
D
ow

nloaded
from

https://journals.lw
w
.com

/jtraum
a
by

SH
rJlXR

iF9w
yG

dm
D
xC

/n4ZvpFO
bN

52W
8/pJs1O

P5w
Se8gFsvgypyd1IoKm

1sO
FkZv1K8SX2R

9B65BkYPR
gcPtPTSC

/ubO
7ynQ

xH
VVztW

t8diO
e6m

etvPjVQ
IEhw

IX51W
on

02/20/2019

Downloadedfromhttps://journals.lww.com/jtraumabySHrJlXRiF9wyGdmDxC/n4ZvpFObN52W8/pJs1OP5wSe8gFsvgypyd1IoKm1sOFkZv1K8SX2R9B65BkYPRgcPtPTSC/ubO7ynQxHVVztWt8diOe6metvPjVQIEhwIX51Won02/20/2019

CLINICAL MANAGEMENT UPDATE

The Management of the Open Abdomen in Trauma and
Emergency General Surgery: Part 1—Damage Control

Jose J. Diaz, Jr., MD, Daniel C. Cullinane, MD, William D. Dutton, MD, Rebecca Jerome, MS,
Richard Bagdonas, MD, Jarolslaw O. Bilaniuk, MD, Bryan R. Collier, DO, John J. Como, MD,

John Cumming, MD, Maggie Griffen, MD, Oliver L. Gunter, MD, John Kirby, MD, Larry Lottenburg, MD,
Nathan Mowery, MD, William P. Riordan, Jr., MD, Niels Martin, MD, Jon Platz, MD, Nicole Stassen, MD,

and Eleanor S. Winston, MD

Background: The open abdomen technique, after both military and civilian
trauma, emergency general or vascular surgery, has been used in some form
for the past 30 years. There have been several hundred citations on the
indications and the management of the open abdomen. Eastern Association
for the Surgery of Trauma practice management committee convened a study
group to organize the world’s literature for the management of the open
abdomen. This effort was divided into two parts: damage control and the
management of the open abdomen. Only damage control is presented in this
study. Part 1 is divided into indications for the open abdomen, temporary
abdominal closure, staged abdominal repair, and nutrition support of the
open abdomen.
Methods: A literature review was performed for more than 30 years.
Prospective and retrospective studies were included. The reviews and case
reports were excluded. Of 1,200 articles, 95 were selected. Seventeen

surgeons reviewed the articles with four defined criteria. The Eastern Asso-
ciation for the Surgery of Trauma primer was used to grade the evidence.
Results: There was only one level I recommendation. A patient with
documented abdominal compartment syndrome should undergo decompres-
sive laparotomy.
Conclusion: The open abdomen technique remains a heroic maneuver in the
care of the critically ill trauma or surgical patient. For the best outcomes, a
protocol for the indications, temporary abdominal closure, staged abdominal
reconstruction, and nutrition support should be in place.
Key Words: Open abdomen, Trauma, Damage control, Temporary abdom-
inal closure, Emergency general surgery, Emergency vascular surgery, Acute
pancreatitis, Intraabdominal sepsis, Staged abdominal reconstruction
(STAR), Nutrition in trauma.

(J Trauma. 2010;68: 1425–1438)

The management of catastrophic abdominal injuries has
been described in past military conflicts. One of the initial

references of the use of open abdomen technique was by
Ogilvie1 in 1940 during World War II.

“A dodge that has twice helped me in a difficulty is the use of
light canvas or stout cotton cloth sterilized in Vaseline. A double
sheet of this is cut rather smaller than the defect in the muscles,
and sutured into place with interrupted catgut sutures . . .. This
device is obviously temporary, but it prevents retraction of the
edges of the gap, it keeps the intestinal contents from protruding
during the early days when they are so difficult to retain, and it
allows the abdominal wall to be used as a whole in respiration.”

Subsequently, the open abdomen technique has gone
through various evolutions, and many surgeons since have
refined the technique. Stone and Lamb,2 Stone et al.,3 Lucas
and Ledgerwood,4 and Rotondo et al.5 helped usher in the
modern era of “damage control” (DC) in trauma surgery. In
addition, the use of the open abdomen (OA) technique has
been used in the management of emergency general surgery,
vascular surgery, intra-abdominal sepsis, and acute pancre-
atitis. Abdominal compartment syndrome (ACS) after rup-
tured abdominal aortic aneurysm (rAAA) or trauma has
become one of the key life-saving indications for decompres-
sive laparotomy and open abdomen technique.

During the course of the past 30 years, several authors
have contributed their clinical experience to the literature in
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an effort to define the clinical indications and to describe the
various management strategies for the appropriate use of the
open abdomen technique. There has remained a great degree
of heterogeneity in the patient populations, and the surgical
techniques described. The OA approach is used in both
military and civilian trauma, vascular emergencies, and emer-
gency general surgery. Given the lack of consensus, the
Eastern Association for the Surgery of Trauma Practice
Management Guidelines Committee convened a study group
to establish the recommendations for the use of OA tech-
niques in both trauma and nontrauma surgery and to provide
guidelines regarding the following specific topics:

1. Indications for OA technique in ACS, DC, general sur-
gery, and vascular surgery.

2. Surgical technique for temporary abdominal closure (TAC).
3. Surgical technique for repeat laparotomy and staged ab-

dominal reconstruction (STAR).
4. Nutritional aspects of open abdomen technique.

PROCESS
A computerized search of the National Library of

Medicine Medline database was undertaken using the
PubMed Entrez interface. The citations in English were
identified during the period of 1984 through 2009 using the
primary search strategies outlined. Given the complexity of
this literature, several strategies were necessary to appropri-
ately capture the breadth of evidence on the topic. The search
excluded case reports, reviews, letters or commentary, edito-
rials, and articles focusing only on pediatric participants.

The PubMed-related articles algorithm was also used to
identify the additional articles similar to the items retrieved
by the primary strategy, in addition to hand searching of the
reference lists of key articles retrieved by the searches. Of
approximately 1,200 articles identified by these two tech-
niques, only prospective or retrospective studies examining
open abdominal management were selected, consisting of
145 institutional studies evaluating open abdomen manage-
ment strategies in the adult surgical or critical care popula-
tion. Ninety-five articles pertained to the topics studied and
were used to develop the recommendations. The articles were
reviewed by a group of 18 surgeons who collaborated to
produce this practice management guideline. The chair, vice
chair, and a committee member (J.J.D., D.C., and W.D.)
reviewed all the articles to categorize them into the four study
topics. They were then distributed to all members of the study
group for critical review. Each committee member has to
answer the following four questions of each article reviewed:

1. What is the class of evidence in the article?
2. Are the results of the article valid based on the data

presented?
3. What is your conclusion based on the evidence the article

provided?
4. Does the article supports the class of evidence?; can it be

evaluated using Eastern Association for the Surgery of
Trauma Primer guidelines?

The correlation between the evidence and the level of
recommendations is as follows:

Level I
This recommendation is convincingly justifiable based

on the available scientific information alone. It is usually
based on class I data; however, strong class II evidence may
form the basis for a level I recommendation, especially if the
issue does not lend itself to testing in a randomized format.
Conversely, weak or contradictory class I data may not be
able to support a level I recommendation.

Level II
This recommendation is reasonably justifiable by avail-

able scientific evidence and strongly supported by expert
opinion. It is usually supported by class II data or a prepon-
derance of class III evidence.

Level III
This recommendation is supported by available data but

adequate scientific evidence is lacking. It is generally sup-
ported by class III data. This type of recommendation is
useful for educational purposes and in guiding future studies.

RECOMMENDATIONS

Indications for the Use of the Open Abdomen
Technique
Abdominal Compartment Syndrome

1. All patients with ACS, defined as intra-abdominal pres-
sure (IAP) �20 mm Hg (with or without an abdominal
perfusion pressure (APP) �60 mm Hg—World Congress
of ACS [WCASC] definition), manifested as organ dys-
function (abdominal distension, decompensating cardiac,
pulmonary, and renal dysfunction) should undergo emer-
gent or urgent decompressive laparotomy (Table 1) (level
I).

2. An acute increase of intra-abdominal pressures to �25
mm Hg, ACS is likely and decompressive laparotomy
and an open abdomen technique should be considered
(level II).

3. After DC of nonabdominopelvic trauma, IAP should be
monitored as secondary ACS can occur after either mas-

TABLE 1. Definitions of Intra-Abdominal Hypertension and
Abdominal Compartment Syndrome*

Normal IAP is approximately 5–7 mm Hg in critically ill adults.

IAH is defined by a sustained or repeated pathologic elevation in IAP
�12 mm Hg.

IAH is graded as follows:

Grade I: IAP 12–15 mm Hg

Grade II: IAP 16–20 mm Hg

Grade III: IAP 21–25 mm Hg

Grade IV: IAP �25 mm Hg

ACS is defined as a sustained IAP �20 mm Hg (with or without an APP
�60 mm Hg) that is associated with new organ dysfunction/failure.

* Malbrain ML, Cheatham ML, Kirkpatrick A, et al. Results from the International
Conference of Experts on intra-abdominal hypertension and abdominal compartment
syndrome. I. Definitions. Intensive Care Med. 2006;32:1722–1732.
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sive transfusion or massive fluid resuscitation (Table 2;
Fig. 1, see flow diagram) (level II).

4. After DC with an open abdomen, IAP should be moni-
tored, as continued massive resuscitation can cause recur-
rent ACS (Table 2) (level II).
i. Open abdomen management should be considered in

the following clinical circumstance as prevention of
ACS: transfusion �10 units of red blood cell (RBC)
and fluid resuscitation �15 L of crystalloid (level III).

ii. With Intraabdominal hypertension (IAH) �20 mm Hg
(grade III WCACS definitions), one should monitor
for potential organ dysfunction, and if present, should
consider the following (Tables 1 and 2): (1) increase
sedation/neuromuscular blockade/body positioning
(level II), (2) evacuate intra-abdominal fluid collec-
tions (level III), (3) correct positive fluid balances:
colloid versus crystalloid, diuresis, fluid restrictions
(level II), (4) abdominal decompression (level II).

Damage Control

1. There are no level I recommendations for DC in trauma,
emergency general surgery, or vascular emergencies.

2. In the cases of severe abdominal trauma because of pen-
etrating or blunt injury involving hepatic, nonhepatic, or
vascular injuries with intra-abdominal packing, the use of
the OA technique should be considered, and an early
decision to truncate a definitive operation should be made
as soon as possible (level II).

3. DC and the OA technique should be considered if the
following clinical parameters are reached: acidosis (pH
�7.2), hypothermia (temperature �35°C), and clinical
coagulopathy and or if the patient is receiving massive
transfusion (�10 units packed RBCs [PRBCs]) (level III).

Emergency General Surgery

1. The DC and open abdomen technique may be considered
in patients with severe intra-abdominal infection/peritoni-
tis. Source control remains the major predictor of outcome
(level II).

2. The DC and open abdomen technique may be considered
in the management of severe necrotizing pancreatitis
(level III).

Vascular Surgery
The DC and open abdomen technique should be con-

sidered after rAAA in the following clinical circumstances:

1. Significant visceral edema where abdominal closure
would result in ACS (level II).

2. IAH of 21 mm Hg in postoperative rAAA (level III).

Temporary Abdominal Closure

A. There are no level I recommendations for TAC in trauma,
emergency general surgery, or vascular emergencies.

B. Any TAC technique must provide for easy re-exploration,
a high rate of definitive closure, and be cost effective
(level II).

C. Multiple techniques of TAC are safe including Bogotá
bag, Wittman Patch, and Vacuum pack (VP). All allow
ready access for relaparotomy procedures and provide
tension-free closure contributing to the prevention of IAH
(level II).

D. Permanent mesh (i.e., polypropylene [PPE]) should not be
used for TAC, as it is associated with high fistula rates
(level III).

E. The 3-layer VP (protective barrier against the viscera,
surgical towel, drains, and occlusive adhesive drape) is
considered the current standard by which to measure other
devices (level III).

TABLE 2. Abdominal Compartment Syndrome Types*

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

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

Recurrent ACS refers to the condition in which ACS redevelops after
previous surgical or medical treatment of primary or secondary ACS.

* Malbrain ML, Cheatham ML, Kirkpatrick A, et al. Results from the International
Conference of Experts on intra-abdominal hypertension and abdominal compartment
syndrome. I. Definitions. Intensive Care Med. 2006;32:1722–1732.

Emergency laparotomy 

DCL:  
OA (+/-) Packing  

with TAC 

Resuscitation 
(<36hrs) 

Re-laparotomy / STAR: 
Surgical Options: 1) Resect, 2) Repair, or 

3) Divert (Ostomy) 

Hypothermia (<35C), Acidosis 
(pH< 7.20), Clinical coagulopathy 

If intra-operative resuscitation ≥ 10U 
pRBC, 15 L IV fluids  

Risk of ACS 
Consider OA / TAC 

ACS  Emergent laparotomy is indicated: 
Sustained IAH > 20 mmHg  
with organ dysfunction if: 

1. Cardiac failure (+ pressors) 
2. Pulmonary failure (  FIO2 and  PIP) 

3. Renal failure with oliguria 

Serial/routine abdominal washouts  
Should be performed to reduce  
Intra-abdominal contamination 

Indications of Re-Laparotomy: 
Intra-abdominal sepsis (Renal failure, APACHE II,  

& MODS score - indicative of continued sepsis) 

OA/TAC is indicated: 
Trauma 
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and Vascular 

Surgery
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Figure 1. The management of the open abdomen in
trauma, emergency general, and vascular surgery flow dia-
gram. OA, open abdomen; PIP, peak inspiratory pressure.
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Relaparotomy/Staged Abdominal
Reconstruction

A. There are no level I recommendations for relaparotomy,
on-demand laprotomy or STAR in trauma, emergency
general surgery, or vascular emergencies.

B. Primary closure of the abdominal wall should be per-
formed when possible.

i. On-demand laparotomy is associated with a reduc-
tion in relaparotomies and negative laparotomies
that may reduce healthcare utilization and medical
costs (level II).

ii. Planned and on-demand relaparotomy can be con-
sidered in both abdominal sepsis and necrotizing
pancreatitis. When primary closures can be
achieved, on-demand relaparotomy has been asso-
ciated with decreased mortality (level III).

C. In the normothermic patient, on-demand re-laparotomy
should be considered with an ongoing transfusion of 2
units of RBC/hour (level III).

D. The trends in clinical parameters are predictive of ongo-
ing sepsis or inflammation and failed source control.
Acute Physiology and Chronic Health Evaluation II
(APACHE II) score, Multiorgan Failure (MOF) score,6
and Multiorgan Dysfunction score (MODS)7 can be use-
ful in this regard (level III).

E. STAR is indicated or should be considered when there is
an inability to eliminate or adequately control the source
of infection, incomplete debridement of necrotic tissue,
excessive visceral edema, questionable bowel viability, or
critical patient condition precluding definitive repair
(level III).

F. STAR of intra-abdominal injuries should take place after
physiologic normalization, (i.e., correction of acidosis,
coagulopathy, and hypothermia) optimally within 36
hours or less (level III).

G. After STAR, delaying primary fascial closure should be
considered in light of intra-abdominal findings (i.e.,
bowel edema, source control, bowel viability, etc.), and
the presence and level of organ dysfunction (level III).

H. STAR should be considered after bowel injury with massive
fecal contamination or hemorrhagic or septic shock. Staging
the gastrointestinal (GI) reconstruction when the patient is
hemodynamically stable allows for possible primary bowel
anastomosis to be performed with decreased reliance on
creating an obligate ostomy (level III).

i. After STAR and primary fascial closure, the fol-
lowing should be monitored for early failure of
primary fascial closure: (1) renal dysfunction as
indicated by an increase in blood urea nitrogen
(BUN) and or 20% increase in creatinine on the first
post closure day; (2) continued increase in creati-
nine on the second day post closure; (3) ventilatory
disturbances demonstrated by an increase in peak
inspiratory pressure and impaired gas exchange;
and (4) increased central venous pressure (level III).

Nutrition

A. Although direct measurement of abdominal fluid protein
loss may be optimal, an estimate of 2 g of nitrogen per
liter of abdominal fluid output should be included in the
nitrogen balance calculations of any patient with an open
abdomen (level II).

B. Enteral access and feeding of the patient with an open
abdomen with an intact GI tract should be instituted as
early as possible, as this may improve the rate of early
primary bowel wall closure, fistula formation, and hospi-
tal charges (level III).

SCIENTIFIC FOUNDATION

Indications
Forty-two articles were reviewed with multiple, world-

wide indications for the management of the open abdomen
(Table 3). More than 1,900 patients were included. The
evidence identified is either observational or retrospective in
nature, spanning more than 20 years of experience, and as
such, it is difficult to link clinical action with event outcome.
However, the management of the open abdomen in trauma,
transplant, emergency general surgery, and vascular surgery
has found a role, and that role seems to be expanding.

Indications have included ACS in its various forms; DC
surgery; trauma to include hepatic, severe nonhepatic, and
penetrating abdominal trauma, necrotizing pancreatitis, intra-
abdominal sepsis, emergent vascular surgery, and recently,
orthotropic liver transplantations.

Open Abdomen in the Surgical Management of
Abdominal Compartment Syndrome

In 2004, the WCACS met to develop consensus defi-
nitions for IAH and ACS.8,9 These consensus definitions are
used to define IAH, primary, secondary, and recurrent ACS.
The WCACS definitions have helped further to define the
disease processes of IAH and ACS (Tables 1 and 2). ACS is
not necessarily an end-stage process, but a continuum of
disease, which might be amendable to medical management
at an earlier stage. Grade III IAH (IAP �20 mm Hg) should
be further monitored with intravesicular pressure monitoring.
Medical therapies should be instituted at this point: position-
ing, negative fluid balance, and drainage of intra-abdominal
fluid collections.10 If these therapies fail to improve IAH or
organ dysfunction develops, serious consideration must be
given to decompressive laparotomy. Other measures that
have been mentioned and that have yet to be studied include
neuromuscular blockade, increase sedation, diuresis, evacua-
tion of intraluminal contents, and hemodialysis or hemofil-
tration in the attempt to decrease IAH.10

Abdominal decompression lowers IAH 24.2 � 9.3 to
14.1 � 5.5 mm Hg and results in the improvement in lung
dynamic compliance from 24.1 � 7.9 to 27.6 � 9.4 mL/cm
H2O.11 Abdominal decompression may also be of benefit in
the setting of increased intracranial pressure.12 By using the
definition of ACS (the development of significant respiratory
compromise, including elevated inspiratory pressure �35
mbar, renal dysfunction [urine �30 mL/hr], hemodynamic
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TABLE 3. Indications for the Use of the Open Abdomen Technique in Trauma and Emergency General Surgery

Study Class N Conclusion (Short)

Wertheimer and
Norris33

III 10 Open abdomen technique and packing with daily washout was associated with improved survival in
pancreatitis.

Hedderich et al.81 III 10 Open abdomen technique in septic abdomen was associated with decreased mortality.

Walsh90 III 34 Open abdomen technique in septic abdomen with routine washout was associated with decreased mortality.

Garcia-Sabrido
et al.37

III 64 Open abdomen technique in pancreatitis and septic abdomen with routine washout was associated with
decreased mortality.

Fietsam et al.45 III 7 Decompressive laparotomy for ACS in ruptured abdominal aortic aneurysm (rAAA) associated with
improved outcomes (pulmonary and renal).

Ivatury et al.41 III 30 Open abdomen technique in pancreatitis and septic abdomen with routine washout was associated with
decreased mortality.

Cue et al.30 III 35 Open abdomen technique with packing of severe liver trauma associated with improved outcomes
(mortality and infection).

Cuesta91 III 24 Open abdomen technique in septic abdomen with daily routine washouts associated with decreased mortality.

Talbert et al.31 III 11 Open abdomen technique with packing of severe nonliver trauma associated with improved outcomes
(mortality and infection).

Oelschlager et al.15 III 23 Open abdomen technique in rAAA associated with improved outcomes.

Dominioni et al.36 III 16 Open abdomen technique pancreatitis with serial washouts associated with improved outcomes.

Ivatury et al.29 III 70 Open abdomen technique vs. primary closure after massive resuscitation in trauma is associated with
improved outcomes.

Sugrue et al.11 III–�II 49 Open abdomen technique vs. primary closure after massive resuscitation in trauma is associated with
improved outcomes (pulmonary and renal).

Tsiotos et al.38 III 72 Open abdomen technique in pancreatitis with serial washouts associated with improved outcomes.

Ertel et al.12 III 311 Decompressive laparotomy for ACS in rAAA associated with improved outcomes (mortality, cardiac,
pulmonary, and renal).

Offner et al.18 III 52 Open abdomen technique vs. primary closure in trauma is associated with a decrease in the risk of ACS.

Raeburn et al.14 III 77 Open abdomen technique vs. primary closure in trauma is associated with a decrease in the risk of ACS.

Johnson et al.16 III 24 Open abdomen technique in trauma associated with improved outcomes. Clinical triggers: pH 7.30,
transfusion of 10 or more units of PRBCs (EBL 4 L), and temperature of 35°C or lower.

Rasmussen et al.17 III 135 Open abdomen technique in rAAA associated with improved outcomes multi-system organ failure (MSOF).
Clinical triggers: pH 7.30, transfusion of 10 or more units of PRBCs estimated blood loss (EBL 4 L),
and temperature of 35°C or lower.

Mayberry et al.20 III 9 Decompressive laparotomy in trauma patients with ACS associated with improved outcomes (pulmonary
and cardiac). Abdominal compartment syndrome is more likely to develop in patients receiving
aggressive fluid resuscitation.

Nicholas et al.19 III 45 Open abdomen technique in trauma associated with improved outcomes.

Ozguc et al.42 III 102 Open abdomen technique in septic abdomen associated with decreased mortality.

Holzheimer and
Gathof43

III 145 Open abdomen technique in abdominal sepsis triggers the decision to close the abdomen may not only be
based on intraperitoneal findings but also on the existence and level of organ failure.

Adkins et al.44 III 81 Open abdomen technique in sepsis did not show decreased mortality.

Asensio et al.32 III 139 Open abdomen technique in trauma was associated with improved outcomes (operative time, transfusions,
length of stay (LOS), EBL, infectious complications.

Agalar et al.34 III 36 Open abdomen for severe peritonitis, assist in multiple washouts.

De Waele et al.21 III 44 Decompressive laparotomy in pancreatitis with ACS was associated with improved outcomes.

Rodas et al.22 III 5 Massive transfusion defined as 15L crystalloid and 11U PRBC is associated with ACS.

Radenkovic et al.40 III 35 Open abdomen technique in pancreatitis with routine washout was associated with improved outcomes
(infectious complications).

Besselink et al.35 III 106 Early open abdomen technique in pancreatitis with routine washout was associated with higher mortality.

Djavani et al.46 III 27 rAAA patients with IAH �21 have a better overall mortality when undergoing abdominal decompression.

Mimatsu et al.47 III 5 Open abdomen technique in mesenteric ischemia was associated with easily repeatable observation of
compromised bowel.

Arthurs92 III 28 Open abdomen for penetrating battlefield trauma (high caliber, multiple injuries) and description of
outcomes.

Jafri93 III 51 Open abdomen technique with silastic mesh is a safe alternative after orthotropic liver transplantation.

Balogh et al.27 III 128 Secondary ACS can present early in major nonabdominal trauma who require aggressive resuscitation.

Balogh et al.26 II 188 Primary and secondary ACS can have bad outcomes in trauma patients. Secondary ACS can present early
and proceeded by more crystalloid administration.

O’Mara et al.25 I 31 Lower fluid volume regimens should be considered as the incidence and consequences of IAH in burn
patients continues to be defined.
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instability requiring catecholamines, and a rigid or tense
abdomen), it has been found that in these patients, emergency
abdominal decompression resulted in a significant increase in
the cardiac index, tidal volume, and urine output, with a
resultant decrease in bladder pressure, heart rate, central
venous pressure, pulmonary artery occlusion pressure, peak
airway pressure, partial pressure arterial carbon dioxide, and
lactate.2 Bladder pressures �25 mm Hg have been suggested
to indicate ACS.12 Several studies have demonstrated that
ACS may cause a critical increase in the intracranial pressure,
which markedly improves after the release of the abdominal
tension and aiding in the management of intracranial pressure
for patients with traumatic brain injury.11,13

Although the weight of the evidence suggests that the
open abdomen decreases the risk of ACS, it should be noted
that this has not been the universal conclusion of all studies.
Raeburn et al.14 found equivalent results for the development
of ACS between fascia closure, skin only and the Bogota bag.
Studies attempting to identify the risk factors for ACS sug-
gest that shock, mechanical ventilation, and aggressive fluid
resuscitation are common.14–21 Most studies demonstrate re-
suscitation volumes of fluid and blood to be much greater in
patients with ACS when compared with a randomly selected
trauma population who did not develop ACS.22 Secondary
ACS may occur after exsanguination from an extremity
injury and when massive volume resuscitation is required.
Recurrent ACS occurs after DC in a patient with an open
abdomen with either ongoing hemorrhage or massive volume
resuscitation. In all scenarios of the ACS, IAP should be
monitored.23–28

Open Abdomen in the Surgical Management of
Penetrating Abdominal Trauma

In patients with penetrating abdominal trauma, TAC
with mesh versus primary closure has been advocated when
IAH was predicted by lactate level and penetrating abdominal
trauma index (PATI). TAC with mesh versus primary closure
themselves were also predictive of IAH.29 Survival improved
with open abdomen TAC versus primary closure. IAH devel-
oped in 22.2% (10 of 45) of mesh closures and 52% (13 of
25) of primary closures. Lactate level, mesh closure, or its
absence, and PATI were the best predictors for IAH on

regression analysis.29 Survival was better in mesh TAC group
(40 of 44, 1 excluded secondary to brain death) versus
primary closure (17 of 25), p � 0.035. Classic triggers for DC
surgery, which have been described in three phases, have
been described and may include acidosis with a pH of 7.30,
transfusion of 10 or more units of PRBCs (estimated blood
loss 4 L), and temperature of 35°C or lower.16 Survival
improved for open abdominal treatment when compared with
fascia closure in those with equivalent Injury Severity Score,
Revised Trauma Score, Trauma and Injury Severity Score,
admission systolic blood pressure, operating room systolic
blood pressure, and PATI score.16,18

Open Abdomen in the Surgical Management of
Severe Hepatic and Nonhepatic Trauma

One early study looked at 35 patients who underwent
packing for control of intra-abdominal hemorrhage. The de-
sign looked more at packing as a technique, but did some
analysis of management of the abdominal wall.13 Five of 12
patients (42%) closed primarily developed wound infection,
compared with 1 of 10 (10%) closed with mesh. Also noted
were better peak airway pressures in mesh patients, although
these findings were not statistically significant.30 This prelim-
inary experience supports packing to control coagulopathic
bleeding, use of TAC, and further intensive care unit (ICU)
resuscitation with a planned second laparotomy for definitive
management of GI injuries.31 These patients with severe
nonhepatic injuries shared a constellation of findings includ-
ing acidosis, hypothermia, and coagulopathy. Protocols to
pursue DC should take into account the development of
acidosis, hypothermia, and massive transfusion or resuscita-
tion.32 One suggested protocol established pH of 7.2 or less,
temperature 34°C or less, serum bicarbonate level of 15 mEq
per liter or less, transfusion volumes of 4000 mL or more of
PRBCs, total blood replacement of 5000 mL or more if both
PRBCs and whole blood are used, and total operating room
fluid replacement of 12,000 mL or more. Groups were com-
pared in a sequential time study before and after protocol.
Although mortality was similar between these two groups,
the postprotocol group was found to have decreased operative
time, transfusions, length of stay, blood loss, infectious com-
plications, and visceral edema.32

TABLE 3. Indications for the Use of the Open Abdomen Technique in Trauma and Emergency General Surgery (continued)

Study Class N Conclusion (Short)

Biffl et al.28 III 14 Secondary ACS as a result of resuscitation from severe shock appears to be the critical factor. Early
identification and abdominal decompression are essential.

Maxwell94 III 46 “Secondary” ACS can occur with no abdominal injury.

Balogh et al.23 III 156 Supranormal resuscitation, compared with normal resuscitation, is associated with more crystalloid infusion,
decreased intestinal perfusion (higher GAPCO2), and an increased incidence of IAH, ACS, multiple
organ failure, and death.

Gracias et al.24 III 20 The management of the open abdomen with the temporary abdominal closure does not prevent the
development of ACS.

Cheatham10 II 132 The head of bed elevation results in clinically significant increases in measured IAP.

Latenser95 II 13 Percutaneous decompression is a safe and effective method of decreasing IAH and preventing ACS in
patients with less than 80% total body surface area (TBSA) thermal injury.

Includes 43 studies, 38 level III, 4 level II, 0 level I.
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Open Abdomen in the Surgical Management of
Necrotizing Pancreatitis

Descriptive studies have reported salvage rates as high
as 80%16 in small case series of necrotizing pancreatitis in
which the open abdomen technique was used, and serial
debridement and packing was performed.11,21,33,34 A retro-
spective study was performed which included 106 patients
who underwent surgical therapy for infected pancreatic ne-
crosis in 11 medical centers in the Netherlands. Surgical
approaches included using the OA technique, laparotomy
with continuous postoperative lavage, minimally invasive
procedures, and laparotomy with primary abdominal closure.
Mortality in the open abdomen group was 70% compared
with 11% in the minimally invasive group; overall mortality
was 34%. The authors concluded that the OA strategy in this
patient population should be considered obsolete.35 Regretta-
bly, this study provided limited criteria for the selection of a
particular surgical management strategy (computerized to-
mography severity index only) and did not account for
physiologic severity of illness, rendering it far from defini-
tive. The majority of the literature has described an OA
technique with serial laparotomies for patients with necrotiz-
ing pancreatitis as safe and effective at decreasing intra-
abdominal postoperative infectious complications.21,36–40 It
has been recommended that a regimented reoperative sched-
ule may result in an overall mortality of 19%, which com-
pares favorably to the Dutch study.36

Open Abdomen in the Surgical Management of
Intra-Abdominal Sepsis

Serial washouts of the open abdomen for peritonitis have
been successful in improving the overall morbidity and mortality
of the condition.3–6 One hundred seventeen patients underwent
etappenlavage (planned operative take-backs) for peritonitis. On
average, six operations were required to control infection.
APACHE II predicted mortality was 47%. This group had
reduced mortality to 24%. Four different techniques of abdom-
inal closure were used. Certain clinical parameters may suggest
which patients have ongoing evidence of sepsis or inflammation
after closure of the abdominal wall after planned repeat laparot-
omy for peritonitis.41,42 Most patients will have indicators (i.e.,
renal failure, MOF scores) that source control has not been
achieved.43 Re-exploration will reduce the mortality in these
patients. In conclusion, the decision to close the abdomen may
not only be based on intraperitoneal findings but also based on
the existence and level of organ failure.43 However, there have
been studies that fail to demonstrate a difference in mortality
between patients treated with closed versus open abdomen, and
demonstrate the reduced mortality in those not undergoing
reoperation.44 It is unclear how these groups compared in acute
physiology, but it is reasonable that those successfully treated
with one operation and closure had the highest degree of source
control at the first operation.42

Open Abdomen in Management of Vascular
Surgery

Early recognition and delayed abdominal closure has
been shown to improve the outcomes in rAAA patients with

ACS.17 The main features of ACS after rAAA were increased
central venous pressure (CVP), and mean airway pressure,
and low urine output (UOP).45 The results suggested a de-
crease in early mortality among patients undergoing delayed
abdominal closure. Late mortality because of MOF may also
be reduced with delayed abdominal closure.17 Improved late
outcome seems plausible, given the findings of decreased
pulmonary damage (improved P/F ratio) and improved tissue
oxygenation (SvO2) that was present after early postoperative
resuscitation.15 As in massively resuscitated trauma vic-
tims,16,17,21,29 delayed laparotomy closure in rAAA patients
may confer a physiologic and survival benefit. Greater intra-
operative blood loss, longer cross clamp times, and longer
operative time were risk factors for IAH, which often resulted
in colonic ischemia. Earlier decompression and treatment of
colonic ischemia may improve mortality.46 rAAA patients
with IAH �21 have a better overall mortality when under-
going abdominal decompression.15,45

A small single study used the open abdomen to
manage ischemic small bowel after superior mesenteric
artery occlusion. OA management proved extremely useful
for monitoring blood flow to the anastomotic site and for
allowing complete drainage into the abdominal space.
Using this method would assist in leaving as much remnant
bowel as possible after resection for superior mesenteric
artery occlusion.47

TEMPORARY ABDOMINAL CLOSURE
As surgeons began managing patients with open abdo-

mens, many techniques were used for TACs (Table 4). The
options for TAC are many and include the “Bogotá bag,”
fashioned from a large intravenous fluid bag, a ready-to-use
transparent “bowel bag,” VP Technique, synthetic mesh (ab-
sorbable or non-absorbable), or a Velcro-type sheath as
advocated by Wittmann et al.48 Many have since been aban-
doned or supplanted by newer techniques. Today, the most
common techniques for TAC include the Bogotá Bag, VP,
and Wittmann Patch (WP). These methods of closure have
wide support in the literature and are considered safe. All
allow ready access for relaparotomy procedures and provide
a tension-free closure, obviating IAH.

A mesh zipper was reported as one of the earliest
methods of TAC49 in the 1980s. The sterilized zipper was
sewn directly to the abdominal fascia. Repeat operations
could be performed by removing the outer dressings and
unzipping the fascia. Burch et al.50 reported a large series of
critically ill patients who underwent TAC with primary skin
closure, towel clip closure, or silo closure (Bogotá Bag) for
trauma. At the time, DC procedures were considered highly
unorthodox. This series reported a good survival rate for a
critically ill group of surgical patients. The complications
included skin necrosis, fascial dehiscence, and fascial necro-
sis. Recognition of the negative effects of forced fascial
closure and IAH caused gradual abandonment of the zipper
closure technique and replacement with tension-free closure
techniques allowing expansion of intra-abdominal con-
tents. Likewise, towel-clip closure of the skin and running
suture closure of the skin, while fast and effective, do not

The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 68, Number 6, June 2010Management Open Abdomen: Part 1—Damage Control

© 2010 Lippincott Williams & Wilkins 1431



allow sufficient fascial expansion to avoid IAH and ACS.
These techniques have largely been replaced.24,51 ACS has
been reported to occur in 13%–36% of patients who
require DC laparotomy where skin-only or towel clip
closure is performed.14,18,52

PPE mesh sewn to the fascia to form a fascial bridge
was one of the earliest attempts to create a tension-free TAC.
Chan and Esufali reported on 21 patients who had PPE placed
as a TAC. Ten of the 15 survivors had the mesh removed and
were able to undergo primary fascial closure. The five re-
maining patients had the mesh removed and a split-thickness
skin graft applied. No complications resulted from mesh
placement.53 In 1997, Schwartz et al.54 reported on using PPE
with the technical modification of suturing the mesh to the
fascia to reduce fascial necrosis. No descriptions of compli-
cations were reported. Purported benefits of PPE were its
porous nature allowing the egress of fluids as well as low
cost. Concerns over a high rate intestinal fistula (7%),55 17%
to 33%,56 and 75%,57 and infection limited general adoption
of PPE as a TAC.

Borraez developed the Bogotá bag in 1984. The tech-
nique involves sewing a sterile plastic 3-L urologic irrigation
bag to the fascia to form a fascial bridge. This technique is
simple and inexpensive.58 It does have the potential for
fascial trauma, as it requires sewing to the fascia. It has been
used extensively for trauma indications50 and for abdominal
sepsis.59 Besides intravenous bags, silastic sheeting has been
used in a similar manner to the Bogotá bag by a number of
authors to achieve a tension-free TAC.15,17,60–62 This tech-
nique is safe and has low incidence of bowel injury and
adhesion formation. Eventual fascial closure after this tech-
nique, however, is fairly low in most series (28%),59 and the
negative pressure TAC (VP) seems to improve on this.

Gortex (W. L. Gore & Associates, Flagstaff, AZ) mesh
has also been used as a fascial bridge for TAC. Nagy et al.57

reported its use in TAC with no fistula formation. Ciresi63

reported use of Gortex in patients having laparotomy for
trauma and ruptured AAA. The study noted a low rate of
reactivity to the Gortex, making re-exploration uncompli-
cated because of minimal adhesions. The subsequent closure

TABLE 4. Temporizing Abdominal Closure Techniques

Study Class N Conclusion (short)

Chan and Esufali53 III 21 Marlex mesh for open abdomen technique associated with easily re-exploration, egress of fluid.

Bose et al.49 III 5 Marlex mesh with zipper for open abdomen technique associated with easily re-exploration, egress of
fluid.

Akers96 III 4 Silicone rubber sheets for open abdomen technique associated with easily re-exploration, egress of fluid.

Burch et al.50 III 200 TAC for severe bowel edema after trauma.

Wittmann et al.43 III–�II 11 Whitman patch mesh will become colonized with bacteria of the peritoneal fluid.

Howdieshell et al.62 III 36 TAC in trauma is indicated for severe visceral edema.

Brock et al.66 III 28 TAC with vac pack is safe provides easy relaparotomy, in inexpensive.

Brandt et al.55 III 70 TAC with polypropylene mesh was associated with fistula when bowel is not protected by omentum.

Nagy et al.57 III 25 TAC with Marlex leads to unacceptably high rate of fistulae.

Fernandez et al.61 III 15 TAC with Bogotá bag is safe and cost effective.

Smith et al.67 III–�II 93 TAC with vac pack is safe provides easy relaparotomy, in inexpensive in trauma and EGS.

Schwartz et al.54 III–�II 24 TAC with Marlex leads to unacceptably high rate of fistulae.

Mayberry97 III 73 Open abdomen technique with absorbable mesh prosthesis closure in trauma was effective in treating
and preventing the ACS.

Sherck98 III 50 TAC with vacuum pack is safe provides easy relaparotomy, in inexpensive in trauma and EGS.

Ciresi et al.63 III 18 TAC with gortex is safe and may prevent ACS.

Ghimenton et al.58 III 157 TAC with Bogato bag is safe and cost effective.

Barker et al.70 III 112 TAC with vac pack is safe provides easy relaparotomy, in inexpensive in trauma and EGS.

Tremblay et al.52 III 181 TAC with skin only or Bogota bag is safe and is safe.

Gracias et al.24 III 20 TAC (vacuum pack) does not prevent the development of third ACS.

Navsaria et al.71 III 55 TAC with vac pack is safe provides easy relaparotomy and is inexpensive in trauma and EGS.

Foy et al.60 III 134 Nylon reinforced silicone elastomer is a safe, reliable material for temporary abdominal closure in
trauma and rAAA.

Mayberry99 III 140 TAC with absorbable mesh is associated with risk of fistulas.

Chavarria-Aguilar et al.69 III 104 TAC with vac pack is safe provides easy relaparotomy and is inexpensive in trauma and EGS.

Montalvo100 III 120 TAC in trauma was not associated with mortality but is related to age and base deficit.

Wilde101 III 11 TAC with vac pack is safe, provides easy relaparotomy and is inexpensive in EGS.

Rao et al.73 III 29 20% fistula rate in critically ill VAC patients.

Kirshtein et al.59 III 79 TAC using the Bogota Bag in patients requiring repeated washouts for secondary peritonitis.

Barker et al.68 III 258 TAC with vac pack is safe, provides easy relaparotomy, and is inexpensive in trauma and EGS.

Keramati et al.65 III 8 TAC with Wittmann Patch after decompressive celiotomy for ACS after burn.

Included 29 studies, 26 level III, 3 level II, 0 level I.
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rate was high and fistula rate was very low. The high cost of
Gortex, lack of fluid egress, and the potential fascial trauma
from suturing the TAC in place have limited the use of
Gortex as a TAC.64

Use of the WP (Starsurgical, Burlington, WI) was first
reported in 1990 for use with serial abdominal washout for
severe peritonitis.48,51 One hundred seventeen patients with
abdominal sepsis were prospectively studied. There were no
enterocutaneous fistulas reported and no cases of fascial
necrosis with the WP when compared with zipper closure or
closure with retention sutures. Aprahamian et al.51 studied the
device in 20 consecutive trauma laparotomies. Fifteen of the
16 survivors underwent primary fascial closure at subsequent
operation. In one patient, the device was removed due to
fascial infection requiring surgical debridement. In a small
series of patients developing ACS, WP was associated with
no complications, and all survivors were able to undergo
primary fascial closure.65

The WP consists of two sheets of hook-and-burr material
(similar to Velcro) that is sewn to the fascial edges after a plastic
drape is placed over the viscera. The hook-and-burr are then
overlapped with limited tension to provide a secure TAC. Gauze
is used to pack the subcutaneous tissue.48 Pulling the Velcro-like
material apart easily allows for re-exploration of the abdomen.
At the completion of the subsequent operations, the patch can be
tightened to keep fascial tension. Repeated tightening of the
patch allows for a gradual sequential closure of the fascia.

Brock et al.66 first reported the VP technique in 1995. A
larger study with a combined population of trauma and emergent
general surgical patients was reported in 1997.67 The majority of
these patients were able to undergo primary fascial closure at the
time of their second laparotomy. Fascial closure rate was 71%
for the emergency general surgery (EGS) group and 61% for the
trauma group. Barker et al.68 reported a 68% fascial closure rate
in a combined population. The same group reported their expe-
rience using VP with destructive bowel injuries requiring resec-
tion.69 No difference in fistula or anastomotic leak was noted
between patients having VP or other types of TAC. The reported
fistula rate in the larger studies is 3% to 5%.70,71 This technique
has proven to be efficient and allows for safe movement of the
patient and prone positioning of the patient if needed.24

The VP technique uses a three-layer TAC. First, a
fenestrated polyvinyl sheet (ISO 1010 Drape, Microtek Med-
ical, Columbus, MS) is draped over the exposed viscera and
tucked under the fascial edges. Next, a surgical towel is
placed under the fascia followed by two silicone drains
(Jackson-Pratt Drain, Allegiance, McGaw Park, IL), which
are placed on top of the towel. An adhesive, iodophor-
impregnated polyester drape (Ioban 2, 3 mol/L Healthcare,
St. Paul, MN) is placed over the skin laterally to the anterior
axillary lines to seal the wound. The surgical drains are
connected to a Y-connector, and wall suction is applied. This
dressing has gained wide acceptance because it is fast to
apply, inexpensive, atraumatic and allows for excellent con-
trol of abdominal fluids. It is also cost effective at approxi-
mately $50 per application.68,70 VP remains the most popular
TAC used today for trauma and emergent general surgery. It
is the current standard of care for TAC.

A commercial version of the VP has been performed
using the VAC Abdominal Dressing System from KCI (San
Antonio, TX). There have been a number of previous reports
that have highlighted the advantages of VAC therapy as
TAC. In a series of 112 patients, 11 (9.8%) developed
abdominal complications, of whom five (4.5%) developed a
fistula: three from the small bowel, one pancreatic, and one
gastric. Two of the small bowel fistulae and the gastric fistula
occurred in patients who had an intestinal resection and
anastomosis at their primary operation.70 Miller and cowork-
ers72 reported the use of VAC in 45 patients with minimal
complications and a 48% primary fascial closure rate. One
series, with 29 emergent general surgical patients requiring
bowel resection, reported a very high incidence (20%) of
enterocutaneous fistulas.73

The ideal TAC would fulfill the following criteria: easy to
apply, tension free, atraumatic, inexpensive, and allow for a high
rate of definitive fascial closure when the device is no longer
needed. Currently, the most popular techniques of TAC are the
VP, WP, and the Bogotá bag. All these techniques are safe and
allow ready access for relaparotomy. They are also tension free,
thus avoiding the added complication of IAH and ACS. VP has
the added advantage of not needing to be sutured to the fascia,
saving time, and potential tissue destruction. There does not
seem to be a single TAC that is superior to the others commonly
in use. It is largely a matter of surgeon preference, and without
direct comparison of the commonly used techniques a single
method cannot be recommended.

RELAPAROTOMY/STAGED ABDOMINAL
RECONSTRUCTION

Relaparotomy and STAR serves three main functions:
washout to reduce contamination and control intra-abdominal
sepsis, resection or debridement of devitalized or contami-
nated tissue, and reconstruction of the GI tract (Table 5).
Relaparotomy and STAR should be performed when the
patient has been adequately resuscitated as demonstrated by
correction of hypothermia, acidosis, and coagulopathy.74 This
can usually be accomplished within 36 hours.74 This tech-
nique has been shown to improve the outcomes in severely
injured trauma patients.75

An ideal setting for reconstruction of internal injuries
must be achieved.42,43 Injured devitalized tissue is resected,
and GI injuries can be anastomosed safely, mitigating the
necessity for obligate ostomy. However, in high risk patients,
ostomy remains the most conservative approach.76 Relapa-
rotomy with routinely scheduled abdominal washout has been
used as a means to effectively manage the patient with severe
intra-abdominal sepsis. It has been well tolerated with few GI
complications. Several authors have suggested decreased
mortality.42,77–81 Utilization in severe necrotizing pancreati-
tis, in general, is associated with improved mortality, al-
though there are mixed results in less severe cases.36–40,51,82

In the patient with sepsis, the clinical parameters such
as renal dysfunction, APACHE II score, and MODS score
were predictive of on going intra-abdominal sepsis6,7,83 and
were the indications for relaparotomy.43,72,76,77,80 Those pa-

The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 68, Number 6, June 2010Management Open Abdomen: Part 1—Damage Control

© 2010 Lippincott Williams & Wilkins 1433



tients with continued intra-abdominal sepsis who underwent
repeat laparotomy had reduced mortality.43 In patients with
high ventilatory demands, bedside relaparotomy has provided
a safe adjunct with risks similar to those performed in the
operative theater.72

A clear benefit for planned relaparotomy versus on de-
mand has not been demonstrated.84 Van Ruler et al. in a
randomized controlled trial of 116 on-demand and 116 planned
relaparotomies in the setting of peritonitis demonstrated no
significant difference in primary end point (57% on-demand
[n � 64] vs. 65% planned [n � 73], p � 0.25) or in mortality or
morbidity alone (29% on-demand [n � 32] vs. 36% planned
[n � 41], p � 0.22) (40% on-demand [n � 32] vs. 44% planned
[n � 32], p � 0.58), respectively. A total of 42% of the
on-demand patients had a relaparotomy versus 94%of the
planned relaparotomy group. Thirty-one percent of first relapa-
rotomies were negative in the on-demand group versus 66% in
the planned group (p � 0.001). Patients in the on-demand group
had shorter median ICU stays (7 vs. 11 days, p � 0.001) and
shorter median hospital stays (27 vs. 35 days, p � 0.008). Direct
medical costs per patient were reduced by 23% using the
on-demand strategy. On-demand relaparotomy did not have a
significantly lower rate of death or major peritonitis-related
morbidity compared with the planned relaparotomy group but

did have a substantial reduction in relaparotomies, healthcare
utilization, and medical costs.84

NUTRITION SUPPORT OF THE OPEN
ABDOMEN

Early nutritional support is well described in surgical
literature. Evidence that it is safe, well tolerated, decreases
hospital length of stay, and may reduce infectious complications
is clear. However, the idea of early enteral nutrition in the
management of the open abdomen is relatively poorly investi-
gated (Table 6). We can infer from a relatively recent study that
the OA represents a significant source of protein or nitrogen loss
in the critically ill. Failure to account for this loss in nutritional
calculations may lead to underfeeding and inadequate nutritional
support with a negative effect on patient outcome. Although
direct measurement of abdominal fluid protein loss may be
optimal, an estimate of 2 g of nitrogen per liter of abdominal
fluid output should be included in the nitrogen balance calcula-
tions of any patient with an open abdomen.85

Furthermore, early enteral nutrition (�4 days) is well
tolerated, and in comparison with delayed enteral nutrition
may result in higher primary fascial closure (74% vs. 49%;
p � 0.02), lower fistula rate (9% vs. 26%; p � 0.05) and
lower total hospital charges.86 Early enteral nutrition insti-

TABLE 5. Re-Laparotomy / STAR for Trauma and EGS

Study Class N Conclusion (short)

Hedderich et al.81 III 10 Relaparotomy and serial washout in abdominal sepsis associated with improved outcomes
(GI, mortality).

Garcia-Sabrido et al.37 III 64 Relaparotomy and serial washout in abdominal sepsis associated with improved outcomes (mortality).

Aprahamian et al.51 III 20 Relaparotomy and serial washout in trauma and abdominal sepsis associated with improved outcomes
(mortality).

Wittmann et al.80 III–�II 117 Relaparotomy and serial washout in trauma and abdominal sepsis associated with improved outcomes
(mortality).

Hakkiluoto and
Hannukainen79

II 21 Relaparotomy and serial washout in abdominal sepsis associated with improved access to abdomen.

Ercan et al.78 III 14 Relaparotomy and serial washout in abdominal sepsis associated with improved access to abdomen.

Morris et al.74 III 107 Relaparotomy and STAR for trauma for damage control patients.

Hirshberg et al.75 III 124 Relaparotomy and STAR for trauma for damage control patients.

Torrie102 III 66 Relaparotomy and STAR for trauma for damage control patients.

Dominioni et al.36 III 16 Relaparotomy and serial washout in pancreatitis associated with improved outcomes (mortality).

Tsiotos et al.38 III 72 Relaparotomy and serial washout in pancreatitis associated with improved outcomes (infectious
complications).

Perez and Hilvano39 III 8 Relaparotomy and serial washout in pancreatitis associated with improved outcomes (mortality).

Ozguc et al.42 III 102 Relaparotomy and STAR for peritonitis. Mortality correlated with increase age, APACHE II, and
severity of sepsis.

Holzheimer and
Gathof43

III 145 Most patients will have indicators (ie renal failure, MOF scores) that source control has not been
achieved. Relaparotomy and STAR for peritonitis is associated with improved outcomes (mortality).

Diaz et al.72 III 75 Bedside relaparotomy is safe in trauma patients.

Finlay et al.76 III 14 Relaparotomy, serial washout, and STAR in EGS are associated with improved outcomes (decrease
need of obligate ostomy).

Radenkovic et al.40 III 35 Relaparotomy and serial washout in pancreatitis is associated with improved outcomes (infectious
complications).

Cinquepalmi et al.82 III 35 Relaparotomy and serial washout in pancreatitis is associated with improved outcomes (long term
outcomes: exocrine and endocrine function, return to work).

Stawicki et al.77 III 16 Relaparotomy, serial washout, and STAR in EGS are associated with improved outcomes (mortality).

Included 19 studies, 18 level III, 1 level II, 0 level I.
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tuted in less than 48 hours is well tolerated in open abdomens
for trauma and reduces nosocomial infections (most notably
pneumonia) with no significant difference in multiorgan dys-
function syndrome, length of ventilator days, ICU days,
hospital days, or mortality.87 Although these results are en-
couraging, in the absence of a larger body of literature, any
recommendation must be made with caution, and further
study is necessary to make significant inferences.

A special note should be made of the extremely rare
occurrence of nonocclusive bowel ischemia because of early
and aggressive enteral feeding.88 Tube feedings should be
discontinued immediately, and total parenteral nutrition
(TPN) should be started in patients with abdominal pain,
distension, increased nasogastric drainage, and signs of in-
testinal ileus.89 Laparotomy should be considered in patients
who manifest an acute surgical abdomen.

CONCLUSION
Through its various evolutions, the techniques of OA

management have demonstrated usefulness in surgery. From
life-saving decompression of ACS in vascular surgery and DC
to providing ready and repeated access for source control in
abdominal sepsis, the last 30 years have provided a substantial
body of clinical experience to guide our endeavor to decrease
morbidity and mortality. There remains a great degree of heter-
ogeneity in the patient populations and the surgical techniques
described. We hope these recommendations provide a means to
guide the indications, use, and early management of open abdo-
men in both trauma and nontrauma surgery.
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EDITORIAL COMMENT
Diaz et al.1 have done a superb job of analyzing the

complex, heterogenous literature on damage control. These
practice management guidelines (PMG) measure up to the
high standards of others created by the Eastern Association
for the Surgery of Trauma (EAST).

The EAST Primer of 2000 on PMG development2 has
become the beacon that directs us to advance recommenda-
tions at levels I to III, based on evidence as classes I to III.
However, it is clear from a review of the various PMG of
EAST that class I evidence (prospective, randomized trials)
exists for few clinical problems. Their solutions must neces-
sarily be based on class II or even class III evidence. The
current PMG are no exception. Only one report of the 95
relevant articles reviewed, on burn resuscitation with col-
loids versus crystalloids, had the strength of a class I
evidence but was not strong enough to warrant a level I
recommendation.

There was only one level I recommendation in the
current PMG, relating to emergent/urgent decompressive lap-
arotomy for abdominal compartment syndrome, as defined by
consensus opinion of the World Congress of Abdominal
Compartment Syndrome. Expert opinion and consensus panel
discussions have not been given much eminence by the EAST
primer. Nevertheless, the authors to their credit recognized
their value and included them in their analysis to form many
level II and a few level III recommendations on intraabdomi-
nal hypertension and abdominal compartment syndrome.
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They proved to be prescient: in a report too recent to be
included in this analysis, Cheatham and Safcsak3 documented
improved survival, reduced resource utilization, and in-
creased fascial closure by management protocols refined by
algorithms and definitions of the World Society of Abdomi-
nal Compartment Syndrome. The accompanying editorial4
applauded: “the waiting is over: the first clinical outcome
study of the treatment of intra-abdominal hypertension has
arrived.”

Consensus opinion that is a product of rigorous analysis
and discussion, in concert with even lowly class III data, may
lead to strong level II recommendations as shown by these
PMG. The importance of this process cannot be overstated:
first, they emphasize the benefits of temporary abdominal
closure and open abdomen management. Second, they collate
current refinements in our management of these critically
injured or ill patients and the role of prevention, monitoring,
and prompt treatment of intraabdominal hypertension. Third,
they serve to promulgate the current knowledge about these
preventable complications and help rectify the obstinate
“never” and “do-not-believe-in-it” attitudes of clinicians still
prevalent in different countries, specialties of critical care,
and even specialties of surgery.5 In the interest of full disclo-

sure, this writer is a member and an officer of the executive
committee of World Society of Abdominal Compartment
Syndrome.
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Department of Surgery
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