several limitations to this survey. The
response rate could not be calculated because of the
uncertainty in the number of HCPs who may have
received an invitation to complete the survey. Although
only a quarter of the respondents were members of
WSACS, which can be explained by the methods of dis-
tribution of the survey, some remarks could have been
biased regarding the role of WSACS. Although the
respondents had a median work experience of 10 years,
the cognizance of definitions and concepts related to
IAH and ACS and the level of expertise in managing
such patients were not captured. The inherent disad-
vantages of a cross-sectional survey, such as recollection
bias, inability to obtain point prevalence data and failure
to track practice trends, are also applicable to this sur-
vey. Finally, the unavailability of certain medical devices
(e.g., IAP measurement devices), especially in resource-
limited settings, may have caused some bias in the level
of agreement.

Conclusion

This international survey generated valuable comments
and agreement (>80%) was achieved in 39 out of 43 state-
ments on the measurement of IAD, as well as the patho-
physiology, diagnosis, and management of IAH. The
results of this survey and the comments will inform the
development of future WSACS consensus guidelines.
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