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Abstract: Abdominal compartment syndrome is an emergent condition
caused by increased pressurewithin the abdominal compartment. It can be
caused by a number of etiologies, which are associated with decreased ab-
dominal wall compliance, increased intraluminal or intraperitoneal con-
tents, or edema from capillary leak or fluid resuscitation. The history
and physical examination are of limited utility, and the criterion standard
for diagnosis is intra-abdominal pressure measurement, which is typically
performed via an intravesical catheter. Management includes increasing
abdominal wall compliance, evacuating gastrointestinal or intraperitoneal
contents, avoiding excessive fluid resuscitation, and decompressive lapa-
rotomy in select cases.
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TARGET AUDIENCE
This CME activity is intended for all practitionerswho care for

pediatric patients presenting with possible abdominal compartment
syndrome, whichmay include general pediatricians, pediatric emer-
gency physicians, general emergency physicians, pediatric inten-
sive care physicians, pediatric surgeons, and general surgeons.

LEARNING OBJECTIVES
After completion of this article, the reader should be better

able to:

1. Discuss the risk factors for pediatric abdominal
compartment syndrome.

2. Describe diagnostic testing that can be utilized to identify
this syndrome.

3. Explain the management strategies for pediatric abdominal
compartment syndrome.

A bdominal compartment syndrome (ACS) is a surgical emer-
gency that requires prompt recognition and early intervention

to avoid serious complications.1 The effects of increased intra-
abdominal pressure (IAP) were first described in 1863, but it re-
ceived relatively little attention until the 1980s.2–5 It was at this
time that researchers and clinicians began to learn how increased
IAP could lead to multisystem organ dysfunction including re-
spiratory failure and renal impairment.6,7 This discovery fueled
research to better understand the pathophysiology behind ACS
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and its precursor, intra-abdominal hypertension (IAH), so that
superior therapeutic interventions could be developed. The term
ACS was officially coined by Fietsam et al8 in 1989.

Abdominal compartment syndrome can be challenging to di-
agnose. However, it is critical to recognize the symptoms early be-
cause delays in diagnosis are associated with increased morbidity
and mortality.9,10 Unfortunately, it may be particularly difficult to
diagnose ACS in the pediatric population owing to lack of pro-
vider familiarity with the diagnosis as well as the inherent chal-
lenges of eliciting a reliable history and physical examination in
critically ill pediatric patients. A recent survey suggested that
pediatricians are not as familiar with ACS compared with pro-
viders who care for adults.11 In addition, IAPs are not routinely
measured in the pediatric population.12–14

A recent multicenter study demonstrated that 44% of newly ad-
mitted, critically ill pediatric patients had IAH.15 Other studies have
found that the incidence of ACS specifically in pediatric intensive
care units was 1%,16,17 but that it increased to 18.7% among venti-
lated children.18 Overall mortality rates owing to ACS range from
32% to 68%,5,19,20 and mortality rates specifically in pediatric pa-
tients range from 40% to 64%.16,18,21,22 Although mortality due to
ACS in adults has decreased significantly, mortality due to ACS in
children has remained relatively stable.23–25 Part of this may be attrib-
uted to poor recognition of ACS in the pediatric population resulting
in delays in diagnosis and management. Therefore, it is essential that
providers are well versed in the evaluation and management of ACS.
ANATOMY AND PATHOPHYSIOLOGY
The World Society of the Abdominal Compartment Syn-

drome defines IAH as an IAP greater or equal to 12 mm Hg,
whereas ACS is defined as an IAP greater than 20 mm Hg lead-
ing to new organ dysfunction or failure.26 However, children
have a lower baseline IAP than adults, so ACS may occur when
IAP reaches 10 mm Hg.27,28

Although traditionally thought of as a postsurgical compli-
cation, ACS occurs in both medical and surgical patients, in-
cluding those with nonabdominal surgeries.29 Etiologies can
be subdivided into 4 major categories: diminished abdominal
wall compliance, increased intraluminal contents, increased in-
traperitoneal contents, and capillary leak leading to extravascu-
lar fluid accumulation.27 Examples of diminished abdominal
wall compliance includes gastroschisis, omphalocele, constricting
dressings, burn eschars, obesity, and tight closure after abdominal
surgery.30 Increased intraluminal contents may result from consti-
pation, ileus, and Hirschsprung disease.5 Increased intraperitoneal
contents may be caused by hepatomegaly, splenomegaly, intra-
abdominal tumors, ascites, and massive hemorrhage.5 Capillary
leak and fluid replacement may occur in the setting of sepsis, se-
vere pancreatitis, and extensive burns.31,32

Abdominal compartment syndrome is often classified into
primary, secondary, or recurrent ACS based upon the underlying
cause and duration. Primary ACS occurs in the presence of ab-
dominal pathology and can include causes such as infectious
enterocolitis, abdominal surgery, bowel perforation, and bowel
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TABLE 1. Grading of IAH in Children (Ejike 2011)35

IAH Grade IAP

Grade I 10–12 mm Hg
Grade II 13–15 mm Hg
Grade III 16–19 mm Hg
Grade IV ≥20 mm Hg
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obstruction.3,4,18 Secondary ACS occurs when the elevated IAP
results in end organ dysfunction in the absence of abdominal in-
jury and can occur in the setting of trauma, sepsis, shock states,
and aggressive fluid hydration.3,4,18 Finally, recurrent ACS oc-
curs when a patient with a prior episode of ACS redevelops
ACS due to either a primary or secondary etiology.3,4

HISTORY AND PHYSICAL EXAMINATION
Children presenting with ACS are usually critically ill and

may be limited in their ability to communicate and provide a his-
tory.22 Early symptoms of ACS may include abdominal pain, ab-
dominal distension, or increased work of breathing.33 Oliguria is
one of the first findings in ACS and is caused by renal venous
congestion as a result of renal vein compression.34 However,
symptoms are often generalized and nonspecific.35

The physical examination has also been shown to be unre-
liable and a poor predictor of increased IAP.36,37 Patients with
ACS may present with tachypnea, hypoventilation, abdominal
distension, abdominal tenderness, tachycardia, hypotension, sepsis,
or signs of peritonitis suggesting intestinal perforation or ische-
mia.9,25 Abdominal assessment of girth has been shown to be an un-
reliable index of IAP.36 One study found that attending intensivists
using clinical examination to diagnose elevated IAP in postopera-
tive patients had a sensitivity of 60.9%, specificity of 80.5%, and
positive predictive value of only 45.2%.37 In another study, clinical
estimation of increased IAP had a sensitivity of 56%, a specificity
of 87%, and a positive predictive value of 35%.38 Because of
the aforementioned limitations, more invasive testing is generally
required to confirm the diagnosis in these patients.

DIAGNOSTIC TESTING
Laboratory testing may demonstrate evidence of severe or-

gan dysfunction (eg, elevated lactate, creatinine, or liver function
testing).3,4 However, there are currently no laboratory studies that
are sufficiently sensitive or specific to facilitate the diagnosis.

Imaging studies may be helpful in suggesting the diagnosis
or elucidating underlying causes but cannot effectively rule out
the diagnosis. On chest radiograph, the presence of unilateral dia-
phragmatic elevation, pleural effusions, or lobar collapse may sug-
gest the diagnosis of ACS.3,4,39 Computed tomography findings
suggestive of ACS include massive abdominal distension, bowel
wall thickening, compression of the inferior vena cava, bilateral
inguinal herniation, direct renal compression, or tense infiltration
of the retroperitoneal space.39–43 In addition, computed tomogra-
phy may identify potential etiologies of elevated IAP such as asci-
tes, hematomas, or large intra-abdominal masses that can suggest
the diagnosis, as well as guide interventions.44

Intra-abdominal pressure can be measured in several ways.
Measuring it directly using intraperitoneal catheters or pressure
transducer needles placed directly into the peritoneal space is
highly accurate; however, the roles for this are limited owing to
its invasiveness and the potential risk of traumatic bowel injury.45

Consequently, IAP is usually measured indirectly using pressure
transducers that can be passed into the stomach (nasogastric),
bladder (intravesical), or colon (intracolonic). Intravesical pres-
sure monitoring via Foley catheter is by far the most commonly
used method of measuring IAP in adults and children.27,46

To measure intravesical pressure, patients are first placed in
the supine position. A Foley catheter is inserted, and the bladder
is drained. A pressure device is then attached to the Foley catheter,
and a pressure transducer is connected to this system. While the
pressure transducer is placed at the patient's mix-axillary line, iso-
tonic saline is instilled into the bladder through a 3-way stopcock
and the catheter is then clamped. For children weighing between
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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2.7 and 25 kg, 1 mL/kg of isotonic saline (up to a maximum of
25mL) is recommended for instillation volume.47 In childrenmore
than 25 kg, 25 mL of isotonic saline is the recommended instilla-
tion volume.20 No appropriate volume has been determined for in-
fants weighing under 2.7 kg.32 The transducer is zeroed, and the
pressure readings on the monitor are recorded.48 When assessing
IAP, it is recommended to wait 30 seconds after instilling saline
to allow the detrusor muscles to relax.27,49 In addition, the mea-
surement should be obtained at end exhalation to reduce false pos-
itives.27,49 Once the measurement has been obtained, the provider
should unclamp the Foley to fully decompress the bladder.

Intra-abdominal hypertension is defined as a prolonged IAP
greater than or equal to 10 mm Hg, whereas ACS is defined as an
IAP greater than 20 mm Hg with associated end-organ dysfunc-
tion.26,35 Although these definitions were initially designated for
adult patients, newer literature suggests that the IAP threshold
may be lower in pediatric patients.27 Intra-abdominal hypertension
is graded from I to IV, with increased morbidity and mortality as-
sociated with higher grades (Table 1).35

Abdominal perfusion pressure is defined as mean arterial
pressure minus the IAP. Abdominal perfusion pressure has been
studied as a resuscitative end point in ACS and was found to be
superior to mean arterial pressure and intravesicular pressure in
predicting patient survival from IAH and ACS.50 Abdominal per-
fusion pressure has shown clinical superiority when compared
with other resuscitative end points such as base deficit, arterial
pH, hourly urinary output, and arterial lactate.50

MANAGEMENT
Once ACS is identified, the key is to reduce the IAP and im-

prove organ function. Providers should aim to lower the IAP to below
10mmHg and keep the abdominal perfusion pressure to 35 mmHg
or greater in infants or greater than 50 mm Hg in children.29 The
management of ACS has 5 components: evacuate intraluminal con-
tents, remove intra-abdominal space-occupying fluid or masses, im-
prove abdominalwall compliance, optimize fluid administration and
perfusion, and consider decompressive laparotomy.9,20,27,29,51,52

Evacuate Intraluminal Contents
Ileus is a common finding in critically ill patients. When pres-

ent, nasogastric drainage can be a simple first step to decrease IAP
in these patients with consideration of a rectal cannula or enema for
distal decompression.27 Prokinetic agents like metoclopramide,
erythromycin, or neostigmine should also be considered.27 For
opioid-induced constipation, methylnaltrexone can exert prokinetic
effects.27 If the patient does not respond to pharmacologic ap-
proaches, endoscopy can be performed to facilitate decompres-
sion of the colon in select cases.4,9,53

Remove Intra-abdominal Space-Occupying
Fluid or Masses

Paracentesis should be considered in patients with ACSwho
have significant ascites.4,5,27,53 However, placement of a percu-
taneous drainage catheter may be preferable because it allows
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ongoing drainage of the intraperitoneal fluid andmay help avoid the
need for decompressive laparotomy in selected patients with second-
ary ACS.3,54–56 One study of pediatric patients with ACS who had
massive ascites found that percutaneous drainage of the abdominal
fluid significantly lowered the IAP and improved survival.57

Improve Abdominal Wall Compliance
Providers should first remove restrictive abdominal bandages

or binders.27 Next, it is important to ensure adequate pain control
and sedation.3,27,58,59 Among adult patients, administration of anal-
gesics through an epidural catheter was found to reduce the IAP
when comparedwith intravenous agents.60,61 However, further stud-
ies are needed to determine the benefit of this in pediatric patients.

Neuromuscular blockade has also been demonstrated to
decrease the IAP in patients with IAH.62–64 Therefore, a trial
of neuromuscular blocking agents should be considered when
other measures are ineffective.4 However, routine or prolonged
use of neuromuscular blockers should be avoided owing to their
potential adverse effects (eg, atelectasis, pneumonia, prolonged
weaning).27,62–64 In general, these agents should primarily be used as
a bridging technique while awaiting decompressive laparotomy.27,60

Optimize Fluid Administration and Perfusion
Excessive fluid resuscitation is an independent predictor of

IAH and should be avoided.3,25,65–67 In patients who are hypo-
tensive or septic with ACS, early vasopressor use should be
considered.27,66,68,69 Diuretics are unlikely to be effective in
these patients owing to third spacing of the fluid combined with
renal dysfunction from the ACS.70 Renal replacement therapy
using continuous hemofiltration or ultrafiltration may be con-
sidered in select cases with significant fluid overload.3,66,71

Decompressive Laparotomy
Decompressive laparotomy is recommended if the above

measures are unsuccessful.5,18,20,26,27,53,72–74 The timing of the
decompression is important, as one study of patients with
pancreatitis-induced ACS showed significantly worse outcomes
when decompression was performed more than 4 days after ad-
mission.10 Importantly, when ACS is relieved with laparotomy,
there is often a sudden improvement in both the patient's respira-
tory and cardiovascular function.75 However, a reperfusion effect
similar to that seen with limb compartment syndrome can occur.75

This causes a large release of intracellular contents into the circu-
lation that has the potential to cause cardiac arrhythmias and met-
abolic acidosis.75,76 It has been reported that the risk of asystolic
cardiac arrest can be up to 25% at the time of decompression.77
COMPLICATIONS
Abdominal compartment syndrome can result in damage to a

number of different organ systems. Intestinal ischemia and necro-
sis due to decreased perfusion can lead to bacterial translocation
across the gut mucosa and into the systemic circulation, as well
as the release of inflammatory mediators that can worsen a patient's
hemodynamic status.3,5,28,78–80 In addition, abdominal wall muscle
and fascial ischemia may contribute to infectious and noninfec-
tious wound complications (eg, dehiscence, herniation, necrotiz-
ing fasciitis) often seen in this patient population.81

The upward displacement of the diaphragm with IAH can re-
sult in compressive pulmonary atelectasis and ventilation-perfusion
mismatch.5 Transmission of this elevated pressure from the abdo-
men to the thoracic cavity through the diaphragm can lead to in-
creased intrathoracic pressure, reduced functional residual capacity,
smaller tidal volumes, and increased work of breathing.5 These can
876 www.pec-online.com
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subsequently lead to hypoxia, hypercapnia, and eventually re-
spiratory failure.49 The increased IAP may also worsen preload
by compressing the inferior vena cava, as well as afterload by
compressing the aorta.81 The inferior vena cava compression
can lead to venous stasis in the lower extremities, increasing
the risk of deep venous thrombosis or even limb compartment
syndrome.82 Moreover, the decrease in cardiac output can lead
to splanchnic and renal hypoperfusion, further worsening the
aforementioned conditions.5,83,84

Increased IAP also reduces venous return from the kidneys
by direct compression, leading to an increase in renal vascular
resistance, reduced renal blood flow, and decreased glomeru-
lar filtration rate.70 This can lead to reduced ability to clear
toxins, as well as fluid retention which can further increase
the IAP.85 Finally, IAH causes an increase in intracranial pres-
sure owing to reduced central venous return caused by the in-
creased intrathoracic pressure.81,86–88

Patients surviving ACS may also suffer long-term sequelae
including depression, chronic organ failure, hernias, and pro-
longed need for rehabilitation.49,89

DISPOSITION
Patients with ACS are generally critically ill and require ad-

mission to the intensive care unit. However, it can be easy to over-
look this disorder in these patients. Therefore, providers should
assess for the risk of ACS in critically ill patients, particularly if
patients will be in the Emergency Department for an extended pe-
riod of time.

CONCLUSIONS
Abdominal compartment syndrome is an emergent condition

caused by increased pressure within the abdominal compartment.
This article reviews the pathophysiology, historical and physical
examination findings, diagnostic strategies, and treatment for this
dangerous condition. Knowledge of this can assist providers in ef-
fectively identifying and managing this condition.
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