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 Definitions
To date, the most common way to measure intraabdominal pressure 
(IAP) is the intravesical technique via a urinary catheter (often referred 
to as urinary bladder pressure).1-3 The mean value of IAP in hospitalized 
nontrauma patients is 6.5 mm Hg (range, 0.2-16.2 mm Hg).4 In criti-
cally ill ICU patients or trauma patients with shock and subsequent 
resuscitation, IAP is typically higher (12-16 mm Hg).5

Intraabdominal hypertension (IAH) is defined as IAP greater than 
12 mm Hg without pathophysiology of ACS. IAH is graded from I to 
IV based on the IAP value (grade I: 12-15 mm Hg; grade II: 
16-20 mm Hg; grade III: 21-25 mm Hg; grade IV: above 25 mm Hg).

Abdominal compartment syndrome (ACS) is defined as a sustained 
IAP greater than 20 mm Hg that is associated with new organ 
dysfunction/failure.

Primary ACS is a condition associated with injury or disease in the 
abdominopelvic region that frequently requires early surgical or inter-
ventional radiologic intervention.

Secondary ACS refers to conditions that do not originate from the 
abdominopelvic region.

 Damage Control
Patients undergoing laparotomy for major abdominal bleeding or 
sepsis are at risk for entering a “vicious circle” of acidosis, hypothermia, 
and coagulopathy; selected patients benefit from an abbreviated lapa-
rotomy (“damage-control” strategy).6,7 The goals are to quickly control 
bleeding and prevent further contamination or spillage from hollow 
viscus perforations. The abdomen is temporarily closed without fascial 
approximation, and the patient is triaged to the intensive care unit 
(ICU), where resuscitation can be optimized and the vicious-circle 
physiology corrected. Damage control has saved the lives of severely 
injured and septic patients who otherwise would have died. Neverthe-
less, use of damage control has created new challenges for clinicians, 
including recognition and management of ACS, management of the 
open abdomen, and early multiple organ failure (MOF).

ABDOMINAL DECOMPRESSION

Traditionally, abdominal decompression has been done through a full 
midline laparotomy. Recently, other techniques such as transverse lapa-
rotomy, percutaneous drainage of the intraperitoneal fluid, and mini-
mally invasive linea alba fasciotomy were described as potentially 
useful methods in selected cases. Except from percutaneous drainage, 
these methods increase the volume of the abdominal cavity and thus 
decrease the IAP. An interposition material (e.g., opened intravenous 
fluid bag [Bogota bag], synthetic mesh, or vacuum-assisted closure 
system) is attached to the fascial or skin edges to prevent bowel evis-
ceration. The less invasive procedures can be performed at the bedside 
in the ICU. Decompressive laparotomy can be done in the ICU in 
extremis cases but is generally preferred to be done in the operating 
room, especially when further intraabdominal procedures are antici-
pated, not just the opening of the fascia.

 Historical Perspective
After 2 decades of re-recognition, ACS is still a heavily investigated 
critical care topic. Before the most recent description, IAP  

measurement, intraabdominal hypertension and ACS-related patho-
physiology were investigated and published more than 150 years ago 
in both animal and human studies.8,9 Initially, IAP was thought to be 
negative (subatmospheric), but by the beginning of the 20th century, 
animal studies verified that IAP is generally positive and if significantly 
increased can cause cardiac failure.10 These laboratory observations 
had little impact on clinical practice until the 1950s, when pediatric 
surgeons recognized the catastrophic consequences of acutely closing 
large congenital abdominal defects. Silo closure with gradual reduction 
of the abdominal defect was recommended to prevent fulminant organ 
failures.11 In the 1980s, vascular surgeons described ACS after abdomi-
nal aortic aneurysm surgery. Additionally, they described the present 
technique of IAP measurement and used high IAP as a criterion for 
re-exploration.1 However, it was not until the 1990s, when trauma 
surgeons adopted the liberal use of the damage-control strategy, that 
sufficient numbers of patients were available to define the epide
miology and pathophysiology of this previously rare and elusive 
complication.12-15 Early observational case descriptions and retrospec-
tive series allowed for development of appropriate prospective epide-
miologic characterization. These clinical observations stimulated 
laboratory investigations which have revealed some surprising and 
potentially important immunologic consequences of decompressive 
laparotomy of ACS after traumatic shock resuscitation (i.e., it may 
serve as a “second hit” in the systemic inflammatory response that 
causes early MOF).15 Parallel with these advances in understanding 
postinjury ACS is the recognition that ACS occurs in a variety of clini-
cal scenarios such as extreme constipation,16 ovarian hyperstimula-
tion,17 noninvasive ventilation,18 pancreatitis,19 and severe burns.20 
Since 2004, the World Society of the Abdominal Compartment Syn-
drome has offered leadership in consensus definitions, regular confer-
ences, educational material, and organization of clinical trials.

 Intraabdominal Pressure Measurement
Clinical examination of the abdomen is inaccurate for determining the 
presence of intraabdominal hypertension.21,22 A standardized measure-
ment of IAP is fundamental to the definition of intraabdominal hyper-
tension and ACS.1,2 IAP has been measured in virtually all parts of the 
abdominal cavity. The intravesical technique using a standard urinary 
catheter seems to be the most reliable and least invasive method. The 
rationale is that IAP is transmitted to the urinary bladder, which serves 
as a pressure transducer when filled with normal saline. Traditionally, 
a larger volume of saline was recommended, but recent studies showed 
that as little as 20 mL of instilled normal saline is enough for accurate 
measurement. Pressure is conducted by the fluid in the bladder to fluid 
in the urinary catheter, which is clamped during the interval when 
pressure is being measured. Pressure in the catheter tubing can be 
measured by inserting a sterile needle into the sample port of the 
catheter tube. Alternatively, a T-piece with three-way stopcock can be 
inserted into the catheter tube, connecting one limb to a strain-gauge 
pressure transducer.23 The intravesical technique has been shown to 
correlate well with IAP measured directly using a laparoscopic insuf-
flator.24 The vesical route is more accurate than the use of rectal and 
gastric probes, which tend to provide different readouts, depending on 
the position of the patient.24 Animal studies have shown that the pres-
sure in the inferior vena cava correlates well with the vesical pressure,25 
but the inferior vena caval and direct peritoneal routes are more inva-
sive. The urinary bladder pressure technique for IAP measurement was 
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 Pathophysiologic Response 
of Specific Organs
CEREBRAL PERFUSION

Increased IAP forces the diaphragm cephalad, thus decreasing the size 
of the thoracic cavity and causing intrathoracic pressure to increase. 
High intrathoracic pressure increases jugular venous pressure and 
impedes venous return from the brain. This effect can increase intra-
cranial pressure and consequently decrease cerebral blood flow.28-30 
The effect of intraabdominal hypertension on intracranial pressure is 
especially relevant in severe blunt trauma, because head and abdomi-
nal injuries frequently coexist.

CARDIAC FUNCTION

Increased IAP impedes venous return to the heart, causing sequestra-
tion of blood in the lower extremities. High intrathoracic pressure 
increases central venous pressure and pulmonary capillary wedge pres-
sure but does not increase right or left ventricular end-diastolic volume. 
In other words, when intrathoracic pressure is increased, central 
venous and pulmonary capillary wedge pressures are not reliable 
indices for assessing the adequacy of preload. Simultaneously, left ven-
tricular afterload increases owing to increased systemic vascular resis-
tance. Increased intrathoracic pressure can increase right ventricular 
afterload, potentially leading to right ventricular failure and dilation, 
with consequent leftward displacement of the ventricular septum and 
impairment of left ventricular filling.31-34 Cardiac failure with elevated 
pulmonary capillary wedge pressure, increased systemic vascular resis-
tance, and decreased cardiac index is a typical finding in profound 
intraabdominal hypertension and defines ACS. The cardiac index 
usually does not respond to fluid challenges, which can be detrimental 
if the underlying cause (ACS) is not treated. The cardiac index’s 
response to decompression is predictive of outcome; patients who 
survive have a significantly greater increase in cardiac index after 
decompression than those who subsequently die.5

RESPIRATORY FUNCTION

Increased IAP pushes the diaphragm into the thoracic cavity. Thoracic 
compliance decreases, and increased airway pressure is required for 
mechanical ventilation. Additionally, functional residual capacity 
decreases, and ventilation/perfusion mismatching increases, leading to 
impaired oxygenation.34,35 In the setting of massive resuscitation, these 
changes can be misinterpreted as being caused by acute lung injury. 
Historically, ACS was diagnosed by the presence of a firm abdomen in 
the setting of oliguria and increased airway pressures. Although airway 
pressure promptly decreases in response to abdominal decompression, 
this finding does not differentiate survivors from nonsurvivors.5 The 
peak airway pressure is an important parameter to monitor during 
attempted primary fascial closure after laparotomy when ACS is a pos-
sible complication.

RENAL FUNCTION

Oliguria or anuria despite aggressive fluid resuscitation is a typical sign 
of ACS. Mechanisms responsible for decreased renal function include 
direct compression of the renal parenchyma, decreased perfusion of the 
kidneys due to decreased cardiac index, and increased water and sodium 
retention due to activation of the renin-angiotensin system.36-38 The 
usual threshold for defining acute oliguria—urinary output less than 
0.5 mL/kg/h—should be used cautiously and considered in the context 
of the magnitude of the resuscitation. Among patients who require 
massive resuscitation, the index of suspicion for ACS should be high 
when urinary output is less than 1 mL/kg/h.5

originally described by Kron et al.3 and validated by Iberti et al.26 The 
technique was simplified by Sugrue et al., who described the insertion 
of a T-connector into the drainage tubing.23 This modification elimi-
nated the need for multiple needle insertions into the sample port and 
minimized the risk of needlestick injury and microbial contamination 
of the bladder. This technique is relatively simple and can be per-
formed in any ICU where a pressure transducer is available. Several 
proprietary devices are available for clinicians. Unfortunately, obtain-
ing an accurate measurement requires about 7 minutes of nursing 
time, limiting the frequency with which measurements can be obtained. 
Even when personnel are highly aware of the possible consequences of 
ACS, screening measurements of IAP are rarely obtained more often 
than every 4 hours. ACS can develop 4 to 6 hours after ICU admission 
in patients who are at high risk.5 The standard protocol for intermittent 
measurements of IAP does not provide information about the dura-
tion of intraabdominal hypertension. To address these shortcomings 
(labor intensity, intermittent nature), a continuous IAP measurement 
technique was developed and is currently being validated. The IAP can 
be continuously measured without clamping the tubing and instilling 
fluid into the bladder. For this new method, a standard three-way 
catheter is inserted, and the pressure transducer is connected to the 
saline-filled irrigation port. Once the setup is zeroed, the continuous 
IAP trace can be monitored without any further intervention or inter-
ference with the urine flow or tubing; this is the Balogh-Sugrue 
technique.27

 Pathophysiology
The pathophysiologic effects of increased pressure in a closed body 
compartment are well described in other regions (e.g., tension pneu-
mothorax, pericardial tamponade, increased intracranial pressure, 
extremity compartment syndromes) and are taught in the basic 
medical curriculum. The abdominal cavity is a “neglected” compart-
ment (see Historical Perspective). The volume of the abdominal cavity 
is limited by its least tensile component, the fascia. Increased pressure 
can be due to an increase in the volume of the abdominal contents or 
to a decrease in the volume of the “container” (Table 201-1). After IAP 
increases to greater than 20 mm Hg, the abdominal cavity is on the 
steep portion of its pressure-volume curve, and as a result, small 
increases in content volume or decreases in cavity volume can cause 
dramatic increases in IAP. This is when close monitoring of IAP (pref-
erably continuously) and organ function is essential for timely 
intervention.

Causes of Intraabdominal Hypertension and 
Abdominal Compartment Syndrome

Increased Abdominal Contents Decreased Abdominal Volume

Ascites Reduction of large long-standing 
hernia

Hemoperitoneum Direct closure of large, long-standing 
abdominal wall defect

Visceral edema Circumferential abdominal-wall burn
Continuous positive-pressure 

ventilation
Abdominal packs
Peritonitis
Retroperitoneal edema (pancreatitis) Retroperitoneal edema (pancreatitis)
Large pelvic, retroperitoneal 

hematoma
Large pelvic, retroperitoneal hematoma

Intestinal obstruction
Ileus
Gastric distention (esophageal 

ventilation)
Abdominal aortic aneurysm
Severe constipation
Large abdominal tumor (chronic)
Morbid obesity (chronic)
Pregnancy (chronic)

TABLE 
201-1 
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PRIMARY VERSUS SECONDARY

Irrespective of cause, the presence of intraperitoneal pathology defines 
primary ACS. A typical case is one in which the damage-control para-
digm was followed and perihepatic packing, combined with temporary 
closure of the abdominal wall, was used to tamponade bleeding from 
the liver.48 As time progressed, intraabdominal bleeding and bowel 
edema (secondary to resuscitation) caused the volume of the intraab-
dominal contents to increase, precipitating ACS. Recognition of this 
problem has prompted trauma surgeons to leave the abdominal inci-
sion open after many damage-control procedures, reducing but not 
eliminating the risk of ACS. Primary ACS can also occur in patients 
who fail nonoperative management of abdominal organ injuries 
because of ongoing bleeding.49

Secondary ACS typically occurs in the setting of severe shock requir-
ing massive resuscitation (whole body ischemia-reperfusion injury) in 
the absence of intraperitoneal pathology or injury.5 Because there is no 
abdominal cause, secondary ACS is a more elusive diagnosis, and rec-
ognition is often delayed.50 Typical causes are hypovolemic shock 
related to multiple open extremity fractures, unstable pelvic fractures, 
penetrating chest injuries,51 and severe burns.52 Secondary ACS can 
also develop during resuscitation for septic shock.53

ETIOLOGIC CLASSIFICATION

Classification of ACS based on the underlying cause is highly relevant 
because the underlying disease process and its treatment are contribut-
ing factors in the pathophysiology of the syndrome.

 Epidemiology
INCIDENCE

Because of different definitions and different study populations, the 
reported incidence of ACS is inconsistent. In the trauma literature of 
the mid-1990s, the reported incidence among high-risk patients 
undergoing laparotomy varied from 3% to 36%.15 Fietsam and col-
leagues reported a 4% incidence of ACS in patients undergoing opera-
tion with primary fascial closure for ruptured abdominal aortic 
aneurysms.54 Malbrain prospectively investigated medical ICU patients 
and documented the incidence of ACS at 2%.55

Another issue is that the epidemiology of ACS changes as treatment 
strategies evolve. For example, Meldrum et al.56 and Balogh et al.3 
studied similar traumatic shock populations, and both reported that 
the incidence of ACS was 14%. These two studies, however, were per-
formed 6 years apart. In the earlier series reported by Meldrum, only 
primary ACS was considered, and liberal use of the open abdomen was 
just starting. In contrast, in the series described by Balogh 6 years later, 
the abdomen was initially left open in virtually all cases of damage-
control laparotomy (Bogota bag closure), and this strategy was associ-
ated with a decreased incidence of primary ACS. However, the 
previously unrecognized problem of secondary ACS was now an 
equally prevalent clinical entity.

If intraabdominal hypertension is used as a surrogate for ACS, the 
incidence is higher but similarly inconsistent. Sugrue and colleagues 
reported that the incidence of intraabdominal hypertension among 
general surgical patients undergoing laparotomy was 33% to 81%, 
depending on the definition (20 mm Hg or 18 mm Hg).23,38 In a study 
of medical patients, Malbrain reported that the incidence of intraab-
dominal hypertension was only 18%, despite using a liberal cutoff 
value (12 mm Hg).55 Using a cutoff value of 20 mm Hg, Balogh and 
coworkers reported a 39% incidence of intraabdominal hypertension 
in a cohort of patients with severe traumatic shock.57 Ivatury 
et al. reported that the incidence of intraabdominal hypertension was 
32% among patients with life-threatening penetrating abdominal 
trauma.42

GUT FUNCTION

Increased IAP impairs splanchnic perfusion by decreasing the cardiac 
index and increasing splanchnic vascular resistance. When severe, 
tissue ischemia can result.39-42 Intestinal perfusion can be assessed 
objectively using gastric tonometry. Decreased gastric intramural pH 
(pHi), increased gastric regional partial pressure of carbon dioxide 
(Pco2), and a wide gap between gastric regional Pco2 and end-tidal 
Pco2 are all indicators of impaired abdominal visceral perfusion. 
Combined with urinary bladder pressure measurements, the newer 
semicontinuous tonometers are an excellent adjunct for the early iden-
tification of impending ACS.3 Moreover, the physiologic response to 
decompression can be evaluated by assessing changes in pHi and 
related parameters using gastric tonometry.5

EXTREMITY PERFUSION

Increased IAP increases femoral venous pressure, increases peripheral 
vascular resistance, and reduces femoral artery blood flow by as much 
as 65%.43

MICROCIRCULATION

Laboratory studies have shown that decompression of ACS causes 
circulating neutrophils to increase CD11b adhesion receptor expres-
sion.44 Decompression of ACS is also associated with the release 
of cytokines into the portal circulation and increased lung permeabil-
ity, similar in degree to that seen after hemorrhagic shock and resus-
citation.44,45 Moreover, when ACS decompression is appropriately 
sequenced with hemorrhagic shock, it can serve as a “second hit” (i.e., 
ACS decompression 8 hours after hemorrhagic shock causes more 
intense acute lung injury than does ACS decompression 2 or 18 hours 
after shock).44-46

 Classification
ACS can be classified based on the duration of the syndrome, the pres-
ence or absence of intraperitoneal pathology, and the cause of the 
raised IAP (Table 201-2).

ACUTE VERSUS CHRONIC

The pathophysiologic responses described earlier are usually acute 
phenomena in critically ill or injured patients. However, the organ 
dysfunctions characterizing ACS can be present for long periods 
(chronic intraabdominal hypertension or ACS) in certain clinical con-
ditions such as morbid obesity, chronic constipation, and pregnancy. 
In morbid obesity, chronic headaches and tinnitus are features of per-
sistently increased intracranial pressure. The symptoms markedly 
improve when a special device is used to apply negative pressure to the 
abdomen to decrease IAP.47

Classification of Abdominal Compartment Syndrome

Basis of Classification Subcategories

Time frame Acute
Chronic

Relation to peritoneal cavity Primary
Secondary

Etiology Trauma
Burn
Postoperative
Pancreatitis
Bowel obstruction
Ileus
Abdominal aortic aneurysm
Oncologic
Gynecologic

TABLE 
201-2 
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substantial risk for ACS, the time of insult is defined, and the subse-
quent treatment (resuscitation) can be standardized. We therefore per-
formed a multiple logistic regression analysis on a prospective database 
of major torso trauma patients who required shock resuscitation.5 
Given the early occurrence of postinjury ACS, we focused our predic-
tion models on the first 6 hours after hospital admission. We developed 
two prediction models: emergency department (ED) model (0-3 
hours; i.e., all patients had an initial diagnostic workup and clinical 
laboratory results and were discharged from the ED) and ICU model 
(0-6 hours; i.e., all patients were admitted to the ICU, and their first 
physiologic monitor and clinical laboratory measurements on a stan-
dardized resuscitation protocol were available). Our goals were to iden-
tify the independent risk factors that may be causative and to build 
prediction models that could identify high-risk patients early during 
resuscitation so that standard care could be modified to prevent or 
improve the outcome of patients at risk for ACS.

The variables used in the multivariate prediction models included 
demographic parameters, shock severity, injury severity, interventions, 
hospital times, crystalloid and blood volumes, and vital signs. In the 
ICU, they also included initial pulmonary artery catheter readings, 
mechanical ventilator settings and response parameters, gastric tonom-
etry data, and blood gas, clinical chemistry, and coagulation results. 
Among these variables, those listed in Table 201-3 were found to be 
independent risk factors for ACS. The primary ACS predictors at ICU 
admission (low temperature, low hemoglobin concentration, high base 
deficit) are all indicators of the so-called vicious circle physiology, the 
reason damage-control surgery is elected. The secondary ACS predic-
tors (high crystalloid infusion volume, impaired renal function) 
suggest that the process is strongly related to the standard of care in 
the United States during the late 1990s (i.e., crystalloid resuscitation). 
The receiver operator characteristic analysis showed that ACS can be 
predicted with 0.88 accuracy at the time of ED discharge and, surpris-
ingly, with 0.99 accuracy 1 hour after ICU admission with adequate 
monitoring. Use of these predictors together (even without urinary 
bladder pressure measurements) permits very early detection of the 
impaired physiologic findings characteristic of ACS. Because the pre-
dictors of ACS include both physiologic measurements and resuscita-
tive interventions, this model should perform better in clinical 
situations during ongoing resuscitation than arbitrary urinary bladder 
pressure and organ dysfunction thresholds.56 The ED model (≈3 hours 
after admission) is very sensitive (overinclusive), which minimizes the 
chance of missing ACS patients; the ICU model (≈6 hours after 
hospital admission) is very specific and can pinpoint individuals at 
highest risk.

 Treatment
NONSURGICAL METHODS

Support of early organ dysfunction by traditional ICU interventions 
is often necessary in patients with impending ACS but may aggravate 
the underlying pathophysiology. For example, ventilator strategies to 

OUTCOME

Full-blown ACS with organ dysfunction was once uniformly fatal. 
With more timely diagnosis and treatment, more than half (depending 
on etiology) of afflicted patients are now surviving. With decompres-
sive laparotomy, organ dysfunction typically improves transiently, but 
most patients who survive more than 48 hours progress into MOF.3,53 
A fundamental problem is differentiating incomplete resuscitation 
from early organ failure. ACS and MOF appear to be closely linked. In 
our series, ACS was a surprisingly early event (occurring, on average, 
12 hours after hospital admission) and was shown to be a strong inde-
pendent predictor for subsequent MOF and death.

 Prediction and Diagnosis
Epidemiologic studies carried out during the 1990s clearly docu-
mented that ACS is a significant clinical problem.15 Additionally, more 
recent studies indicate that despite early recognition and decompres-
sion, the outcome remains poor for patients with ACS. Thus, early and 
accurate prediction is important because it allows us to recognize the 
population at risk and concentrate our preventive efforts on decreasing 
the incidence of ACS.5,51 The urinary bladder pressure measurement is 
a widely accepted, inexpensive, and simple monitoring tool for ACS. 
However, organ dysfunction associated with ACS can occur when IAP 
is less than 20 mm Hg, and some patients with IAP greater than 
30 mm Hg do not develop any symptoms. Not surprisingly, surgeons 
are reluctant to make decisions regarding decompression based only 
on measurements of IAP.58 Potential risk factors for ACS include severe 
hemorrhagic shock, damage-control laparotomy, fascial closure after 
damage-control laparotomy, high abdominal trauma index, high 
injury severity score, and decreased pHi.42,59 Studies of secondary ACS 
have identified resuscitation fluid volume thresholds that warrant 
monitoring urinary bladder pressure. Maxwell et al. recommended 
monitoring when the resuscitation volume exceeds 10 L of crystalloid 
fluid or 10 units of packed red blood cells.60 Ivy et al. suggested that 
the trigger to initiate urinary bladder pressure monitoring should be 
greater than 0.25 L/kg of crystalloid resuscitation.20,52 Biffl and cowork-
ers reported that both these cutoffs are ineffective and recommended 
the following thresholds: 6 L or more of crystalloid resuscitation or  
6 units or more of packed red blood cells in a 6-hour period in patients 
with a base deficit greater than 10 mEq/L, especially if a vasopressor 
agent is required.53

More recent studies from general surgical, burn, and trauma popu-
lations have tried to identify the independent risk factors for ACS. For 
example, McNelis and coworkers performed a case-control study of 22 
patients with ACS (diagnosed by elevated IAP and peak airway pres-
sure) and 22 general surgical patients without ACS and created a pre-
dictive equation61: 

P = + −1 1/ e z( )

where z = −18.6763 + 0.1671 (peak airway pressure) + 0.0009 (24-hour 
fluid balance).

In our experience, postinjury ACS occurs most frequently during 
the first 12 hours after injury, and waiting for a 24-hour fluid balance 
entails too much delay. By this time, most susceptible patients already 
exhibit the full-blown syndrome.5,51 Postinjury ACS recognized after 
24 hours is lethal.5,50 Additionally, two prospective studies of trauma 
patients failed to identify predictors for ACS, possibly because the 
study populations were either too heterogeneous or too homogeneous. 
In a study of unselected trauma patients requiring ICU admission 
(mean injury severity score 18), Hong and colleagues found that only 
2% of the patients developed intraabdominal hypertension and only 
1% developed ACS.62 In a review of patients undergoing damage-
control laparotomy (mean injury severity score 29), Raeburn and asso-
ciates found that the incidence of ACS was 36%.63 Both of these groups 
failed to identify independent predictors of ACS.

From a prediction modeling perspective, patients requiring trau-
matic shock resuscitation are an ideal group to study. They are at 

Independent Predictors of Postinjury Primary and 
Secondary Abdominal Compartment Syndrome

ED Model ICU Model

independent predictors independent predictors

Primary ACS To OR < 75 min Temp ≤ 34°C
Crystalloids ≥ 3 L GAPco2 ≥ 16

Hb ≤ 8/dL
BD ≥ 12 mEq/L

Secondary ACS Crystalloids ≥ 3 L GAPco2 ≥ 16
No urgent surgery Crystalloids ≥ 7.5 L
PRBC ≥ 3 units UO ≤ 150 mL

ACS, abdominal compartment syndrome; BD, arterial base deficit; CI, confidence 
interval; ED, emergency department; GAPco2, carbon dioxide gap; Hb, hemoglobin 
concentration; ICU, intensive care unit; OR, operating room; PRBC, packed red blood 
cells; Temp, temperature; UO, urine output.

TABLE 
201-3 
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SURGICAL DECOMPRESSION

Surgical decompression remains the primary recommended interven-
tion. Decompression is achieved by opening the midline fascia (avascu-
lar plane) along its full length. Virtually all reports describe a very good 
physiologic response to decompression, but this does not necessarily 
translate into better outcomes. The best predictors of survival are post-
decompression improvement in cardiac index and urine output.5,51 The 
decision to undertake surgical decompression is a difficult one, because 
it results in a chronically open abdomen that is associated with numer-
ous hazards. Several case series have shown that early decompression is 
associated with better outcomes. However, in those studies, “late” 
decompression was often carried out days after the initial signs of ACS. 
If decompression is carried out within 12 hours of hospital admission, 
timing has no significant effect on outcome.5,51 Patients with ACS are in 
critical condition and require mechanical ventilation and other forms 
of organ support. Any unnecessary intrahospital transportation of these 
patients can be detrimental. Thus, if no other intraabdominal surgical 
intervention is needed, decompression can be performed at the bedside 
in the ICU. More recently, alternatives to midline laparotomy (trans-
verse laparotomy and linea alba fasciotomy) were described. These 
approaches were popularized in cases of severe acute pancreatitis, where 
transverse laparotomy can be the surgical access of choice.70 The (sub-
cutaneous) linea alba fasciotomy can prevent peritoneal contamination 
in selected pancreatitis cases where laparotomy is not required, only 
reduction of intraabdominal pressure.71,72

 Management of the Open Abdomen
Decompressive laparotomy results in an open abdomen, because the 
incision should not be closed until the risk of recreating ACS by closing 
the fascia diminishes. After abdominal decompression, temporary 
abdominal closure is applied to the wound to keep the fascia open. 
Several methods (towel clips, Bogota bag, synthetic mesh, vacuum-
assisted closure, Velcro patch, zipper) are available. It is advantageous 
for the ICU specialist to understand each of these methods and discuss 
them with the surgical team. The key goals of temporary abdominal 
closure are as follows: prevent evisceration, allow enough room for 
swelling of the abdominal contents, control peritoneal fluids, prevent 
contamination, and preserve the fascia and skin for possible later 
closure or reconstruction. During the last 15 years, the morbidity and 
mortality of open abdomen management significantly decreased, but 
the strategy still carries considerable complications and potential long-
term morbidity.73,74 Fistulas, abdominal infections, and intraabdomi-
nal collections were common, and the end result was usually a large 
abdominal wall defect. Early experience with a vacuum-assisted closure 
technique was very promising, and use of this approach may improve 
management of the open abdomen.75,76 A growing body of evidence is 
available about techniques which are successfully minimizing the mor-
bidity and mortality of open abdomen management and improve 
long-term outcomes.74

 Prevention, Surveillance, and 
Future Directions
Prospective data suggest that the mortality rate for ACS, even with 
early decompression and resuscitation, is very high. In addition, early 
favorable physiologic responses to decompression do not necessarily 
translate into improved outcomes.5 Accordingly, prevention of ACS is 
paramount. Avoidance of fascial closure after high-risk laparotomy 
reduces the incidence of MOF and mortality.59 In the operating room, 
monitoring for increases in peak airway pressures during the attempted 
fascial closure is valuable in the absence of IAP measurement. In the 
ICU, all patients with severe shock and subsequent resuscitation 
(whole body ischemia-reperfusion injury), regardless of the cause 
(burn, trauma, sepsis, or hypovolemia), benefit from IAP monitoring, 
which is a simple, noninvasive tool.

increase mean airway pressure to improve oxygenation (e.g., high levels 
of positive end-expiratory pressure) directly increase intraabdominal 
hypertension by pushing down on the diaphragm. Additionally, 
increased mean airway pressure increases intrathoracic pressure, 
impeding venous outflow from the abdominal cavity. This promotes 
more gut edema with ongoing crystalloid resuscitation, another inter-
vention often used in patients with impending ACS. Seminal papers in 
the mid-1990s advocated hypervolemic resuscitation to ameliorate 
cardiac and renal dysfunction. The concept was that increased IAP 
elevates pulmonary capillary wedge pressure but not preload, and fluid 
should be administered to increase left ventricular end-diastolic 
volume to improve the cardiac index.64 This approach seems harmful 
according to the most recent evidence.57,65 Patients with similar demo-
graphic characteristics, injuries, and shock severity without impending 
ACS responded very well to preload-directed resuscitation and 
increased the cardiac index appropriately.65 However, patients with 
impending ACS did not respond with increased cardiac index, despite 
vigorous crystalloid infusion. Vigorous attempts to increase preload 
(especially with crystalloid infusions) in patients with intraabdominal 
hypertension have a detrimental effect on outcome (futile crystalloid 
cycle; Figure 201-1).

Theoretically, other nonsurgical interventions may have beneficial 
effects, but their efficacy is unproven.66 Colloids and albumin could 
mobilize interstitial fluids into the vascular space, and muscle relaxants 
might have a salutary effect by decreasing tension in the abdominal 
wall.52,67 Continuous external application of negative abdominal pres-
sure with a suction device showed some promise in morbidly obese 
patients with cerebral symptoms secondary to chronic ACS.47

PERCUTANEOUS METHODS

If intraabdominal hypertension or ACS is a result of acute or chronic 
fluid collection, symptoms can be relieved by percutaneous drainage. 
Case reports described successful drainage of abdominal fluid in burn 
patients with secondary ACS and the drainage of blood in nonopera-
tively managed liver injuries.67-69 The major limitation of the technique 
is that it is applicable only when a significant amount of fluid is causing 
increased IAP. This technique will not work and might be dangerous 
when extensive bowel edema or retroperitoneal hematoma is the domi-
nant contributing factor.

Figure 201-1  Futile crystalloid preloading. ACS, abdominal compart-
ment syndrome; CO, cardiac output; IAP, intraabdominal pressure; 
PCWP, pulmonary capillary wedge pressure; ↑, increased; ↓, decreased; 
+, positive effect; −, negative effect. 
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The future of open abdomen management is also promising. The 
modern systematic approach to open abdomen will decrease the rate 
of serious complications, which historically might have prevented sur-
geons from considering this preventive/therapeutic measure. Despite 
encouraging results with the current management of open abdomen, 
decompressive laparotomy should not be viewed as the final solution 
for IAH/ACS.

ACS is strongly associated with the magnitude and quality of resus-
citation.5,50-53,57,60,65 Uncontrolled goal-oriented resuscitation of trauma 
victims, chasing supranormal values for oxygen delivery, is harmful.57 
To eliminate uncontrolled resuscitation, treatment of the underlying 
cause of shock is crucial. Timely hemorrhage control and elimination 
of septic foci should happen simultaneously. There is increasing evi-
dence that Ringer’s lactate solution is proinflammatory, and use of this 
agent is an independent predictor of postinjury ACS.77 During burn 
and trauma resuscitation, crystalloid limits should be implemented, 
and after reaching them, alternative resuscitation fluids should be used. 
The best resuscitation fluid during impending ACS has yet to be 
determined.

In postinjury primary ACS, correction of the vicious circle of coagu-
lopathy, acidosis, and hypothermia should be an early goal. Abbrevi-
ated laparotomy saves lives, but the tight abdominal packing increases 
the risk of ACS. Use of topical hemorrhage control techniques (e.g., 
fibrin sealants) offers a workable solution.78 When abnormalities in 
respiratory and renal function are identified, ACS should be included 
in the differential diagnosis and is an easily excludable cause if IAP 
measurements are performed. A direct effect of ACS is impaired 
abdominal visceral perfusion. Gastric tonometry is a relatively nonin-
vasive monitor for intraabdominal hypertension. A high gastric 
regional Pco2 (>60 mm Hg) and a wide gap between gastric and end-
tidal Pco2 (>16 mm Hg) are important indicators and predictors of 
ACS. With the availability of continuous IAP measurement, abdominal 
perfusion pressure (mean arterial pressure minus IAP) can be easily 
monitored at the bedside. The value of this variable has yet to be pro-
spectively validated.

ACS can occur in a wide range of critically ill patients. With increased 
awareness of ACS, focused monitoring, application of temporary 
abdominal closure methods, and fine-tuned resuscitation, the inci-
dence of primary ACS is decreasing. Secondary ACS represents failure 
of resuscitation (over-resuscitation, neglected hemorrhage control, or 
nonexistent monitoring for ACS) and is a problem that can be elimi-
nated. The occurrence of secondary ACS in burn and shock or trauma 
ICUs should be considered a negative performance indicator.

ANNOTATED REFERENCES

Balogh Z, McKinley BA, Cox Jr CS, et al. Abdominal compartment syndrome: the cause or effect of 
postinjury multiple organ failure. Shock 2003;20:483-92.
This article summarizes present knowledge on postinjury ACS including cause, pathomechanism, individual 
organ responses, and decompression. It focuses on the most recent findings about the relationship between 
shock resuscitation and ACS. The authors review the growing evidence that ACS is a second hit in the 
development of multiple organ failure and provide guidelines for prevention and therapy.

Balogh Z, McKinley BA, Holcomb JB, et al. Both primary and secondary abdominal compartment syn-
drome can be predicted early and are harbingers of multiple organ failure. J Trauma 2003;54:848-61.
This is a comprehensive paper on the epidemiology, outcome, and prediction of postinjury primary and 
secondary ACS. The study population consisted of 188 patients from the prospective shock-trauma resuscita-
tion database, with strict inclusion criteria and standardized resuscitation with bedside computerized 
decision support. The distinct characteristics of primary and secondary ACS are described based on the 
results of univariate and multivariate analysis. Multivariate prediction models show that the syndrome can 
be predicted during the first few hours after hospital admission.

Ivy ME, Atweh NA, Palmer J, et al. Intra-abdominal hypertension and abdominal compartment syndrome 
in burn patients. J Trauma 2000;49:387-91.
This is a prospective evaluation of patients with high-percentage burns, in whom secondary ACS is a fre-
quent complication. The authors recommend IAP measurements after 0.25-L/kg crystalloid resuscitation 
and report a high success rate using conservative management of ACS in burn patients.

Malbrain ML. Abdominal pressure in the critically ill: measurement and clinical relevance. Intensive Care 
Med 1999;25:1453-8.
This prospective clinical study describes the incidence of intraabdominal hypertension and ACS in a general 
medical ICU.

Sugrue M, Bauman A, Jones F, et al. Clinical examination is an inaccurate predictor of intraabdominal 
pressure. World J Surg 2002;26:1428-31.
This prospective clinical study concluded that physical examination is a poor way to determine the presence 
of intraabdominal hypertension. The authors strongly support routine IAP measurements.

REFERENCES

Access the complete reference list online at http://www.expertconsult.com.

KEY POINTS
1.	 It is essential to distinguish intraabdominal hypertension (IAH) 

from abdominal compartment syndrome (ACS). The difference 
between them is the presence of organ dysfunction in ACS, 
which makes it a life-threatening condition.

2.	 Intraabdominal pressure (IAP) should be monitored in all shock 
resuscitation patients, regardless the cause of the shock (e.g., 
burn, sepsis, trauma).

3.	 Presently, the safest and most feasible way to monitor IAP is 
the intravesical technique.

4.	 ACS can occur without abdominal pathology or injury (second-
ary ACS).

5.	 To date, the best-characterized ACS groups are postinjury, 
burn, and pancreatitis.

6.	 The outcome of ACS is very poor, even with early decompres-
sion. Prevention, prediction, and surveillance are keys to suc-
cessful management.

7.	 Postinjury primary and secondary ACS can be accurately 	
predicted 6 hours after hospital admission with adequate 
monitoring.

8.	 Awareness of the predictors of ACS and crystalloid volume–
restricting shock resuscitation are decreasing the incidence of 
ACS.

9.	 Outcomes with open abdomen are also improving.

10.	 The significance of sub-ACS IAH is still unclear.
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