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Abstract

The sustained intra-abdominal hypertension, leading to critical tissue hypoperfusion and permanent functional
organ impairment, constitutes the life-threatening disorder of abdominal compartment syndrome (ACS). In recent
years, the increased awareness of the presence, clinical importance and devastating impact of ACS has led to
dramatic improvements in the diagnosis, definition and management of this lethal disorder. Because of the high
incidence of ACS in high-risk patients, regular assessment of intra-abdominal pressure should be performed and
timely, evidence-based therapeutic interventions should be employed not only to minimize the risk of developing
intra-abdominal hypertension but also to aggressively treat the fully developed ACS. Such an approach will improve
patient safety, optimize survival, and decrease morbidity. Among evidence-based measures for the management of
ACS surgical decompression remains the method of choice succeeding fast and definitive treatment of the fully
developed ACS.
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Introduction
Although intra-abdominal hypertension (IAH) and abdominal

compartment syndrome (ACS) are relatively young pathological
entities, there has been recently an exponential growth in scientific
research relating to their recognition, definition, diagnosis, prevention
and treatment [1]. These developments, which are reflecting the
increased awareness of the deleterious effects of IAH and ACS, led to
an emphatic decrease in the mortality rate of ACS from 60% to
approximately 30% during the last decade [2]. Intra-abdominal
hypertension and ACS occur frequently in both medical and surgical
Intensive Care Units (ICU), but they may even occur in the general
ward, and the Emergency Department. Among evidence-based
measures for the management of ACS surgical decompression remains
the method of choice succeeding fast and definitive treatment of the
fully developed ACS.

This review provides a concise approach to the diagnosis and
management of IAΗ and ACS, with a particular emphasis on the role
of surgical decompression.

Epidemiology and etiology
The incidence of IAH in critical care patients is reported to be 50%,

and of these patients with IAH, 4.2% will develop ACS within their
first day of hospitalization [3,4]. Several factors have the potential to
increase intra-abdominal pressure (IAP) predisposing to the
development of IAH and ensuing ACS. These factors can be related to
the abdominal wall compliance, the total volume of intraluminal
abdominal contents and the increased capillary permeability and
leakage of plasma proteins into the interstitial fluid. The latter

pathogenetic mechanism represents a frequent unanticipated adverse
effect of aggressive fluid resuscitation therapy. In fact, the
implementation of recent resuscitation protocols such as Early Goal
Directed Therapy and Damage Control Resuscitation in patients with
critical illnesses, can lead to the development of the undesired life-
threatening consequences of IAH and ACS [5]. Other important risk
factors for the development of IAH are core hypothermia,
coagulopathy necessitating component therapy, severe sepsis and
septic shock, liver failure associated with extant ascites, and
mechanical ventilation [6,7] (Table 1).

Considering the detrimental effects of IAH and ACS, the critical
care personnel need to be familiar with the current definitions related
to these disorders and to be aware of their predisposing factors, signs
and symptoms in order to succeed an early diagnosis that will provide
the opportunity for a timely and successful management.

Aggressive crystalloid fluid resuscitation (>5,000 mL in 24 h)

Upwards of 10 units of packet red blood cells transfusion within 24 h

Core temperature <330 C

Arterial pH <7.2

Body mass index >30

Table 1: Independent contributing factors for the development ABC

Pathophysiology
Intra-abdominal hypertension and ACS can lead to multisystem

dysfunction. Elevated IAP is directly transmitted to the abdominal
vasculature leading on the one hand to venous occlusion and a
subsequent reduction in preload and decreased cardiac output and on
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the other; to arterial compression inducing a reduced arterial
compliance and an increased afterload [8].

The respiratory system is also largely affected due to pressure-
induced diaphragmatic splinting and elevation, producing a functional
constraint of pulmonary expansion. These factors can lead to
decreased pulmonary and chest wall compliance, basal collapse and
atelectasis, increasing Ventilation-Perfusion (V/Q) mismatch,
hypoxemia, and distorted pulmonary flow characteristics [9].

Renal dysfunction in the context of IAH and ACS is multifactorial.
The IAH and the subsequent decrease in cardiac output can lead to a
significant decrease in renal blood flow. Additionally, renal vein
compression, combined with increased venous impedance resulting
from IVC compression, can cause decreased glomerular filtration, up
regulation of antidiuretic hormone, and activation of the rennin-
angiotensin axis stimulating fluid retention. Acute tubular necrosis
can also occur [10,11].

The gastrointestinal system is particularly vulnerable to elevated
IAP in critically ill patients. The decreased gut perfusion as part of the
response to critical illness compounded by the reduction in abdominal
perfusion pressure can lead to the development of bowel wall edema.
The latter induces a significant decrease in bowel wall oxygen delivery
eventually leading to bowel ischemia and translocation of bacteria into
the systemic circulation. Hepatic perfusion is also adversely affected,
leading to liver dysfunction and failure [12,13].

Furthermore, the central nervous system, similarly suffer
hypoperfusion. Elevated intra-abdominal and intra-thoracic pressures
inhibit venous return with a consequent increase in intra-cranial
pressure. Associated hypercarbia, and any consequent cerebral
vasodilatation, may further raise intracranial pressure [14].

Current definitions
In 2013, the World Society of the Abdominal Compartment

Syndrome (WSACS) updated the definitions and management
statements relating to IAH and ACS via a new international consensus
conference. The current consensus statement defines ACS as the
sustained intra-abdominal pressure (IAP) >20 mmHg that is
associated with new onset of organ dysfunction or failure, regardless of
abdominal perfusion pressure (APP). Of note is that the WSACS
suggests that, if the patient exhibits signs of new organ dysfunction or
failure, this development is more clinically significant than an absolute
metric value. Abdominal compartment syndrome is a separate and
distinct entity from IAH, which is defined as a sustained or repeated
IAP ≥ than 12 mmHg [15]. Normal or mean pressure within the non-
diseased abdominal cavity ranges between 2 mmHg and 5 mmHg,
while the normal IAP for critically ill adults who are usually fluid
overloaded ranges between 5 mmHg and 7 mmHg [16]. Intra-
abdominal pressure (IP) depends on overall body mass index and
therefore, it can be elevated as high as 12 mm Hg in the obese adult.
The absence of organ injury constitutes the determinant difference
between obesity related chronic IAH and ACS [17].

The current WSACS consensus conference has categorized IAH
into grades, based upon worsening abdominal pressures [16] (Table 2).
Abdominal compartment syndrome is further classified into primary,
secondary and recurrent. Primary ACS results from injury or disease
of the abdomen or pelvis which frequently necessitates immediate
therapeutic intervention or, from postoperative sequela requiring
surgical intervention [18,19]. Primary ACS can also evolve in patients
with organ damage who were initially managed non-surgically and

then developed ACS [18,20]. Secondary ACS refers to disorders not
originating from the abdomen or pelvis and occurs in the absence of
abdominal injury [15]. Secondary ACS may develop in patients
suffering from sepsis, pancreatitis or may be the result of excessive
fluid resuscitation. Recurrent or "tertiary" ACS, as it was formerly
known, is the reoccurrence of either primary or secondary ACS after
successful medical or surgical treatment [16].

Abdominal perfusion pressure (APP), which is defined as the
difference between the mean arterial pressure and the IAP, indicates
the pressure available for the perfusion of abdominal organs [15,20].
Calculation of APP assesses accurately the adequacy of abdominal
blood flow and therefore it has previously been considered as a reliable
indirect indicator of IAH/ACS severity. In fact, APP has been
evaluated as a resuscitation end point in several clinical trials which
demonstrated statistically significant differences in APP between
survivors and non-survivors with IAH/ACS [16,21]. Additionally, APP
proved superior to global resuscitation end points such as arterial pH,
base deficit, arterial lactate and urinary output in its ability to predict
patient outcome. Despite these scientifically sound data, the WSACS
2013 consensus management statement could make no
recommendations for the use of APP in the resuscitation or
management of patients with IAH/ACS.

Grade IAP, mm Hg Analysis

Normal <12

1 12-15 Normal IAP for the obese

2 16-20 The development of organ dysfunction is
unlikely

3 21-25 In this IAP range ACS is considered present
only if organ(s) dysfunction coexists

4 >25 When organ(s) dysfunction coexists the
terminology changes to ACS

Table 2: Current IAP grading

Diagnosis
Early diagnosis of IAH before it progresses to ACS depends on

thorough knowledge of its pathophysiology in addition to a high index
of clinical suspicion. Usually, the patient who is at risk for the
development of IAH and ACS would be sedated, intubated on
mechanical ventilation in the intensive care unit setting. The abdomen
is usually very tense and distended and the extremities edematous.
Furthermore, the face and neck, penis and genitalia may be swollen.
Often, the ICU personnel are alerted to the possibility of IAH because
of the high airway pressures in addition to signs of an impending renal
failure.

In rare occasions, such as large space-occupying intra-abdominal
lesions or ruptured abdominal aortic aneurysms; IAH can occur in
alert-awake patients [22,23]. In these patients prominent symptoms on
physical examination are painful and distended abdomen associated
with orthopnea, shortness of breath and limited or even absence of
diaphragmatic excursion.

Unfortunately, the clinical features of IAH are non-specific. Indeed,
the sensitivity of the physical examination to detect IAH is very low
and therefore, it is not considered a reliable diagnostic method. On the
contrary, measuring bladder pressure is the gold standard method and
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should be performed according to the current WSACS recommended
protocol.

Indications for IAP Monitoring
As underlined previously, the sensitivity of physical examination in

detecting IAH is significantly low, ranging between 40% and 60% [24]
therefore; the diagnosis of IAH/ACS relies on accurate measurement
of IAP. In fact, IAP monitoring represents a safe, inexpensive and
accurate mean not only for the diagnosis of IAH but also for the
proper guiding of resuscitative therapy [25]. However, there remains
considerable debate over the applicability of absolute intra-abdominal
pressure (IAP) ranges, in the management of patients with critical
illnesses. Several studies support that an IAP>20 mmHg induces
serious physiological consequences in critically ill patients [3,26,27].
Despite these data, it is well known that this absolute IAP level, does
not always associated with physiological derangements [28,29].
Therefore, the current WSACS consensus conference, developed
definitive evidence-based algorithms for the diagnosis and
management of IAH and ACS [15].

A crucial issue in the management of IAH and ACS is early
identification of patients at risk of developing this disorder [30-32].
Therefore, the risk factors of IAH and ACS should be assessed on
admission and for the total duration of the critical illness according to
the recognized independent risk factors for the development of these
derangements (Table 1). Patients with open or blunt abdominal
trauma and patients with a high body mass index, mesenteric
ischemia, elevated intracranial pressure, those who sustained burns
and hypotensive patients are also at risk of developing IAH [19]. It is
of utmost importance that all critically ill patients should be screened
for the presence of IAH or ACS upon admission or in the presence of
new or progressive organ failure. Furthermore, if there are two or
more risk factors present or if there is a new or progressive organ
failure, then a baseline IAP measurement should be repeated and the
currently recommended WSACS assessment algorithm should be
implemented. In the presence of IAH, a 4 to 6 hours intervals or
continuously IAP monitoring is recommended [15].

Methods of intra-abdominal pressure (IAP) measurement
A variety of methods of measuring IAP have been reported, such as

gastric pressure via a nasogastric tube, inferior vena cava pressure,
rectal pressure, direct IAP via direct puncture, or use of bedside
ultrasound to assess the caliber and respiratory variation of the inferior
vena cava [33-36]. Measurement accuracy and reproducibility,
financial constraints and personnel training influence all these
methods. Additionally, there is minimal standardization of the IAP
assessment methods across various centers [19].

Trying to bring order to this scientific "polyphony" the WSACS has
recommended the use of a standardized protocol for IAP
measurement advocating the use of the modified intermittent Kron
technique as the gold standard of IAP measurement [15,16]. This
method assesses the IAP via bladder pressure measurement using a
maximum instillation of 25 ml of sterile saline [15,16]. The
measurement was performed with the transducer zeroed and
positioned in line with the iliac crest and mid-axillar line, with the
patient in a supine position at end-expiration and with an instillation
volume of no greater than 25 ml of saline. However, the reliability of
the intermittent measurement guidelines, recommended by WSACS
has been recently challenged [37]. Specifically, it has been argued that

the current technology of continuous IAP monitoring is superior to
the intermittent technique because it provides continuous analysis of
the IAP level via the bladder, which eliminates the risk of missing
alterations in IAP over time, which is unavoidable when using the
intermittent technique [38,39]. Despite the obvious advantages of
continuous IAP monitoring, a recent study showed comparable results
between the two methods [40]. Furthermore, it should be underlined
that the continuous IAP measurement technique requires the use of
more expensive medical equipment, which is limiting its wider use.
Regardless of the current controversy regarding the most reliable
method of measuring IAP, the modified intermittent Kron technique
remains the gold standard.

Management
One of the most crucial issues that must be addressed when

managing critically ill patients at risk for IAH and ACS is to determine
on an individual basis, whether the presence of increased IAP
aggravates or not their already severe clinical condition. The treating
personnel should always keep in mind that it remains unsettled how
much conservative treatment a critically ill patient with IAH can bear
before the lethal cascade of ACS becomes irreversible and a point of no
return is reached and most importantly, that the definitive
management of a fully developed ACS can be accomplished only after
laparotomy and temporary abdominal closure, aiming at reversing the
deleterious consequences of the syndrome [41]. Apart from these
strategic principles, prevention is the best treatment of ACS.

Non-operative management
The non-operative management of IAH can be divided into the

following steps: sedation and paralysis to relax the abdominal wall,
evacuation of intraluminal contents, drainage of large abdominal fluid
collections, optimization of APP, and correct a positive fluid balance
[42] (Table 3).

Sedation
Adequate sedation and sometimes paralysis should be ensured.

Complete paralysis will relax the muscles of the abdominal wall
allowing additional expansion of the abdominal domain and lowering
of the IAP [4].

Sedation and paralysis

Evacuation of hollow viscera contents

Optimizing abdominal perfusion pressure

Drainage of large intraperitoneal fluid collections

Correction of positive fluid balance

Table 3: Parameters of non-surgical management of IAH

Evacuation of intraluminal contents
Hollow viscera distension can increase IAP substantially; therefore

a simple endoluminal decompression is an effective way to decrease
the IAH [43].
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Drainage of large abdominal fluid collections
Patients with ascites or abdominal trauma patients may have large

intraperitoneal fluid collections contributing to elevated IAP.
Percutaneous drainage has shown great success in burn and oncology
patients however, recurrent ACS is always possible as the fluid often
re-accumulates. Therefore, a continued surveillance is mandatory. On
the contrary, in the trauma patient with solid organ injury the blood
will shortly after the insult loculate, making its percutaneous drainage
practically impossible [44].

Optimizing abdominal perfusion pressure
Several investigators implement a more rational, well-documented

method, which is based on the assessment of APP that serves as a
reliable indicator of IAH/ACS severity, to clearly define the
requisiteness of abdominal decompression in patients with IAH, but
indefinite signs of ACS [16,23]. Despite the rationale of this approach,
the 2013 WSACS consensus management statement could make no
recommendations for the use of APP in the resuscitation or
management of patients with IAH/ACS.

Correction a positive fluid balance
In cases of overly aggressive resuscitation in multi-trauma patients

an iatrogenic ACS may develop. In such situations the pathogenic
mechanism that leads to ACS might more likely be the aggressive fluid
resuscitation rather than the traumatic event itself [45,46]. In such
condition, the fluid excess has to be removed without however
creating hypotension, hypoperfusion, or acidosis. Although gentle
diuresis is an appealing perspective, excreting the third-spaced fluid
excess without causing intravascular volume depletion is rather almost
impossible therefore, in these cases early institution of renal
replacement therapy is the most appropriate therapy [47,48].

Surgical decompression
This is unarguably the most effective and immediate way to reduce

elevated IAP. Surgical decompression should be considered in the
unfortunate event of failure of non-operative measures to relieve IAH.
However, the indication, timing and type of decompression should be
carefully balanced because of the substantial morbidity associated with
all types of surgical decompression [49]. Unfortunately, there is no
uniform consensus on the indications for the surgical management of
ACS. As an axiom, when medical or minimally invasive measures fail
to intercept the progressive decline of organ function or in the
presence of a fully developed ACS, surgical management is absolutely
justified. Clinical experience indicates that early compared with
delayed decompression several days after the onset of the syndrome, is
more effective and is associated with lower mortality [49].
Notwithstanding, there are no sound evidence existing on the proper
timing of surgical management.

It should be also taken into consideration that all these therapeutic
principles can be valid when ACS develops early in the course of the
critical illness, as usually happens. However, if the syndrome is caused
as a result of a later event such as the development of infected
pancreatic necrosis following severe acute pancreatitis, then delayed
surgical decompression combined with necrosectomy is a rather
justifiable treatment planning. Finally, the concept of prophylactic
surgical decompression in high-risk patients, namely preventing the
development of ACS by leaving the abdominal cavity open, is a rather

reasonable approach, which however does not supported by sound
scientific evidence.

Decompressive laparotomy aims to decrease the elevated IAP and
reverse organ dysfunction providing vital space for continued
expansion of the abdominal viscera during ongoing resuscitation.
Additionally, the technique of decompressive laparotomy should
obviate excessive fascial retraction and ensure temporary abdominal
coverage allowing the evacuation of fluid from the abdominal cavity.
Unfortunately, there is no current surgical technique in use, which
totally fulfills all these prerequisites. However, in recent years various
effective surgical techniques have been developed, sharing the same
basic surgical principles consisting in (a) performance of a generous
fasciotomy incurring evisceration, (b) separation of the underlining
hollow viscera from the abdominal wall with the use of a hermetic
sealing barrier, (c) obviation of excessive fascial retraction and (d)
ensuring an indiscriminate evacuation of peritoneal fluid with the use
of drainage catheters or vacuum sponge materials (Table 4).

Among these principles, complete fasciotomy is of the utmost
importance because the degree to which the IAP decreases is directly
proportional to the degree to which the fascia is released. However, the
reinstatement of organ function following surgical decompression is
not immediate and can persist despite the adequacy of surgical
technique, leading ultimately to death, in case of irreversibility of
organ dysfunction and progression of the lethal cascade of ACS [50].
Evenly important is the principal of safe separation of the underlining
hollow viscera from the abdominal wall. If this is not the case, then the
small bowel will adhere to the abdominal wall within a period of
approximately three days, which will predispose to inadvertent small
bowel injury and possible subsequent enterocutaneous fistula
development, during the future abdominal wall closure. Therefore,
avoiding the adherence of bowel wall to the fascia and implementing
surgical techniques to prevent retracting of the fascia far laterally, is
extremely important to ensure a safe delayed abdominal wall closure.
The recently employed option of suturing mesh to the edges of the
divided abdominal wall, using vacuum sponges or silicone elastomer
materials, provide additional effectiveness [51,52].

Finally, as last but not least step of the ideal decompressive
laparotomy technique is to ensure indiscriminate evacuation of
peritoneal fluid. The rationality of this measure is based on the fact
that, following decompression the peritoneal fluid will continue to
accumulate in the peritoneal cavity and inevitably will trap under the
hermetic sealing barrier predisposing to the development of a
recurrent ACS.

Targets

Decrease IAP and reverse organ dysfunction

Provide vital space for continued expansion of the abdominal viscera

Creation of an iatrogenic evisceration

Ensuring an indiscriminate evacuation of peritoneal fluid

Surgical methodology

Performance of complete fasciotomy

Separation of the underlining hollow viscera from the abdominal wall with the
use of a hermetic sealing barrier

Obviation of excessive fascial retraction
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Suturing a prosthetic material to the fascia to avert fascial retraction

Ensuring indiscriminate evacuation of peritoneal fluid with the use of drainage
catheters or vacuum sponge materials

Table 4: Crucial therapeutic targets and methodology of
decompressive laparotomy

Conclusions
Abdominal compartment syndrome is a devastating, life-

threatening disorder. Although non-surgical interventions have a role
in the stable and minimally symptomatic patient, however this mode
of treatment should be carefully balanced. This is because the limit of
how much conservative treatment a patient with IAH can bear before
the lethal cascade of ACS becomes irreversible and a point of no return
is reached has not yet been settled. Most importantly, it should be
remembered that the definitive management of a fully developed ACS
could be accomplished only after laparotomy and temporary
abdominal closure, which reverses the deleterious consequences of the
syndrome in a significant proportion of patients. The present review
aims to serve as a modest contributor in recognizing and timely
treating IAH and ACS, which will lead to a further reduction of the
mortality rate associated with these disorders.
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