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Abstract Postinjury (primary) abdominal compartment
syndrome (ACS) was described more than 15 years ago as
severe abdominal distension with high peak airway pres-
sures, CO, retention, and oliguria, which led to unplanned
re-exploration after damage-control laparotomy. Later, a
more elusive type of ACS was recognized, which develops
without abdominal injuries (secondary ACS). Both syn-
dromes were recently characterized, their independent
predictors were identified, and preventive strategies were
developed to reduce their incidence. Once viewed as a
syndrome with almost uniform mortality, systematic pre-
ventative strategies and therapeutic efforts have reduced
the prevalence, morbidity, and mortality of the syndrome.
This review was designed to summarize the recent
advances in the management of ACS, to classify the cur-
rently available evidence, and to identify future directions
of research and clinical care.

Introduction

Postinjury abdominal compartment syndrome (ACS) was
described more than 15 years ago as severe abdominal
distension with raised peak airway pressures, CO, reten-
tion, and oliguria, which led to unplanned re-exploration
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after damage-control laparotomy [1]. This severe life-
threatening complication of abdominal packing often was
associated with lethal reperfusion syndrome at the time of
decompression. The incidence of ACS was 15% amongst
packed patients with a mortality of 62.5%. Systematic
clinical and basic science research has helped us to better
characterize, monitor, prevent, and treat this deadly syn-
drome. This review was designed to summarize the recent
advances in the management of ACS, classify the currently
available evidence, and identify future directions. These
goals would serve clinicians who believe that they have
potentially not recognized the syndrome so far, as well as
those who are contributors to our currently improved
understanding of ACS, and those who are eager to find
answers to some of the persisting unsolved questions.

Definitions

In the literature before 2000, many different definitions of
ACS and intra-abdominal hypertension (IAH) were used;
these were generally based on abdominal distension, ven-
tilatory pressures, and oliguria [1, 2]. Intra-abdominal
pressure (IAP) measurement was not routinely performed
and often was reported in different units, such as cmH,O or
mmHg [3, 4]. Later, IAP was routinely measured and some
leading research groups defined ACS as IAP > 25 mmHg
with organ dysfunction, which improved after surgical
decompression [5-9]. The lack of consensus in definitions
made it difficult to compare the results of published data,
where both the numerator and the denominator differed
(Table 1). At the World Congress of ACS in 2004, the
World Society of Abdominal Compartment Syndrome
established consensus definitions [10].
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Table 1 Postinjury abdominal compartment syndrome studies

Study Population Demographics ACS definition Incidence Mortality (%) MOF (%)
Morris et al. [1] 107 ISS = 32, age = 32 Tense abdomen, PAP 16 (15%) 63 N/A
Hirshberg et al. [2] 124 ISS = 46, age = 22 Tense abdomen, PAP 4 (3%) 100 N/A
Meldrum et al. [3] 145 ISS = 26, age = 39 IAP > 20 mmHg with OD 21 (14%) 29 43
Ivatury et al. [4] 70 ISS = 22, age = 28 IAP > 25 cmH,O 23 (32%) 44 N/A
Chang et al. [5] 11 ISS = 27, age = 37 IAP > 25 mmHg, OD N/A 63 N/A
Ciresi et al. [34] 9 ISS = 25, age = 37 IAP > 20 mmHg with OD 9 (7%) 22 11%
Maxwell et al. [32] 46 ISS = 25, age = 36 Decompression 6 (13%) 67 0
Ertel et al. [6] 311 ISS = 30, age = 38 IAP > 25 mmHg with OD 17 (5.5%) 35 N/A
Chen et al. [7] 25 ISS = 20, age = 30 IAP > 25 mmHg 5 (20%) N/A N/A
Offner et al. [25] 52 ISS = 28, age = 33 IAP > 20 cmH,0 with OD 17 (33%) 35 71
Raeburn et al. [63] 77 ISS = 29, age = 35 IAP > 20 mmHg with OD 28 (36%) 43 34
Tremblay et al. [64] 131 ISS = 24, age = 36 Tense abdomen 12 (9%) 58 N/A
Balogh et al. [29] 128 ISS = 28, age = 41 Decompressed abdomen 11 (9%) 55 55
Hong et al. [65] 706 ISS = 18, age = 42 IAP > 20 mmHg with OD 6 (1%) 50 50
Gracias et al. [26] 30 ISS = 33, age = 35 IAP > 25 mmHg with OD 5 (17%) 60 N/A
Balogh et al. [8] 188 ISS = 28, age = 39 IAP > 25 mmHg with OD 26 (14%) 58 54
Mayberry et al. [66] 9 ISS = 24, age = 47 IAP > 25 mmHg with OD N/A 22 N/A
Cothren et al. [9] 2,762 ISS = 33, age = 36 IAP > 25 mmHg 37 (1.3%) 37 24
Howdieshell et al. [67] 88 ISS = 28, age = 32 IAP > 30 mmHg with OD 10 (11%) N/A 23
Kozar et al. [28] 337 ISS = 24, age = 31 Decompression 3 (0.9%) 0 0
Miller et al. [68] 344 ISS = 35, age = 36 IAP > 20 mmHg with OD 115 (33%) 20 N/A
Cothren et al. [37] N/A ISS = 27, age = 40 IAP > 20 mmHg with OD N/A 54 62
Scalea et al. [69] 102 ISS = 29,age = 34, IAP > 20 mmHg with OD 24% 42 N/A
Madigan et al. [70] 48 ISS = 25, age = 41 IAP > 25 mmHg with OD 1.3% 60 N/A

ACS abdominal compartment syndrome, Incidence incidence of ACS, mortality mortality of ACS, MOF incidence of multiple organ failure
among patients with ACS, N/A not available, ISS injury severity score, JAP intra-abdominal pressure, OD organ dysfunction, age in years

e Intra-abdominal

hypertension

is  defined

as

pulmonary compliance, increased intracranial pressure,

IAP > 12 mmHg without pathophysiology of ACS.
IAH is graded from I-IV based on the IAP value: Grade
I: 12-15 mmHg; Grade II: 16-20 mmHg; Grade III:
21-25 mmHg; Grade IV: >25 mmHg.

e Abdominal compartment syndrome is defined as sus-
tained IAP > 20 mmHg that is associated with new
organ dysfunction/failure defined.

e Primary ACS is a condition associated with injury or
disease in the abdomino-pelvic region that frequently
requires early surgical or interventional radiological
intervention.

e Secondary ACS refers to conditions that do not
originate from the abdomino-pelvic region.

Clinical presentation/epidemiology

Postinjury ACS is an early complication of severe shock
and resuscitation, which presents with (relative) oliguria,
renal dysfunction, increased airway pressures, decreased

decreased cardiac output, artificially high filling pressures,
increased vascular resistance, and poor intestinal perfusion
[4, 11-13]. Many of these signs are common with severe
shock, acute lung injury, and acute renal failure. If these
acute organ dysfunctions are caused by increased IAP,
more aggressive ventilation strategies and preload-driven
resuscitation are unlikely to improve the patient condition.
Further resuscitation attempts without addressing the IAH
can lead to further physiological derangement and full-
blown ACS. Ongoing bleeding and consequent uncon-
trolled resuscitation can present as severe hypovolemia
compounded by ACS. Distinguishing between ACS and
nonresponding shock and/or early pulmonary failure is
driven by the measurement of the IAP, exclusion of con-
tinued bleeding, and the critical preload assessment.
Clinical examination has repeatedly been shown to be
inaccurate to estimate IAP [14, 15]. For the definition and
the diagnosis of ACS, the monitoring of IAP is essential
[16]. Several techniques have been introduced since Kron’s
original description but the intravesical (“urinary bladder
pressure”) seems to be the most feasible technique in high-
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risk polytrauma patients [17, 18]. Postinjury ACS usually
develops within 12 h of intensive care unit (ICU) admis-
sion, therefore, immediate regular (2 hourly) or continuous
IAP monitoring is recommended in traumatic shock
resuscitation patients [8, 19].

Primary ACS

Damage-control surgery has made it possible to salvage
patients with catastrophic abdominal injuries and severe
hemorrhagic shock [8, 20-22]. The classical presentation
of primary patients with ACS was severe abdominal
trauma undergoing damage-control laparotomy with
packing and abdominal closure [1, 2, 23, 24]. Previously,
attempts to perform primary definitive surgery led to death
on the operating table, but with the introduction of the
damage-control concept the abbreviated laparotomy helped
to get patients to the ICU to restore their physiology. ACS
arose as a potentially lethal new complication and one of
the frequent causes of unplanned return to the operating
room (OR) [1, 4]. Total body shock and subsequent
reperfusion with intestinal edema and a tightly packed and
closed abdomen created the scenario for increased
abdominal pressure. Later, liberal application of open
abdomen management with temporary abdominal closure
was adopted for prevention [25]. Today, cold, acidotic,
coagulopathic patients are transferred from the OR to ICU
with an open abdomen. As a result, the incidence of po-
stinjury primary ACS is decreasing in centers where this
practice is followed [25]. IAP monitoring also is important
in this group, because ACS can still develop in open-
abdomen patients (recurrent ACS) [8, 26, 27]. Another
presentation of postinjury primary ACS is during the
nonoperative management of abdominal solid organ inju-
ries [7, 28]. In the current era of modern trauma care, most
blunt solid organ injuries are successfully managed non-
operatively. The development of ACS in this patient group
is viewed as a complication or failure of nonoperative
management. In this setting ACS could present early with
massive intra-abdominal bleeding, which necessitates lap-
arotomy to achieve hemostasis or later when the symptoms
of increased IAP are more pronounced than those of the
acute blood loss.

Secondary ACS

Without the presence of intra-abdominal injuries, the
presentation of ACS is very elusive [8, 29-31]. The term
was coined by Maxwell et al. [32], but the first case was
described earlier by Burrows et al. [33]. The common
characteristics of these patients are hemorrhagic shock
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requiring massive resuscitation without abdominal injuries
[29, 34-36]. The typical injury patterns are penetrating
heart, major vessel, or extremity vascular trauma associ-
ated with profound shock and subsequent massive
(crystalloid) resuscitation resulting in whole-body ische-
mia/reperfusion injury [29, 34-38]. Secondary ACS may
occur in scenarios with multiple long bone fractures,
where the acuity of bleeding is less, but definitive hem-
orrhage control is more difficult to achieve. These patients
are at high-risk to undergo cyclic uncontrolled resuscita-
tion and coagulopathy-related rebleeding from fractures
and soft-tissue injuries. “The futile crystalloid loading” to
maintain target resuscitation end points (blood pressure,
oxygen delivery index) leads to generalized edema,
manifesting as intestinal swelling, ascites and decreased
abdominal wall compliance resulting in secondary ACS
[39].

The epidemiology of both primary and secondary ACS
is continuously evolving. During the early 1990s, primary
ACS was epidemic due to damage control-related
improved survival and tight abdominal closure after
packing [3, 23]. Secondary ACS at that time was infre-
quently recognized because of its elusive nature and the
lack of monitoring [32, 35]. The incidence of the two
syndromes leveled at the turn of the millennium, as the
importance of open abdomen management in this critically
ill group was recognized, reflected in decreased incidence
of primary ACS [8]. At the same time, secondary ACS was
increasingly recognized with bladder pressure monitoring
in patients who had uncontrolled bleeding and underwent
massive crystalloid based resuscitation [37-39]. In 2003,
we reported an ACS incidence of 14% (6% primary and
8% secondary) among a high-risk group of shocked poly-
trauma patients undergoing standardized computerized
shock resuscitation [8]. Both types of clinical presentation
of ACS occurred within 24 h of ICU admission, with
secondary ACS being a slightly earlier phenomenon than
primary ACS. Later, the liberal use of open abdomen and
the introduction of hemostatic resuscitation further
decreased the incidence of primary ACS. We identified the
independent predictors for both forms of ACS and recog-
nized the detrimental effects of supranormal resuscitation
with excessive use of crystalloids [39]. These efforts star-
ted to decrease the incidence of postinjury secondary ACS
[40].

We believe that today in centers with an appropriate
level of awareness, primary ACS should be extremely rare,
occurring mainly in the nonoperatively managed abdomi-
nal solid organ injured group, and that secondary ACS
must disappear. According to our view, in the future both
syndromes might be regarded as indicators of suboptimal
care (delayed presentation, inadequate/delayed hemorrhage
control, and poor-quality resuscitation).
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Independent predictors and recommended treatment

The seminal case reports, retrospective series, and expert
opinions identified a long list of risk factors (shock, severe
trauma, damage control laparotomy, massive transfusion,
massive crystalloid resuscitation, penetrating abdominal
trauma, highly positive 24-h fluid balance etc.) [1-4, 24].
Based on a uniformly resuscitated large prospective cohort,
both primary and secondary ACS can be predicted as early
as emergency department discharge but at the latest by ICU
admission [8]. These findings made it possible to identify
patients who were later likely to develop the lethal syn-
drome even before IAP measurement started on ICU.
Considering the early presentation of ACS during the ICU
course of these critical patients, any strategy after calcu-
lating the highly positive 24-h fluid balance seemed futile
[41]. Although patients with primary and secondary ACS
had similar demographics, injury severity (obviously dif-
ferent injury pattern), and shock severity, their independent
predictors were surprisingly distinct. The independent pre-
dictors of primary ACS are the indicators of the damage
control physiology (transfer to the operating room without
further imaging, temperature <34°C, hemoglobin <8 g/dl,
base deficit >8 mmol/l), whereas the secondary ACS pre-
dictors are markers of uncontrolled resuscitation (>7.5 1 of
crystalloids before ICU admission, no indication for life-
saving surgical intervention, relatively low urine output
(<150 ml/h) on ICU admission considering the massive
resuscitation) [8]. Poor intestinal perfusion measured by
gastric tonometry was an independent predictor for both
primary and secondary ACS. The usefulness of gastric to-
nometry also was shown by other groups [4, 13]. Our
findings showed that gastric tonometry can indicate
impending ACS well before the clinically apparent IAH
[42].

Identification of these independent predictors urged us
to strive for earlier hemorrhage control in orthopedic
trauma, abandoning crystalloid-based supranormal resus-
citation goals, introducing hemostatic resuscitation, and the
extension of the ICU resuscitation protocol to the emer-
gency department [43]. The fact that shock resuscitation is
currently going through a fundamental change and the
radically decreasing incidence of ACS, make it futile to
validate the previously developed independent predictors.
Most likely new predictors are required and the old pre-
dictors might be still valid for postinjury IAH but not for
ACS (Balogh ZJ, van Wessem K, Yoshino O, Moore FA,
unpublished data).

The current treatment of full-blown postinjury ACS is
surgical decompression. Usually the acuity of the syndrome
and the potential for abdominal rebleeding does not allow
conservative measures, which could be useful in IAH or less
rapidly developing nontraumatic ACS cases [44—46]. There

is evidence that percutaneous decompression may be effi-
cacious in secondary ACS trauma cases and post-burn ACS
scenarios [47, 48]. Furthermore, subcutaneous decompres-
sion is recommended in acute pancreatitis-related ACS
[49]. During the first 24 h after injury, ACS presents as an
immediately life-threatening condition with profound organ
dysfunctions. In these situations, the risk of a potentially
inadequate decompression cannot be afforded, therefore,
our recommendation is immediate surgical decompression/
re-exploration. Abdominal decompression may be per-
formed in the ICU, especially in secondary ACS cases,
whereas in primary ACS repeated hemorrhage control is
usually required, preferably undertaken in the OR.

After decompression, open abdomen management starts
with the application of temporary abdominal closure fol-
lowed by timely restoration of the abdominal wall as soon
as the IAH is resolved [50]. Our results indicate that the
previously recommended hypervolemic resuscitation with
crystalloid boluses in IAH and impending ACS is detri-
mental and leads to a “vicious cycle of crystalloid loading”
with worsening IAH leading to full-blown ACS [42, 51].

Outcomes

Untreated postinjury ACS is uniformly lethal. The mor-
tality and incidence of multiple organ failure (MOF)
among patients with ACS is depicted in Table 1. Clinical
and basic science research has revealed that ACS is an
independent predictor of MOF and can be considered as a
modifiable second hit in our current concept of the patho-
mechanism of postinjury MOF [8, 43, 52, 53]. Historically,
ACS described by landmark reports was decompressed too
late, leading to fatal reperfusion syndrome. The authors
recommended preventive strategies to overcome the effects
of reperfusion at the time of decompression [1]. Timely
decompression could result in improved outcomes when
secondary ACS case series were compared (before and
after 24 h) [32, 36]. Among patients who develop ACS and
are decompressed within the first 24 h, earlier decom-
pression does not lead to improved outcomes [29, 36]. This
finding, and the potentially morbid nature of open abdomen
management prompted us to target prevention rather than
earlier decompression [54]. The response to decompression
with improved urine output and cardiac index are indica-
tors of potentially improved outcome, whereas other
postdecompression parameters had no association with
survival [8]. Although a life-saving strategy, open abdomen
is potentially a morbid condition with increased risk for
abdominal abscess, fistula, and major abdominal wall
hernia formation [50]. Patients with planned ventral hernia
after open abdomen have a poor quality of life, especially
in the short-term, and require major reconstructive
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procedures several months after their initial injury [55].
Despite this knowledge, the latest prospective data show
that the long-term physical and emotional outcomes for
patients after open abdomen ventral hernia and fascial
closure are similar [56].

Available level of evidence

There are 148 peer-reviewed publications in the literature
that use the search terms “intra-abdominal pressure”;
“intra-abdominal hypertension”; “abdominal compartment
syndrome”; and “trauma” as of November 30, 2008. The
time distribution and the type of studies are depicted in
Fig. 1. Similar to other recently recognized syndromes,
case reports are published first, followed by retrospective
series, and later by prospectively designed studies together
with basic science work to answer specific questions. Later,
randomized trials and meta-analyses could supply the
highest level of evidence. Based on postinjury ACS liter-
ature during the past 15 years, the authors believe that
there are three phases of the development of our under-
standing of the syndrome. The first 5 years was the
“recognition” phase with seminal case and retrospective
reports, followed by the next 5-year period of boom or
“momentum.” Most of our current best evidence is from
this era, when postinjury primary and secondary ACS were
characterized, including epidemiology, risk factors, inde-
pendent predictors, and outcomes. Supported by basic
science and prospective clinical studies, recommendations
were published on prevention and treatment of ACS. The
most recent 5-year era of “plateau” is characterized by
continued linear growth of case reports, retrospective ser-
ies, and review articles but no further improvement of our
higher level knowledge. There are two possible reasons for
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the plateau period of postinjury ACS-related evidence. The
continued linear growth of lower level of evidence is not
surprising because it was similar during the previous pha-
ses; this is due to the widespread recognition of the
syndrome in different parts of the world. We believe that
the major achievements in the understanding of causative
factors of ACS have decreased the incidence of the syn-
drome in centers where most of the original prospective
data was taken. The decreasing incidence of postinjury
ACS will make it more difficult to answer more focused
clinical questions, because research will take longer and
will probably require multicenter efforts to produce the
necessary higher level of scientific evidence. The discussed
phases also are well represented if the literature is classified
according to the Oxford recommendations on levels of
evidence in science (Fig. 2) [57]. The current best level of
evidence (1b) is related to IAP measurement in trauma
patients, where it is relatively simple to run prospective
studies on patients who do not necessarily have ACS [15,
19]. The 2b and 2c studies are currently our best evidence
applicable to the prevention and treatment of postinjury
ACS. These are related to the effects of IAP on intracranial
pressure, the harmful effects of crystalloids during supra-
normal resuscitation, the reduction of planned ventral
hernia formation with utilization of vacuum-assisted clo-
sure, the influence of body position on IAP, and the long-
term effects of open abdomen management [39, 55, 56, 58—
60].

Conclusions and future directions
Postinjury primary and secondary ACS became evident

with the ability to keep critically shocked trauma patients
alive until ICU admission. The trauma surgical and critical
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care community learned to refine damage control to enable
earlier hemorrhage control, combined with open abdomen
management, therefore minimizing the chances of devel-
oping primary ACS. The understanding of the
pathophysiology and predictors of secondary ACS funda-
mentally changed our approach to traumatic shock
resuscitation. Uncontrolled crystalloid resuscitation aiming
for supranormal oxygen delivery goals was the standard of
practice for a long time, especially in North America;
however, this has become obsolete due to deleterious
outcomes. Although it was driven by ACS research, this
change in resuscitation strategy has had a major impact not
just on the elimination of secondary ACS, but on overall
trauma care as well.

The next challenges of postinjury ACS research are in
four major areas. First, parallel to the development of
traumatic shock resuscitation: to find convincing evidence
on the superiority of hemostatic resuscitation and to define
the optimal ratios of blood component therapy and the roles
of alternative fluid resuscitation strategies, such as blood
substitutes, hypertonic saline, and colloids. Alternative
resuscitation strategies may have a major role in reversing
the cascade of pathophysiological events in impending
postinjury (mainly secondary) ACS without decompression
[61, 62]. Second, the identified independent predictors and
subsequent prevention strategies must be implemented on a
larger scale and their impact needs to be monitored. In this
strategy, the role of the World Society of Abdominal
Compartment Syndrome (WSACS) is fundamental. Third,
although the incidence of full-blown postinjury ACS seems
to be decreasing, most of shock resuscitation patients
develop grade II-IIT IAH. The clinical significance of this
transient phenomenon is poorly understood. Multicenter
epidemiological studies orchestrated by the Clinical Trial
Working Group of the WSACS are attempting to answer

—A— 3a+3b

—k—2a+2b+2cC - x=1b —m—5

this question. Fourth, the prevention of lethal consequences
of ACS has created the new clinical challenge of open
abdomen-related short- and long-term morbidity. The
optimal management of the open abdomen is one of our
major surgical challenges.

Conclusions

Systematic work during the last 15 years has made an
impact on the incidence and outcome of postinjury ACS.
We believe that our research and clinical community are
progressing toward the elimination of this deadly syn-
drome. To achieve this, a higher level of scientific evidence
is needed to overcome the current “plateau” phase by
focusing internationally on the four key areas that we
identified.

Acknowledgment The authors thank Dr. Tim Pollitt for reviewing
the manuscript.

References

1. Morris JA Jr, Eddy VA, Blinman TA, Rutherford EJ, Sharp KW
(1993) The staged celiotomy for trauma. Issues in unpacking and
reconstruction. Ann Surg 217:576-584

2. Hirshberg A, Wall MJ Jr, Mattox KL (1994) Planned reoperation
for trauma: a two year experience with 124 consecutive patients. J
Trauma 37:365-369

3. Meldrum DR, Moore FA, Moore EE et al (1997) Prospective
characterization and selective management of the abdominal
compartment syndrome. Am J Surg 174:667-672

4. Ivatury RR, Porter JM, Simon RJ et al (1998) Intra-abdominal
hypertension after life-threatening penetrating abdominal trauma:
prophylaxis, incidence, and clinical relevance of gastric mucosal
pH and abdominal compartment syndrome. J Trauma 44:1016—
1023

@ Springer



1140

World J Surg (2009) 33:1134-1141

5.

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

Chang MC, Miller PR, D’Agostino R Jr, Meredith JW (1998)
Effects of abdominal decompression on cardiopulmonary func-
tion and visceral perfusion in patients with intra-abdominal
hypertension. J Trauma 44:440-445

. Ertel W, Oberholzer A, Platz A et al (2000) Incidence and clinical

pattern of the abdominal compartment syndrome after “damage
control” laparotomy in 311 patients with severe abdominal and/or
pelvic trauma. Crit Care Med 28:1747-1753

. Chen RJ, Fang JF, Chen MF (2001) Intra-abdominal pressure

monitoring as a guideline in the nonoperative management of
blunt hepatic trauma. J Trauma 51:44-50

. Balogh Z, McKinley BA, Holcomb JB et al (2003) Both primary

and secondary abdominal compartment syndrome (ACS) can be
predicted early and are harbingers of multiple organ failure. J
Trauma 54:848-859

. Cothren CC, Moore EE, Ciesla DJ, Johnson JL, Moore JB,

Haenel JB (2004) Postinjury abdominal compartment syndrome
does not preclude early enteral feeding after definitive closure.
Am J Surg 188:653-658

Malbrain ML, Cheatham ML, Kirkpatrick A et al (2006) Results
from the international conference of experts on intra-abdominal
hypertension and abdominal compartment syndrome. I. Defini-
tions. Intensive Care Med 32:1722-1732

Sugrue M, Buist MD, Hourihan F et al (1995) Prospective study
of intra-abdominal hypertension and renal function after lapa-
rotomy. Br J Surg 82:235-238

Saggi BH, Sugerman HJ, Ivatury RR, Bloomfield GL (1998)
Abdominal compartment syndrome. J Trauma 45:597-609
Sugrue M, Jones F, Lee A et al (1996) Intra-abdominal pressure
and gastric intramucosal pH: is there an association? World J
Surg 20:988-991

Sugrue M, Bauman A, Jones F, Bishop G, Flabouris A, Parr M,
Stewart A, Hillman K, Deane SA (2002) Clinical examination is
an inaccurate predictor of intraabdominal pressure. World J Surg
26:1428-1431

Kirkpatrick AW, Brenneman FD, McLean RF, Rapanos T,
Boulanger BR (2000) Is clinical examination an accurate indi-
cator of raised intra-abdominal pressure in critically injured
patients? Can J Surg 43:207-211

Malbrain ML, Chiumello D, Pelosi P et al (2005) Incidence and
prognosis of intraabdominal hypertension in a mixed population
of critically ill patients: a multiple-center epidemiological study.
Crit Care Med 33:315-322

Kron IL, Harman PK, Nolan SP (1984) The measurement of
intra-abdominal pressure as a criterion for exploration. Ann Surg
199:28-30

. Cheatham ML (2008) Intra-abdominal pressure monitoring dur-

ing fluid resuscitation. Curr Opin Crit Care 14:327-333

Balogh Z, Jones F, D’Amours S, Parr M, Sugrue M (2004)
Continuous intra-abdominal pressure measurement technique.
Am J Surg 188:679-684

Balogh Z, Bendinelli C, Pollitt T, Kozar RA, Moore FA (2008)
Postinjury primary abdominal compartment syndrome. Eur J
Trauma Emerg Surg 34:369-377

Moore EE (1996) Thomas G Orr Memorial Lecture: staged lap-
arotomy for the hypothermia, acidosis and coagulopathy
syndrome. Am J Surg 172:405-410

Rotondo MF, Schwab CW, McGonigal MD et al (1993) “Damage
control”: an approach for improved survival in exsanguinating
penetrating abdominal injury. J Trauma 35:375-383

Meldrum DR, Moore FA, Moore EE et al (1995) Cardiopulmo-
nary hazards of perihepatic packing for major hepatic injuries.
Am J Surg 170:537-542

Burch JM, Ortiz VB, Richardson RJ et al (1992) Abbreviated
laparotomy and planned reoperation for critically injured patients.
Ann Surg 215:476-484

@ Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Offner PJ, de Souza AL, Moore EE, Biffl WL, Franciose RJ,
Johnson JL et al (2001) Avoidance of abdominal compartment
syndrome in damage-control laparotomy after trauma. Arch Surg
136:676-681

Gracias VH, Braslow B, Johnson J, Pryor J, Gupta R, Reilly P
et al (2002) Abdominal compartment syndrome in the open
abdomen. Arch Surg 137:1298-1300

Kirkpatrick AW, De Waele JJ, Ball CG et al (2007) The sec-
ondary and recurrent abdominal compartment syndrome. Acta
Clin Belg 62(Suppl 1):60-65

Kozar RA, Moore JB, Niles SE, Holcomb JB, Moore EE, Cothren
CC et al (2005) Complications of nonoperative management of
high-grade blunt hepatic injuries. J Trauma 59:1066-1071
Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Holcomb JB,
Ware DN et al (2002) Secondary abdominal compartment syn-
drome is an elusive early complication of traumatic shock
resuscitation. Am J Surg 184:538-543

Balogh Z, Moore FA (2006) Postinjury secondary abdominal
compartment syndrome. In: Ivatury RR, Cheatham ML, Malbrain
MLNG, Sugrue M (eds) abdominal compartment syndrome.
Landes Biomedical, Georgetown

Balogh Z, Moore FA, Moore EE, Biffl WL (2007) Secondary
abdominal compartment syndrome: a potential threat for all
trauma clinicians. Injury 38:272-279

Maxwell RA, Fabian TC, Croce MA, Davis KA (1999) Sec-
ondary abdominal compartment syndrome: an underappreciated
manifestation of severe hemorrhagic shock. J Trauma 47:995-
999

Burrows R, Edington J, Robbs JV (1995) A wolf in wolf’s
clothing: the abdominal compartment syndrome. South Afr Med J
85:46-48

Ciresi DL, Cali RF, Senagore AJ (1999) Abdominal closure using
nonabsorbable mesh after massive resuscitation prevents
abdominal compartment syndrome and gastrointestinal fistula.
Am Surg 65:720-724

Kopelman T, Harris C, Miller R, Arrillaga A (2000) Abdominal
compartment syndrome in patients with isolated extraperitoneal
injuries. J Trauma 49:744-749

Biffl WL, Moore EE, Burch JM et al (2001) Secondary abdom-
inal compartment syndrome is a highly lethal event. Am J Surg
182:645-648

Cothren CC, Moore EE, Johnson JL, Moore JB (2007) Outcomes
in surgical versus medical patients with the secondary abdominal
compartment syndrome. Am J Surg 194:804-807

Kirkpatrick AW, Balogh Z, Ball CG, Ahmed N, Chun R, McBeth
P, Kirby A, Zygun DA (2006) The secondary abdominal com-
partment syndrome: iatrogenic or unavoidable? J Am Coll Surg
202:668-679

Balogh Z, McKinley BA, Cocanour CS et al (2003) Supranormal
trauma resuscitation causes more cases of abdominal compart-
ment syndrome. Arch Surg 138:637-642

Gunter OL Jr, Au BK, Isbell JM, Mowery NT, Young PP, Cotton
BA (2008) Optimizing outcomes in damage control resuscitation:
identifying blood product ratios associated with improved sur-
vival. J Trauma 65:527-534

Mcnelis J, Soffer S, Marini CP, Jurkiewicz A, Ritter G, Simms
HH, Nathan I (2002) Abdominal compartment syndrome in the
surgical intensive care unit. Am Surg 68:18-23

Balogh Z, McKinley BA, Cocanour CS, Kozar RA, Cox CS,
Moore FA (2003) Patients with impending abdominal compart-
ment syndrome do not respond to early volume loading. Am J
Surg 186:602-607

Balogh Z, McKinley BA, Cox CS Jr, Allen SJ, Cocanour CS,
Kozar RA et al (2003) Abdominal compartment syndrome: the
cause or effect of postinjury multiple organ failure. Shock
20:483-492



World J Surg (2009) 33:1134-1141

1141

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

De Laet I, Hoste E, Verholen E, De Waele JJ (2007) The effect of
neuromuscular blockers in patients with intra-abdominal hyper-
tension. Intensive Care Med 33:1811-1814

Cheatham ML, Malbrain MLNG, Kirkpatrick A, Sugrue M, Parr
M, De Waele J, Balogh Z, Leppédniemi A, Olvera C, Ivatury R,
D’Amours S, Wendon J, Hillman K, Wilmer A (2007) Results
from the conference of experts on intra-abdominal hypertension
and abdominal compartment syndrome. Part II: recommenda-
tions. Intensive Care Med 33:951-962

Parr MJ, Olvera CI (2006) Medical management of abdominal
compartment syndrome. In: Ivatury RR, Cheatham ML, Malbrain
MLNG, Sugrue M (eds) Abdominal compartment syndrome.
Landes Biomedical, Georgetown, pp 232-238

Corcos AC, Sherman HF (2001) Percutaneous treatment of sec-
ondary abdominal compartment syndrome. J Trauma 51:1062—
1064

Parra MW, Al-Khayat H, Smith HG, Cheatham ML (2006) Par-
acentesis for resuscitation-induced abdominal compartment
syndrome: an alternative to decompressive laparotomy in the
burn patient. J Trauma 60:1119-1121

Leppédniemi AK, Hienonen PA, Siren JE et al (2006) Treatment
of abdominal compartment syndrome with subcutaneous anterior
abdominal fasciotomy in severe acute pancreatitis. World J Surg
30:1922-1924

Balogh Z, Moore FA, Goettler CE (2006) Surgical management
of abdominal compartment syndrome. In: Ivatury RR, Cheatham
ML, Malbrain MLNG, Sugrue M et al (eds) Abdominal com-
partment syndrome. Landes Biomedical, Georgetown, pp 266—
296

Burch JM, Moore EE, Moore FA, Franciose R (1996) The
abdominal compartment syndrome. Surg Clin North Am 76:833—
842

Oda J, Ivatury RR, Blocher CR et al (2002) Amplified cytokine
response and lung injury by sequential hemorrhagic shock and
abdominal compartment syndrome in a laboratory model of
ischemia-reperfusion. J Trauma 52:625-631

Rezende-Neto J, Moore EE, Melo de Andrade MV et al (2002)
Systemic inflammatory response secondary to abdominal com-
partment syndrome: stage for multiple organ failure. J Trauma
53:1121-1128

De Waele JJ, Hoste EA, Malbrain ML (2006) Decompressive
laparotomy for abdominal compartment syndrome—a critical
analysis. Crit Care 10:R51

Cheatham ML, Safcsak K, Llerena LE, Morrow CE Jr, Block EF
(2004) Long-term physical, mental, and functional consequences
of abdominal decompression. J Trauma 56:237-241

Cheatham ML, Safcsak K (2008) Long-term impact of abdominal
decompression: a prospective comparative analysis. ] Am Coll
Surg 207:573-579

Oxford Centre for Evidence-based Medicine Levels of Evidence
(May 2001) CEBM website. http://www.cebm.net. Accessed 30
Nov 2008

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Citerio G, Vascotto E, Villa F, Celotti S, Pesenti A (2001)
Induced abdominal compartment syndrome increases intracranial
pressure in neurotrauma patients: a prospective study. Crit Care
Med 29:1466-1471

Miller PR, Meredith JW, Johnson JC, Chang MC (2004) Pro-
spective evaluation of vacuum-assisted fascial closure after open
abdomen: planned ventral hernia rate is substantially reduced.
Ann Surg 239:608-614

Vasquez DG, Berg-Copas GM, Wetta-Hall R (2007) Influence of
semi-recumbent position on intra-abdominal pressure as mea-
sured by bladder pressure. J Surg Res 139:280-285

Oda J, Ueyama M, Yamashita K, Inoue T, Noborio M et al (2006)
Hypertonic lactated saline resuscitation reduces the risk of
abdominal compartment syndrome in severely burned patients. J
Trauma 60:64-71

O’Mara MS, Slater H, Goldfarb IW, Caushaj PF (2005) A pro-
spective, randomized evaluation of intra-abdominal pressures
with crystalloid and colloid resuscitation in burn patients. J
Trauma 58:1011-1018

Raeburn CD, Moore EE, Biffl WL, Johnson JL, Meldrum DR,
Offner PJ et al (2001) The abdominal compartment syndrome is a
morbid complication of postinjury damage control surgery. Am J
Surg 182:542-546

Tremblay LN, Feliciano DV, Schmidt J, Cava RA, Tchorz KM,
Ingram WL et al (2001) Skin only or silo closure in the critically
ill patient with an open abdomen. Am J Surg 182:670-675
Hong 1J, Cohn SM, Perez JM, Dolich MO, Brown M, McKenney
MG (2002) Prospective study of the incidence and outcome of
intra-abdominal hypertension and the abdominal compartment
syndrome. Br J Surg 89:591-596

Mayberry JC, Welker KJ, Goldman RK, Mullins RJ (2003)
Mechanism of acute ascites formation after trauma resuscitation.
Arch Surg 138:773-776

Howdieshell TR, Proctor CD, Sternberg E, Cue JI, Mondy JS,
Hawkins ML (2004) Temporary abdominal closure followed by
definitive abdominal wall reconstruction of the open abdomen.
Am J Surg 188:301-306

Miller RS, Morris JA Jr, Diaz JJ Jr, Herring MB, May AK (2005)
Complications after 344 damage-control open celiotomies. J
Trauma 59:1365-1371

Scalea TM, Bochicchio GV, Habashi N, McCunn M, Shih D,
McQuillan K et al (2007) Increased intra-abdominal, intratho-
racic, and intracranial pressure after severe brain injury: multiple
compartment syndrome. J Trauma 62:647-656

Madigan MC, Kemp CD, Johnson JC, Cotton BA (2008) Sec-
ondary abdominal compartment syndrome after severe extremity
injury: are early, aggressive fluid resuscitation strategies to
blame? J Trauma 64:280-285

@ Springer


http://www.cebm.net

	Postinjury Abdominal Compartment Syndrome: Are We Winning the Battle?
	Abstract
	Introduction
	Definitions
	Clinical presentation/epidemiology
	Primary ACS
	Secondary ACS
	Independent predictors and recommended treatment
	Outcomes
	Available level of evidence
	Conclusions and future directions
	Conclusions
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


