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Abstract

Abdominal compartment syndrome describes new organ dysfunction associated with an acute increase in intra-abdominal pressure. While this
condition is well described in adults, this syndrome is underappreciated in children and carries a high mortality rate. The pathophysiology
of abdominal compartment syndrome results in deleterious effects on multiple organs systems. However, monitoring for the development
of abdominal compartment syndrome remains controversial. Optimal treatment is predicated on prompt recognition of this syndrome and
emergent abdominal decompression. Specific considerations of the pathophysiology of abdominal compartment syndrome have important
clinical implications for anesthesia providers in the pre, intra and post-operative periods. In this article, we present a review of current literature
on this important topic with practical considerations for anesthetic management of these complex patients.
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Abbreviations: ACS: Abdominal Compartment Syndrome; APP: Abdominal Perfusion Pressure; CVP: Central Venous Pressure; CVPEE: End-
Expiratory CVP; IAH: Intra-Abdominal Hypertension; IAP: Intra-Abdominal Pressure; MAP: Mean Arterial Pressure; PPLAT: Airway Plateau

Pressure; CVPTM: Transmural Central Venous Pressure; WSACS: World Society on Abdominal Compartment Syndrome

Introduction

Abdominal compartmentsyndrome (ACS) describes new organ
dysfunction associated with an acute increase in intra-abdominal
pressure (IAP) [1]. While this syndrome is well described in adults,
itis often underappreciated in children and carries a high mortality
rate [2]. Anesthesiologists often encounter these children when
they present for emergent exploratory laparotomy for abdominal
decompression. The authors recently managed a 5-year-old child
who was presented for exploratory laparotomy for increasing
abdominal distension. She had a persistent metabolic acidosis
and concern for bowel ischemia based on distended bowel loops
with portal venous gas in the liver on abdominal x-ray. IAP was not
measured and thus the progression to abdominal compartment
syndrome was not appreciated. The girl suffered cardiac arrest
soon after the induction of anesthesia. Subsequent abdominal
decompression allowed successful resuscitation of the patient.
The preoperative diagnosis of ACS is crucial as the induction and

maintenance of anesthesia can exacerbate its pathophysiologic
effect and lead to adverse outcomes.

Discussion

The consequences of increased intra-abdominal hypertension
(IAH), specifically its effects on the cardiovascular, pulmonary and
renal systems are well described [3,4]. In pediatric populations,
the detrimental effect of increased IAP following repair of
omphalocele and gastroschisis are well known [5]. Despite this,
emergent abdominal decompression for ACS in children was
not described until 2000 [6-8]. In 2004, the World Society on
Abdominal Compartment Syndrome (WSACS) was founded and
published consensus definitions in 2006 [9]. These definitions
were last updated in 2013 and include clinical practice guidelines
and recommendations for both the adult and pediatric population
[10] (Table 1).
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Table 1: The WSACS Consensus Definitions and suggested pediatric definitions for ACS. Adapted with permission from Ejike et al. [2,15].

WSACS Consensus Definitions Suggested pediatric definitions
The steady-state pressure concealed within the abdominal cavity (expressed in
IAP - Same
mmHg and measured at end expiration)
Normal . S . S . .
IAP Approximately 5-7 mmHg in critically ill adults 4-10 mmHg in critically ill children
APP The difference between MAP and IAP Same
. . - A sustained or repeated pathological elevation in
IAH A sustained or repeated pathological elevation in IAP = 12 mmHg IAP > 10 mmHg
ACS A sustained IAP > 20 mmHg (with or without APP < 60 mm Hg) that is associated A sustained IAP of greater than 10 mm Hg associ-
with new organ dysfunction/failure ated with new organ dysfunction/failure
Prima- A condition associated with injury or disease in the abdominopelvic region that Same
ry ACS frequently requires early surgical or intervention radiological intervention
Sec-
ondary A condition that does not originate from the abdominopelvic region Same
ACS

Incidence and Risk Factors for Intraabdominal
Hypertension and Abdominal Compartment Syndrome
in Children

In adults the reported incidence of IAH varies from 18%
to 81% and that of ACS is between 1% and 60% [11,12]. In
children, the incidences of IAH and ACS are lower at 9% and
4% respectively [13]. This lower incidence may be explained by

Table 2: Risk factors for IAH and ACS in children.

the greater distensibility of the abdominal wall in children [14].
Additionally, ACS is still likely underreported in children despite
a high mortality range of 40-60%.13 WSACS has categorized risk
factors in adults for developing ACS which have been modified to
reflect common pathology for pediatric patients (Table 2) [2,10].
Additional parameters including abdominal distension and a
ventilation plateau pressure of more than 30 mmHg were also
found to be independent predictors of [AH [14].

1. Diminished Abdominal Wall Compliance e.g.,

3. Increased Intra-Abdominal Contents e.g.,

i) Gastroschisis, omphalocele.
ii) Third-degree circumferential abdominal wall burns.
iiii) Abdominal surgery with tight closure.

i) intra-abdominal tumors

ii) ascites

iiii) intraperitoneal or retroperitonea hemorrhage
iv) intra-abdominal abscess

2. Increased Intraluminal Contents e.g.,

4. Capillary Leak/Fluid Resuscitation e.g.,

i) Accumulation of air, stool or fluid in the intestines as seen in
ii)) Hirschsprung’s disease
iiii) Toxic megacolon
iv) Ileus
V) Volvulus

i) Aggressive fluid resuscitation
ii) Systemic inflammatory response syndrome
iiii) Sepsis

Pathophysiology of Abdominal Compartment Syndrome

ACS is due to an increase in IAP either from an increase in
abdominal contents, a decrease in abdominal wall compliance,
or both. Although data is limited, Ejike et al, have demonstrated
that IAP in children during critical illness is between 4- and 10-
mm Hg [15]. Based on this, WSCAS defined IAH in children as a
pathological elevation in IAP > 10 mmHg [9,10]. Progressive
increases in IAP have deleterious effects on nearly every
abdominal and extra-abdominal end organ function. (Figure 1). An
increase in IAP decreases splanchnic, hepatic and renal perfusion.
Animal experiments using radioactive microspheres to measure
intra-abdominal organ blood flow demonstrate a decrease in

blood flow to all intra-abdominal organs (except adrenal glands)
when IAP is increased to > 20 mmHg [16]. Mesenteric arterial
and mucosal blood flow decreases significantly at an IAP of 20
mmHg despite minimal changes in cardiac output in anesthetized
pigs [17]. In patients undergoing laparoscopy, gastric mucosal
oxygen saturation decreases with moderate increases in IAP
to 8 mmHg [18]. The resulting intestinal ischemia may cause
bacterial translocation across the gut mucosa into the systemic
circulation leading to the release of pro-inflammatory cytokines
and a systemic inflammatory response [19]. Glucose metabolism,
lactate clearance, cytochrome p450 activity and mitochondrial
function are also deranged leading to metabolic acidosis [2].
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Figure 1: Systemic pathophysiologic effects of ACS. CNS=central nervous system; ICP=intracranial pressure; CPP=cerebral perfusion
pressure; CVS=cardiovascular system; IVC=inferior vena cava; VR=venous return; CO=cardiac output; CVP=central venous pressure;
PAOP=pulmonary artery occlusion pressure; Gl=gastrointestinal; pHi=gastric mucosal pH; RS=respiratory system; ITP=intrathoracic
pressure; Paw=peak airway pressure; PaO2=arterial oxygen tension; PaCO2=arterial carbon dioxide tension; GFR=glomerular filtration
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ACS is associated with a decrease in renal blood flow and
glomerular filtration rate due to direct compression of the kidneys,
reduced cardiacoutputand anincrease inrenal vascular resistance.
This results in reduced urine output and worsening fluid retention
[20,21]. Oliguria occurs between 15 and 20 mmHg of IAP which
can progress to anuria when IAP exceeds 30 mmHg [21]. Lung
function may also be affected, as rising IAP causes cephalad
displacement of the diaphragm leading to increased intra-thoracic
and pleural pressures which results in a progressive reduction in
lung and chest wall compliance and atelectasis [22]. This leads to
increased ventilatory-perfusion mismatch and pulmonary dead
space resulting hypoxia and hypercapnia. Collectively, this may
precipitate the need for mechanical ventilation. Hemodynamics
alterations are observed when IAP increases > 20 mmHg through
changes in preload, afterload and intrathoracic pressure. Direct

compression of the inferior vena cava and portal vein decreases
preload and consequently cardiac output. Increased intra-thoracic
pressure from elevation of the diaphragm leads to compression
of the heart, decreasing ventricular end-diastolic volume and
consequently cardiac output [23]. Increased systemic vascular
resistance due to direct compression of abdominal vascular
beds results in an initial increase in mean arterial pressure.
However, a subsequent decline in arterial pressure occurs as the
left ventricular compliance decreases from increasing afterload
resulting in decreased cardiac output. The lower cardiac output
contributes to poor perfusion and accelerates multi-organ failure.
Finally, IAH may elevate intracranial pressure especially in patients
with concomitant head injuries due to functional obstruction of
cerebral venous flow [24]. Because of these multisystem effects,
untreated ACS can result in multi-organ failure and death [2].
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Measurement of Intra-abdominal Pressure

Clinical examination is an inaccurate predictor of IAP and
should not be substituted for IAP measurement [25]. The most
accurate method of determining IAP is direct transcutaneous
measurement by needle or catheter placement in the peritoneal
space with pressure wave transduction [26]. Complications
of this approach include bowel perforation and peritoneal
contamination [17]. Indirect methods of measurement include
intravesical, gastric, rectal, uterine, inferior vena cava and airway
pressure measurements. Of these, intra-vesicular measurement,
has become the gold standard [9]. This method is performed via
a urethral catheter placed in the bladder after instilling 1 ml/kg
(minimum of 3 ml to a maximum of 25 ml) of saline [18]. The
level of the pubic symphysis serves as a reference point allowing
transduction of the pressure gradient between the bladder and the
transducer. Common sources of error with the intravesical method
of IAP measurement include air bubbles in the system, incorrect
positioning of the pressure transducer and catheter blockage [26].
The WSACS recommends measuring IAP when any known risk
factors for IAH/ACS are present in critically ill or injured patients.
If IAH is detected, IAP monitoring should be used for detection
and management of ACS [9]. In spite of these recommendations,
intra-vesicular measurements are not done frequently as they are
time consuming, discontinuous, observer dependent and increase
risk of urinary tract infections. Recently, an air-capsule-based
measurement of intra-gastric pressure has been described which
is continuous, fully automated, and operator-independent. In this
method, IAP is monitored via a customized nasogastric tube and
agrees favorably with IVP [27].

Prevention and Management of Abdominal

Compartment Syndrome

Conservative management of IAH is predicated on halting
the progressive rise of IAP. Medical options to reduce IAP include
improving abdominal wall compliance (e.g. use of neuromuscular
blockade, or analgesia), evacuation of intra-luminal contents via
gastric or rectal tube, evacuation of abdominal fluid collections
via paracentesis and optimization of fluid balance [10,28].
Specific to pediatric patients, WSACS recommends maintaining
a high degree of clinical suspicion for IAH/ACS. This includes
measuring IAP in the presence of known risk factors, utilization
of protocolized monitoring in critically ill patients, percutaneous
catheter drainage when technically feasible, negative pressure
wound therapy for open abdominal wounds and avoidance of
excessive fluid resuscitation [1]. The endpoint of resuscitative
therapy remains controversial and was not specifically addressed
for pediatric patients in the 2013 WSACS guidelines.10 However,
abdominal perfusion pressure (APP) defined as mean arterial
pressure (MAP) minus IAP has been suggested to be a superior
predictor of end organ damage than IAP alone [25,29]. APPs of
50-60 mmHg may be a better resuscitation endpoint compared to
arterial pH, base deficit, arterial lactate or hourly urine output in

adult surgical patients [19]. In children, due to a wider range of
age-appropriate MAPs, a single value of IAP or APP is impractical.
Pediatric studies defining criteria for decompression and adequate
IAPs are warranted. When 1AH progresses to ACS despite medical
measures, decompressive laparotomy should be undertaken
[28]. The goal of laparotomy is to reverse the effects of end
organ dysfunction and improve cardiac preload, decrease airway
pressures, lower oxygen requirements and restore hemodynamic
stability [30].

Anesthetic Implications in Children with Abdominal
Compartment Syndrome

ACS in pediatric patients creates challenges for anesthesia
providers in the peri, intra and post-operative periods.
Perioperatively, patients presenting with ACS to the operating
room often do so emergently and consequently may not have
time for adequate perioperative optimization. These patients
often have a tenuous volume status and clinical evaluation is
challenging. A positive fluid balance has been associated with
organ dysfunction, and thus colloid and hypertonic fluid may
be preferred to crystalloids for resuscitation [31]. However,
overly aggressive fluid resuscitation may contribute to further
development of ACS as noted by Pearson et al in children where
large volume resuscitation was required.30 Pediatric patients
with ACS also typically present with a degree of renal dysfunction
that may affect drug metabolism and volume of distribution [21].
Venous access in the upper extremities is preferred as blood flow
to the lower extremities may be compromised from compression
of the IVC [32]. Intraoperatively, anesthetic induction in these
children may result in further hemodynamic deterioration.
As previously discussed, ACS is associated with decreased
cardiac preload, output and pulmonary reserve. Induction with
propofol or methohexital should be titrated cautiously because
of their depressive effect on the cardiovascular system [33,34].
Alternatively, ketamine may be utilized with less myocardial
depression.34 While etomidate maintains cardiovascular stability,
it is now associated with greater 30-day mortality, cardiovascular
morbidity and increased length of hospital stay in adults [35].
The effects of etomidate on adrenocorticoid suppression are
still under investigation in pediatric patients [36]. Regardless of
strategy, all induction agents should be titrated carefully to clinical
effect. Neuromuscular blockers should be utilized to facilitate
laryngoscopy and improve abdominal wall compliance [10]. Due
to the tenuous clinical condition of these patients, the attending
surgeon should be present for induction of anesthesia and be
prepared to perform a decompressive laparotomy in the event of
acute cardiovascular collapse.

Intraoperative ventilation and oxygenation should be
optimized with appropriate alveolar recruitment measures and
PEEP. Providers should be aware that excessive PEEP or tidal
volume can further reduce preload and cardiac output [37]. Above
an IAP of 5 mmHg, 50% of the IAP is transmitted to airway plateau
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pressure (PPLAT) at a constant tidal volume. Hence, airway
pressure can best be interpreted as PPLAT = Plateau - 0.5 * [AP.10,
[38]. Therefore, anesthesia providers should focus on controlling
tidal volume instead of restricting PPLAT to ensure adequate
ventilation [39]. The IAP should be monitored intraoperatively
to aid in optimization of ventilation prior to decompressive
laparotomy, during abdominal closure and postoperatively.
In patients undergoing a procedure other than abdominal
surgery, abdominal pressures should be carefully monitored
throughout the period of anesthesia management. Resuscitation
in these critically ill children should be further guided by invasive
monitoring including central venous pressure, arterial pressure
and arterial blood gas analysis as indicated. However, anesthesia
providers need to be mindful with interpretation invasive monitor
data. Transmission of IAP to intrathoracic pressure (ITP) can lead
to erroneously elevated intracardiac filling pressures that are
not reflective of true intravascular volume status.39 Therefore,
measuring transmural central venous pressure (CVPTM) is
recommended and can be calculated by end-expiratory CVP
(CVPEE) - ITP. Assuming 50% of IAP is transmitted to the thorax,
CVPTM can be calculated as: CVPTM = CVPEE - IAP*0.5 [32,40].

Following successful decompression, there may be immediate
circulation of vasoactive mediators like effect seen in limb
compartment syndrome [28,41]. Anesthesia providers should
be prepared to treat resulting hypotension and/or arrythmias
[41]. Following successful decompression, the decision to remain
intubated is nuanced and dependent on multiple factors including
patient age, success of abdominal closure, hemodynamic status,
and fluid status. The abdomen may be left open postoperatively
in selected patients to prevent ACS [42]. Respiratory mechanics
during abdominal wall closure should be closely monitored to
ensure adequate ventilation. However, peak airway pressures
do not accurately reflect IAP. Therefore, airway pressures as a
surrogate for IAP should be used with caution [43]. Patients may
return to the operating room over several days for a staged closure.

Conclusion

Although ACS is associated with a high mortality there is little
knowledge about the optimal method to manage this condition. A
survey of pediatric intensive care physicians established that 24%
were unaware of the utility of bladder pressure measurement
while 33% would not consider use of decompressive laparotomy
to treat ACS [44]. Increased awareness of the implications of ACS
and tools for management may improve outcomes in pediatric
patients. This has been shown in adults where evidence-based
management of IAH and ACS, including prophylactic use of an
open abdomen, resulted in increased survival and a decrease
in resource utilization [45]. A similar approach in pediatric
patients may be warranted. Pearson et al suggest that early
decompressive laparotomy in patients with elevated ventilatory
pressures, persistent oliguria, serum lactate greater than 3mg/dL,

or elevated intravesical pressures.30 Extracorporeal Membrane
Oxygenation may be part of a strategy to manage these complex
patients with open or closed abdomens [46]. Additional research
is needed to establish the role of IAP measurements in improving
outcomes in pediatric patients as well as more discrete criteria for
management of this potentially fatal condition.
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