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Abstract Objective: Intra-abdominal
hypertension (IAH) and abdominal
compartment syndrome (ACS) have
been increasingly recognized in the
critically ill over the past decade. In
the absence of consensus definitions
and treatment guidelines the diagnosis
and management of IAH and ACS
remains variable from institution to
institution. Design: An international
consensus group of multidisciplinary
critical care specialists convened at
the second World Congress on Ab-
dominal Compartment Syndrome to
develop practice guidelines for the di-
agnosis, management, and prevention
of IAH and ACS. Methods: Prior to
the conference the authors developed
a blueprint for consensus definitions
and treatment guidelines which were
refined both during and after the
conference. The present article is the
second installment of the final report
from the 2004 International ACS
Consensus Definitions Conference
and is endorsed by the World Society
of the Abdominal Compartment
Syndrome. Results: The prevalence
and etiological factors for IAH and
ACS are reviewed. Evidence-based
medicine treatment guidelines are
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presented to facilitate the diagnosis
and management of IAH and ACS.
Recommendations to guide future
studies are proposed. Conclusions:
These definitions, guidelines, and

recommendations, based upon research.

Introduction

Intra-abdominal hypertension (IAH) and abdominal
compartment syndrome (ACS) have been increasingly
recognized as causes of significant morbidity and mor-
tality over the past decade [1-24]. Recognition of the
widespread prevalence of elevated intra-abdominal pres-
sure (IAP) in the critically ill, combined with advances in
both the diagnosis and management of IAH and ACS, have
resulted in significant improvements in patient survival
from these evolving clinical syndromes during the same
time period [1-4, 6, 8, 10, 13, 23-27].

IAP measurements are essential to the diagnosis
and management of both TAH and ACS [1, 3, 14, 16,

Table 1 Consensus definitions (/AP intra-abdominal pressure, MAP
mean arterial pressure, APP abdominal perfusion pressure, IAH
intra-abdominal hypertension, ACS abdominal compartment Syn-
drome, FG filtration gradient, GFP glomerular filtration pressure,
PTP proximal tubular pressure)

Definition 1  IAP is the pressure concealed within the abdominal
cavity.

APP=MAP-IAP

FG=GFP-PTP=MAP-2 x IAP

IAP should be expressed in mmHg and measured at
end-expiration in the complete supine position after
ensuring that abdominal muscle contractions are
absent and with the transducer zeroed at the level of
the midaxillary line.

The reference standard for intermittent IAP meas-
urement is via the bladder with a maximal instil-
lation volume of 25 ml sterile saline.

Normal IAP is approx. 5-7 mmHg in critically ill
adults.

IAH is defined by a sustained or repeated patho-
logical elevation in IAP > 12 mmHg.

IAH is graded as follows: grade I: IAP 12-15 mmHg,
grade II: IAP 16-20 mmHg, grade III: IAP 21-25
mmHg, grade IV: IAP > 25 mmHg

ACS is defined as a sustained IAP > 20 mmHg

(with or without an APP < 60 mmHg) that is
associated with new organ dysfunction/failure.
Primary ACS is a condition associated with injury or
disease in the abdomino-pelvic region that frequently
requires early surgical or interventional radiological
intervention.

Secondary ACS refers to conditions that do not
originate from the abdomino-pelvic region.
Recurrent ACS refers to the condition in which ACS
redevelops following previous surgical or medical
treatment of primary or secondary ACS.

Definition 2

Definition 3

Definition 4

Definition 5

Definition 6
Definition 7

Definition 8

Definition 9

Definition 10

Definition 11

Definition 12

current best evidence and expert
opinion are proposed to assist clini-
cians in the management of IAH and
ACS as well as serve as a reference
for future clinical and basic science

Keywords Abdominal pressure -
Abdominal hypertension - Abdominal
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17, 28-34]. Standardized techniques for IAP measure-
ment as well as consensus definitions and treatment
recommendations for IAH and ACS have been lacking,
however. The World Society of the Abdominal Compart-
ment Syndrome (WSACS, www.wsacs.org) has recently
developed consensus definitions outlining standards for
IAP measurement as well as diagnostic criteria for IAH
and ACS based upon both the best available clinical
evidence and expert opinion (Table1). These defini-
tions, if adopted in future studies of IAH and ACS, will
promote improved comparison among trials as well as
communication among clinicians worldwide. This second
installment from the 2004 International ACS Consensus
Definitions Conference proposes treatment guidelines
for the diagnosis, management, and prevention of IAH
and ACS as well as recommendations for future clinical
investigation.

Methods

The rationale for and process by which the WSACS con-
sensus definitions and recommendations were created has
been described in detail in Part I [1]. During the prepara-
tion of Part II of this document, the writing committee has
continually reviewed the most current literature and incor-
porated these data into the recommendations. These guide-
lines, in conjunction with the consensus definitions from
Part I, serve as the final report of the 2004 International
ACS Consensus Definitions Conference and are endorsed
by the WSACS.

Evidence-based clinical practice guidelines are now
commonplace in medicine. Such guidelines should
assess not only the strength of the evidence but also
the magnitude of net benefit vs. harm. Further, users
need to know how much confidence they can place in
the recommendations that expert guidelines offer. Nu-
merous, sometimes confusing approaches for grading
scientific evidence have been reported. To simplify the
clinical application of these guidelines the WSACS has
adopted a modification of the approach developed by
the international GRADE group [35, 36]. This grading
scheme classifies recommendations as either strong rec-
ommendations (grade 1) or weak suggestions (grade 2),
according to the balance between the associated benefits
and risks. The quality of evidence is further classified
as high (grade A), moderate (grade B), or low (grade C)



according to the study design, consistency of results, and
directness of the evidence (the similarity of the study
patients to the population of interest). As a result a strong
recommendation based upon high-quality evidence re-
ceives a grade of “1A” while a weak suggestion based
upon low-quality evidence receives a grade of “2C”. It
is important to recognize that prospective, randomized
clinical trials on IAH and ACS, the reference standard
for evidence-based guideline development, are difficult to
perform given the severity and acuity of these diseases and
the need for informed consent. As a result the following
recommendations are based largely upon nonrandomized
prospective observational trials, retrospective database
reviews, and even case reports, emphasizing the need for
more rigorous clinical trials to be performed in the future.
Where sufficient clinical evidence is available, evidentiary
tables addressing pertinent management questions are
provided.

Recommendations

Diagnosis
Risk factors for and surveillance of IAH/ACS

Originally thought to be a disease of the traumati-
cally injured, TAH and ACS have now been recog-
nized to occur in a wide variety of patient popula-
tions [3, 6, 11, 12, 21, 27-31]. The reported incidence
and prevalence of IAH and ACS have varied signif-
icantly, however, largely due to the historical lack of
consensus definitions and a common nomenclature.
Table 2 depicts the current literature describing the in-
cidence and/or prevalence of IAH and ACS. These data
confirm the widespread and frequent development of
both IAH and ACS among the critically ill with a sig-

Table 2 Should patients be routinely screened for IAH and ACS?
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nificant associated risk of organ failure and increased
mortality [2—4, 8, 10, 11, 13, 19-23, 26, 28, 29, 37-47].

Numerous risk factors for the development of IAH
and/or ACS have been suggested. Three large-scale
prospective trials have identified independent risk factors
for the development of TAH/ACS. Malbrain etal. [3]
identified that abdominal surgery, high-volume fluid resus-
citation (> 3500 ml/24 h), ileus, and pulmonary, renal, or
liver dysfunction predict IAH in a mixed medical-surgical
population. Ivatury etal. [4, 6] identified that the severity
of abdominal trauma, lactate level, and use of a temporary
abdominal closure are predictors of survival among
penetrating trauma patients with ACS. Balogh et al. [10]
identified hypothermia, acidosis, anemia, oliguria, high
crystalloid resuscitation volume, and high gastric regional
minus end-tidal carbon dioxide tension as predictors of
ACS in blunt thoracoabdominal trauma patients.

Given the broad range of potential etiological factors
and the significant associated morbidity and mortality of
IAH/ACS, a high index of suspicion and low threshold for
IAP measurement appears appropriate in the patient pos-
sessing any of these risk factors. Fig. 1 depicts an algo-
rithm for the initial evaluation of patients at risk for IAH.
Based upon the above data we recommend that patients
should be screened for IAH/ACS risk factors upon ICU
admission and in the presence of new or progressive organ
failure (grade 1B).

Intra-abdominal pressure measurement

The sensitivity of physical examination in detecting
elevated IAP has been demonstrated in two separate
prospective studies to be too low (40-60%) to be useful
as a diagnostic tool [34, 47]. The diagnosis of IAH/ACS
is therefore dependent upon the accurate and frequent
measurement of IAP. IAP monitoring is a cost-effective,

Studies Design Quality Consistency Directness n Findings
4 burn [19, 26, 37, 38] 3 prospective, No serious Some inconsistency # Direct 1,067 IAH incidence 36-70%,
1 retrospective  limitations ACS incidence 1-20%
1 liver transplant [29] Prospective No serious Only one study Direct 108 IAH incidence 32%
limitations
3 abdominal surgery Prospective No serious No important inconsistency Direct 424 IAH incidence 33—41%
[13, 20, 39] limitations
11 trauma [4, 8, 10, 11, 6 prospective, No serious Some inconsistency b Direct 3,070 IAH incidence 2-50%,
21-23, 34, 40-42] 5 retrospective  limitations ACS incidence 0.5-36%
2 medical/surgical [2,3]  Prospective No serious No important inconsistency Direct 322 IAH prevalence 32-54%,
limitations ACS prevalence 4-8%
3 pancreatitis [28, 43, 44] 1 prospective,  No serious Some inconsistency * Direct 361 IAH incidence 30-78%,
2 retrospective  limitations ACS incidence 36%
2 pediatric [45, 46] Prospective No serious No important inconsistency Direct 2,814 ACS incidence 0.6-0.9%
limitations

2 JAH/ACS definition variable
b intervention tresholds and management variable
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INTRA-ABDOMINAL HYPERTENSION ASSESSMENT ALGORITHM

Patient meets ONE of the following criteria
and has at least TWO risk factors for |IAH:
1. New intensive care unit admission
2. Evidence of clinical deterioration

h 4

Risk Factors for IAH / ACS

1. Diminished abdominal wall compliance
» Acute respiratory failure, especially with
elevated intrathoracic pressure
» Abdominal surgery with primary fascial closure
* Major trauma / burns

Measure patient’s IAP to establish baseline pressure

» Prone positioning

2. Increased intra-luminal contents

IAP measurements should be:

Expressed in mmHg (1 mmHg = 1.36 cm H,0)
Measured at end-expiration

Performed in the supine position

Zeroed at the level of the mid-axillary line
Performed with an instillation volume of no greater
than 25 mL of saline (for bladder technique)
Measured 30-60 seconds after instillation to allow
bladder detrusor muscle relaxation (for bladder
technique)

A LN~

=]

e Gastroparesis
o lleus
« Colonic pseudo-obstruction

3. Increased abdominal contents
» Hemoperitoneum / pneumoperitoneum
« Ascites / liver dysfunction

4. Capillary leak / fluid resuscitation
» Acidosis (pH < 7.2)

» Hypotension

Sustained IAP >
12 mmHg?

YES

l

NO

l

» Hypothermia (core temperature < 33°C)

» Polytransfusion (>10 units of blood / 24 hours)

« Coagulopathy (platelets < 55000 / mm?® OR
activated partial thromboplastin time (APTT) >
2 times normal OR prothrombin time (PTT) <
50% OR international standardised ratio
(INR) > 1.5)

» Massive fluid resuscitation (> 5 L / 24 hours)

 Oliguria

Patient has IAH Patient does not

» Sepsis
» Major trauma / burns
+ Damage control laparotomy

have IAH
\ 4 \ 4
Notify patient’s doctor of =
elevated IAP. Observe patient.

Proceed to IAH/ ACS
management algorithm

Recheck IAP if patient
deteriorates clinically.

Abbreviations
IAH - intra-abdominal hypertension
ACS - abdominal compartment syndrome
IAP - intra-abdominal pressure

Fig.1 Intra-abdominal hypertension assessment algorithm

safe, and accurate tool for identifying the presence of IAH
and guiding resuscitative therapy for ACS [6, 14, 17, 48].
Given the favorable risk-benefit profile of IAP monitoring
and the significant associated morbidity and mortality
of IAH/ACS we recommend that (a) if two or more risk
factors for IAH/ACS are present, a baseline IAP mea-
surement should be obtained (grade 1B), and (b) if IAH
is present, serial IAP measurements should be performed
throughout the patient’s critical illness (grade 1C).

The accuracy and reproducibility of IAP measure-
ments are of paramount importance in the management

of TAH/ACS and can directly impact upon both patient
decision making and the interpretation of trials that
include TAP as a clinical value. The optimal frequency of
IAP monitoring, for example, has yet to be determined,
as does the timing of measurements during the respiratory
cycle. The intravesicular instillation volume, which varies
widely from institution to institution, has been demon-
strated to falsely elevate IAP when the high volumes
originally advocated (50-100 ml) are used [33, 49, 50].
Patient head of bed elevation (addressed below) and the
zero reference point utilized for IAP pressure transduction



(traditionally the symphysis pubis, but the midaxillary line
at the iliac crest may be subject to less interpretation) also
appear to significantly impact upon the variability in IAP
measurements. Ongoing studies should shed significant
light upon the optimal procedure for IAP measurements.
To assist in ensuring the value and applicability of future
clinical trials we suggest that studies should adopt the
standardized IAP measurement method recommended by
the consensus definitions OR provide sufficient detail of
the technique utilized to allow accurate interpretation of
the TAP data presented (grade 2C).

Management

The widely disparate patient populations that may develop
IAH/ACS, in combination with a variety of underlying
causal disease processes, make a standardized therapeutic
approach to these diseases difficult. No one management
strategy can be uniformly applied to every patient with
IAH/ACS. Several fundamental management concepts,
however, remain appropriate across all patient populations.
While surgical decompression is commonly considered
the only treatment for IAH/ACS, nonoperative medical
management strategies are now recognized as playing
a vital role in both the prevention and treatment of organ
dysfunction and failure due to elevated IAP [7, 9, 10, 51].

Appropriate treatment and management of IAH and/or
ACS is based upon four general principles: (a) serial mon-
itoring of IAP, (b) optimization of systemic perfusion and
organ function in the patient with elevated IAP, (c) institu-
tion of specific medical procedures to reduce IAP and the
end-organ consequences of IAH/ACS, and (d) prompt sur-
gical decompression for refractory IAH. An algorithm for
the management of the patient with IAH/ACS is proposed
in Fig. 2.

Abdominal perfusion pressure

The “critical TAP” that causes end-organ dysfunction
varies from patient to patient as a result of differences in
physiology and preexisting comorbidities. Thus a single
threshold value of IAP cannot be globally applied to the
decision making of all critically ill patients. Analogous
to the widely accepted and utilized concept of cerebral
perfusion pressure, calculation of the “abdominal perfu-
sion pressure” (APP), defined as mean arterial pressure
(MAP) minus IAP, assesses not only the severity of IAP
present but also the relative adequacy of abdominal blood
flow. APP has been studied as a resuscitation endpoint
in four clinical trials [25, 27, 52]. Each of these studies
demonstrated significant differences in APP between
survivors and nonsurvivors with IAH/ACS. Cheatham
etal. [25] in a retrospective trial of surgical/trauma pa-
tients with IAH (mean IAP 22 + 8 mmHg) concluded that
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an APP value of > 50 mmHg or higher optimized survival.
APP was also found to be superior to arterial pH, base
deficit, arterial lactate, and hourly urinary output in its
ability to predict patient outcome. Malbrain et al. [27] and
Cheatham etal. [52] in three subsequent trials in mixed
medical-surgical patients (mean IAP 10+4 mmHg)
suggested that an APP value of > 60 mmHg or higher rep-
resented an appropriate resuscitation goal. Persistence of
IAH and failure to maintain APP at or above > 60 mmHg
by day 3 was found to discriminate between survivors
and nonsurvivors. The apparent disparity in these APP
endpoints may be related to differences in IAH severity
and patient population between the trials.

APP as a resuscitation endpoint has yet to be subjected
to a prospective, randomized clinical trial. Further, the
therapeutic threshold above which raising MAP to achieve
a particular APP becomes futile or even detrimental
remains unknown. Indiscriminate fluid administration
places the patient at risk for secondary ACS and should
be avoided [7, 9, 10, 51, 53]. Target APP values may be
achieved through a balance of judicious fluid resuscitation
and application of vasoactive medications. Notwithstand-
ing these concerns, maintaning APP at 50-60 mmHg
appears to predict improved survival from IAH/ACS that
is not identified by IAP alone. Given the significant benefit
and limited risk, we recommend that APP should be
maintained above 50-60 mmHg in patients with ITAH/ACS
(grade 1C).

Sedation and analgesia

Pain, agitation, ventilator dyssynchrony, and use of acces-
sory muscles during work of breathing may all lead to
increased thoracoabdominal muscle tone. This increased
muscle activity can lead to increases in IAP [3, 6]. Patient
sedation and analgesia can reduce muscle tone and po-
tentially decrease IAP to less detrimental levels, although
fentanyl has been reported to potentially increase abdom-
inal muscle tone and IAP [54]. In addition to ensuring
patient comfort, adequate sedation and analgesia would
therefore appear to be prudent in the patient with evidence
of IAH [55]. As no prospective trials have yet been per-
formed evaluating the benefits and risks of sedation and
analgesia in IAH/ACS, no recommendations can be made
at this time.

Neuromuscular blockade

Diminished abdominal wall compliance due to pain, tight
abdominal closures, and third-space fluid can increase IAP
to potentially detrimental levels [3, 56]. NMB has been
suggested in several reports to be an effective method for
reducing AP [55, 57, 58]. While NMB may well reverse
the negative effects of mild to moderate IAH, it is unlikely
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Intra-Abdominal Hypertension / Abdominal Compartment Syndrome Management Algorithm

| I Patient with 1AH

I‘

I""

Initiate medical treatment
options to reduce |IAP

IAP = 20 mmHg
with organ failure?,

Intra-Abdominal Hypertension (IAH)

Perform serial IAP
measurements every 4
hours while patient is

NO—p

IAP < 12 mmHg

consistently? YES

Discontinue IAP
measurements.
Observe patient for
clinical deterioration.

critically ill
YES
Patient has ACS
A 4
; Secondary or
?

Primary ACS? NO—p» Recurrent ACS

YES

Perform / revise
abdominal decompression
with temporary abdominal

closure

Have
all medical
treatment options
failed?

NO

v

reatment Optio

« Sedation / analgesia
+ Neuromuscular blockade

+ Body positioning

2. Evacuate intra-luminal contents
» Nasogastric decompression
» Rectal decompression / enemas
» Gastro-/colo-prokinetic agents

3. Evacuate abdominal fluid collections
* Percutaneous decompression

4. Correct positive fluid balance
« Fluid restriction
+ Diuretics
» Colloids
» Hemodialysis / ultrafiltration

viedicd ns fo Keduce
1. Improve abdominal wall compliance

Abdominal Compartment Syndrome (ACS)

A 4

options to reduce IAP

IAP < 12 mmHg

Continue medical treatment [

v

Perform serial IAP
measurements every 4 hours
while patient is critically ill

v

Resuscitate with crystalloid /
colloid / vasoactive agents to
maintain APP > 60 mmHg

Can APP

= 60 mmHg be
maintained?

YES

NO

! wlenlly?

NO A
Consider abdominal

IAP < 20 mmHg
consistently?

YES P

closure (if open) guided
by IAP and APP
measurements

Fig.2 Intra-abdominal hypertension/intra-abdominal compartment syndrome management algorithm




to be an effective therapy for patients with severe IAH
or those who have progressed to ACS [59]. De Waele
etal. [57] recently performed the first prospective trial of
NMB in the management of IAH, demonstrating signif-
icant reductions in IAP in nine of ten patients following
a single bolus dose of cisatracurium. The single patient
who did not respond had a baseline IAP of 25 mmHg
(grade IV IAH). The potential beneficial effects of NMB
in reducing abdominal muscle tone, however, must be
balanced against the risks of prolonged paralysis. Al-
though such data are preliminary, we suggest that a brief
trial of neuromuscular blockade may be considered in
selected patients with mild to moderate IAH while other
interventions are performed to reduce IAP (grade 2C).

Body positioning

IAP monitoring is traditionally performed in the supine
position. Recently elevation of the patient’s head has
been emphasized to reduce the incidence of aspiration
pneumonia [60, 61]. Such a change in body position, how-
ever, can increase measured IAP. Two as yet unpublished,
prospective studies, including a large scale multicenter
trial sponsored by the WSACS, have evaluated the impact
of body positioning on IAP measurements, arriving at
similar conclusions. Head of bed elevation significantly
increases IAP compared to supine positioning, especially
at higher levels of IAH. Such increases in IAP become
clinically significant (increase >2 mmHg) when the
patient’s head of bed exceeds 20° elevation, well below
that currently practiced in many intensive care units. As
a result supine IAP measurements may underestimate the
true IAP if the patient’s head of bed is being elevated
between measurements. Prone positioning for acute lung
injury has also been demonstrated to significantly increase
IAP [62, 63, 64]. Further research is necessary to fully
characterize the impact of body position on IAP. In the
interim, we suggest that the potential contribution of body
position in elevating IAP should be considered in patients
with moderate to severe IAH or ACS (grade 2C).

Nasogastric/colonic decompression,
prokinetic motility agents

Gastrointestinal ileus is common among patients who
have had abdominal surgery, peritonitis, major trauma,
significant fluid resuscitation, or electrolyte abnormal-
ities, many of which are independent risk factors for
TAH/ACS [3, 4, 10]. Both air and fluid within the hollow
viscera can raise AP and lead to IAH/ACS. Nasogastric
and/or rectal drainage, enemas, and even endoscopic
decompression would appear to be simple and relatively
noninvasive methods for reducing IAP and treating mild
to moderate IAH [54]. The administration of prokinetic
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motility agents such as erythromycin, metoclopromide,
or neostigmine would also appear to hold promise in
evacuating the intraluminal contents and decreasing the
size of the viscera [17, 65-69]. To date, however, no
prospective trials have been performed to confirm the
benefit of such therapies and no recommendations can be
made at this time.

Fluid resuscitation

Fluid resuscitation to correct hypovolemia and avoid organ
failure remains a cornerstone of critical care management.
The concept of “early goal-directed therapy”, originally
described for the treatment of severe sepsis, also applies to
the patient with IAH/ACS. Adequate intravascular volume
is especially important in IAH/ACS as the combination of
hypovolemia and intrathoracic pressure due to mechani-
cal ventilation appears to aggravate the pathophysiological
effects of elevated IAP [58, 70, 71]. Excessive fluid resus-
citation, an independent predictor of both IAH and ACS,
should be avoided, however, and represents a major etiol-
ogy for secondary ACS, where fluid resuscitation actually
worsens survival [8-10, 53].

Fluid resuscitation remains a highly controversial
subject and a complete discussion is beyond the scope of
this document [72]. The current literature addressing fluid
resuscitation in patients at risk for IAH/ACS will be briefly
discussed (Table 3). Balogh et al. [8] retrospectively eval-
uated two trauma resuscitation strategies in which patients
were fluid resuscitated to achieve an oxygen delivery index
of either 500 or 600 ml min~! m™2. Patients resuscitated
using the “supranormal” endpoint required significantly
more fluid and were twice as likely to demonstrate IAH,
ACS, organ failure, and death than those under the more
restrictive fluid resuscitation strategy. McNelis et al. [12]
performed a retrospective matched case-control study of
nontrauma surgical patients with and without ACS. In
multivariate analysis 24-h fluid balance was an indepen-
dent predictor for development of ACS. Oda etal. [73]
retrospectively reviewed burn patients (> 40% total body
surface area) who received either isotonic or hypertonic
crystalloid resuscitation. Hypertonic resuscitation was
associated with a significantly decreased fluid requirement
and lower peak inspiratory pressures, and significantly
higher APP levels. Further, isotonic resuscitation was
associated with a 3.5-fold increased risk for developing
IAH (defined as IAP > 30 cmH;0). Oda et al. concluded
that the lower fluid load afforded by hypertonic crystalloid
resuscitation could reduce the risk of secondary ACS.
O’Mara etal. [31] performed the only prospective, ran-
domized controlled trial evaluating fluid resuscitation in
patients with TAH/ACS. Thirty-one burn patients were
randomized to receive either crystalloid or colloid-based
resuscitation. The crystalloid patients required signifi-
cantly greater volumes of fluid to maintain urinary output
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Table3 Should resuscitation fluid volume be limited in patients at risk for IAH/ACS? (OR odds ratio associated with aggressive fluid

resuscitation)

Studies Design Quality Consistency Directness n Findings

1 medical/surgical [3] Prospective No serious  Only one study Direct 265 IAHOR 1.9
limitations

1 trauma [8] Retrospective ~ No serious Only one study Direct 156 JAHOR 1.8, ACS OR 1.7,
limitations MOF OR 2.0, mortality OR 2.1

1 surgical [12] Retrospective ~ No serious Only one study Direct 44 24-h fluid balance,
limitations independently predicts ACS

1 burn [73] Retrospective ~ Some Only one study Direct 36 Mortality OR 3.5 for isotonic
limitations * vs. hypertonic resuscitation

1 burn [31] Prospective, No serious  Only one study Direct 31 IAP significantly lower with

randomized limitations colloid resuscitation; no

4 Probable selection bias

(0.56+0.16 vs. 0.36 +0.17 I/kg) and developed signifi-
cantly higher peak IAP (33 £ 10 vs. 16 = 8 mmHg). Based
upon these studies we recommend that (a) fluid resuscita-
tion volume should be carefully monitored to avoid overre-
suscitation in patients at risk for IAH/ACS (grade 1B), and
(b) hypertonic crystalloid and colloid-based resuscitation
should be considered in patients with IAH to decrease the
progression to secondary ACS (grade 1C).

Diuretics and continuous venovenous
hemofiltration/ultrafiltration

For TAH patients who develop oliguria or anuria despite
resuscitation early institution of renal replacement therapy
has been reported with fluid removal by intermittent dialy-
sis or continuous hemofiltration/ultrafiltration [54, 74, 75].
This may be an appropriate intervention rather than con-
tinuing to volume load and increase the likelihood of sec-
ondary ACS. Diuretic therapy, in combination with colloid,
may also be considered to mobilize the third-space edema
once the patient is hemodynamically stable. These thera-
pies have not been subjected to clinical study in IAH/ACS
patients, however, and no recommendations can be made
regarding their use.

difference in survival

Percutaneous catheter decompression

Given the morbidity of open abdominal decompression,
less invasive means of reducing IAP would certainly be
appealing. Percutaneous catheter decompression repre-
sents a less invasive method for treating IAH or secondary
ACS due to free intra-abdominal fluid, air, abscess, or
blood. As illustrated in Table 4, this technique appears to
be effective in reducing IAP and potentially correcting
IAH-induced organ dysfunction [38, 76—83]. Commonly
performed under ultrasound or computed tomography
guidance, percutaneous decompression, in appropriate
patients, appears to be effective in resolving IAH/ACS and
avoiding the need for surgical decompression. Latenser
etal. evaluated this technique in burn patients (> 40%
total body surface area) with five of nine patients who
developed IAH (defined as IAP > 25 mmHg) being suc-
cessfully treated with percutaneous decompression while
four progressed to ACS requiring decompressive laparo-
tomy [38]. Inhalational injury and burn area of more than
80% total body surface area appeared to predict failure of
percutaneous decompression. Gotlieb et al. [78] performed
percutaneous drainage of symptomatic ovarian ascites in
women with grade III or IV IAH. IAP was significantly
reduced in 33 of 35 patients with improvements in both

Table4 Should percutaneous catheter decompression be performed for IAH/ACS?

Studies Design Quality Consistency Directness n Findings

1 pediatric trauma [79] Retrospective ~ No serious ~ Only one study Direct 2 Successful treatment of ACS
limitations

3 medical [77, 82, 83] Retrospective ~ No serious No important Direct 3 Successful treatment of ACS
limitations  inconsistency

3 burn [38, 76, 80] Retrospective ~ No serious No important Direct 12 Successful treatment of ACS
limitations  inconsistency in 60% of patients

1 trauma [81] Retrospective ~ No serious Only one study Direct 1 Successful treatment of ACS
limitations

1 oncology [78] Prospective No serious  Only one study Direct 35 Significant decrease in IAP
limitations in 33



hemodynamic and pulmonary function. In light of the
potential benefits of avoiding abdominal decompression
we suggest that percutaneous catheter decompression
should be considered in patients with intraperitoneal fluid,
abscess, or blood who demonstrate symptomatic IAH or
ACS (grade 2C).

Abdominal decompression

Surgical abdominal decompression has long been the stan-
dard treatment for the patient who develops ACS. It repre-
sents a life-saving intervention when a patient’s IAH has
become refractory to medical treatment options and organ
dysfunction and/or failure is evident [4, 23-25, 84]. Delays
in surgical decompression and disregard for high IAP lev-
els is associated with significant increases in patient mor-
tality [25]. Presumptive decompression or “leaving the ab-
domen open” in surgical patients at risk who are under-
going laparotomy has been demonstrated to significantly
reduce the subsequent development of IAH/ACS and im-
prove survival [25]. While seemingly aggressive and dis-
abling, Cheatham etal. [24] have demonstrated excellent
long-term physical and mental health function as well as
ability to resume gainful employment among patients who
require surgical decompression.

Surgical decompression results in an “open abdomen”,
which must be covered by some form of protective
dressing or “temporary abdominal closure” (TAC).
A variety of equivalent TAC techniques have been de-
scribed, including towel clips, “vacuum-pack closure”,
“Bogota bag”, Wittmann patch, and vacuum-assisted
closure [5, 6, 85-90]. None of these techniques has
been subjected to a comparative prospective evaluation
to prove efficacy over the others [84]. It is essential to
recognize that recurrent ACS is possible with any of the
TAC techniques, especially if they are applied in a fashion
that does not allow continued visceral expansion during
resuscitation [5, 18]. If recurrent ACS develops, the TAC
should immediately be removed and reapplied so as to
reduce IAP to an acceptable level.

Based upon the above literature and the significant
morbidity and mortality of untreated ACS we recommend
that (a) surgical decompression should be performed in
patients with ACS that is refractory to other treatment
options (grade 1B), and (b) presumptive decompression
should be considered at the time of laparotomy in patients
who demonstrate multiple risk factors for TAH/ACS
(grade 1C).

Definitive abdominal closure
Following surgical decompression and resolution of

the patient’s ACS the next therapeutic goal should be
definitive closure of the patient’s abdomen. Most patients,
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if decompressed early prior to development of significant
organ failure, tolerate primary fascial closure within
5-7 days. Most patients who remain critically ill past this
time period with significant loss of abdominal domain
require either split-thickness skin grafting of the exposed
viscera, with subsequent fascial closure 9—12 months later,
or cutaneous advancement flap (“skin-only”) closure,
which allows earlier fascial closure [25, 84]. Various
observational studies have been performed reporting the
success of various techniques for long-term management
of the open abdomen [84]. Prospective trials to identify
the optimal method for such management, however, have
yet to be performed. As a result, recommendations for
definitive abdominal closure cannot be made at this time.

Future Investigation

The consensus definitions proposed in Part I and the
evidence-based guidelines advocated in Part II are pre-
sented as a means to establish a foundation upon which
future clinical trials may be performed. The use of such
definitions and guidelines should facilitate the interpre-
tation and comparison of one study against another so
that clinically useful decisions may be made regarding the
optimal treatment strategy for the patient with ITAH/ACS.
While multiple areas for future research have been identi-
fied in the above discussion, several additional suggestions
are appropriate.

As illustrated in Table 2, the reported incidence and
prevalence of IAH and ACS have varied widely from one
study to the next, largely due to the prior lack of consen-
sus definitions. To facilitate determination of accurate in-
cidence and prevalence estimates and assist in the com-
parison of future trials, we recommend that incidence and
prevalence estimates of IAH/ACS should be based upon
the consensus definitions (grade 1C).

The frequency of IAP monitoring may affect mean
and maximal daily IAP levels as well as the incidence
and prevalence of IAH when different thresholds are
utilized. Further, the time spent above a critical IAP
threshold during each 24-h period may be of greater
clinical significance than isolated maximal IAP values. To
facilitate communication of the severity of IAH in future
trials, we suggest that mean, median, and maximal TAP
values should be provided both on admission and during
the study period (grade 2C).

Summary

Significant progress has been made over the past decade
towards understanding the etiology and pathophysiology
surrounding IAH and ACS. The absence of consensus
definitions and treatment guidelines, however, has led to
confusion over both the prevalence of IAH and ACS as
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well as the most effective treatment strategies for such
patients. The 2004 International ACS Consensus Defini-
tions Conference committee has proposed the consensus
definitions outlined in Part I and the evidence-based
management guidelines in Part II to serve as a basis for
future consensus. Both of these documents highlight the
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