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Abstract Since the mid-1990s the surgical community

has seen a surge in the prevalence of open abdomens (OAs)

reported in the surgical literature and in clinical practice.

The OA has proven to be effective in decreasing mortality

and immediate postoperative complications; however, it

may come at the cost of delayed morbidity and the need for

further surgical procedures. Indications for leaving the

abdomen open have broadened to include damage control

surgery, abdominal compartment syndrome, and abdominal

sepsis. The surgical options for management of the OA are

now more diverse and sophisticated, but there is a lack of

prospective randomized controlled trials demonstrating the

superiority of any particular method. Additionally, critical

care strategies for optimization of the patient with an OA

are still being developed. Review of the literature suggests

a bimodal distribution of primary closure rates, with early

closure dependent on postoperative intensive care man-

agement and delayed closure more affected by the choice

of the temporary abdominal closure technique. Invariably,

a small fraction of patients requiring OA management fail

to have primary fascial closure and require some form of

biologic fascial bridge with delayed ventral hernia repair in

the future.

Introduction

Direct pressure has long been used as a means of hemos-

tasis, and its application to abdominal hemorrhage,

especially in the face of medical coagulopathy seems

logical. In a seminal paper, Stone et al. wrote that

abdominal tamponade with laparotomy sponges was a well

known technique at the time to control solid organ injury.

They described several patients transferred to Grady Hos-

pital from referring physicians with ‘‘obvious packs pro-

truding from the abdomen’’ [1]. Despite an improvement in

survival from 7% to 65% in the original case series of

Stone et al., historically, leaving the abdomen ‘‘open’’ was

considered a surgical failure. Exiting the operative theater

before completing all definitive repairs was thought to

result in increased intraabdominal abscess, intestinal fis-

tulas, evisceration, multiorgan dysfunction, and mortality.

In 1993, Rotondo et al. hypothesized that with new weap-

onry the injury patterns of trauma patients had changed and

that although definitively addressing all injuries may have

been preferable in the past it may no longer be possible in

patients with multiorgan and severe vascular injuries [2].

Additionally, as our understanding of the bloody vicious triad

of coagulopathy, acidosis, and hypothermia grew, the need for

abbreviated surgery and rapid return to the intensive care unit

(ICU) for aggressive resuscitation was emphasized. Lastly,

abdominal compartment syndrome (ACS) was increasingly

recognized as a contributing factor for mortality in these

patients [3]. Faced with more severely injured patients and

armed with an improved understanding of the pathophysiol-

ogy of inflammation, injury response, and ACS, surgeons

have reversed their original opinion of damage control surgery

(DCS).

Damage control (DC) laparotomy and the open abdo-

men (OA) are now viewed as critical techniques in the

treatment of severely injured patients. Additionally, DCS

and use of the OA are being applied outside of the realm of

trauma to patients with abdominal sepsis, prolonged or

extensive elective surgery, and ACS (Table 1).
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Table 1 Indications for and results of damage control surgery for an open abdomen

Study Class N DCT indication Conclusion/outcome

Trauma

Stone et al. [1] III 31 Coagulopathy in penetrating trauma

patients (pts)

DL survival: 11%

DCS survival: 65%

Rotondo et al. [2] III 46 Penetrating trauma to abdomen Subset analysis of major vascular injury

DL survival: 11 %

DCS survival: 77%

Ivatury et al. [4] III 70 Evaluate OA and incidence of IAH

versus PFC in trauma pts

OA survival, incidence of IAH: 90%, 22%

PFC survival, incidence of IAH: 68%, 52%

Offner et al. [5] III 52 Incidence of ACS in trauma pts with

PFC versus no FC

PFC survival, ACS: 80%, 80%

No FC survival, ACS: 72%, 21%

Nicholas et al. [6] III 65 Equivalent cohort comparison of DCS

in penetrating trauma pts from early

1980s to late 1990s

DCS 1990s survival: 74%

DCS 1980s survival: 24% (P \ 0.001)

Asensio et al. [7] III 135 DCS for penetrating trauma before

protocol and after a defined protocol

Mortality equivalent: 24%

ICU LOS, hospital LOS before protocol: 22,

37 days

After protocol: 14, 23 days (P \ 0.02, 0.008)

ACS

Raeburn et al. [3] III 77 Post-DCS trauma pts with skin closure

or Bogota bag

ACS mortality: 43%

No ACS mortality: 12% (P = 0.002)

Balogh et al. [8] III 128 Secondary ACS occurs in massively

resuscitated nonabdominal trauma

pts

9% of massive resuscitation required ACS needing

OA

Mortality of ACS: 54%

Balogh et al. [9] III 188 Comparison of massively resuscitated

shock trauma pts with ACS

Mortality

No ACS: 11%

Primary ACS: 64%

Secondary ACS: 53%

Increased risk of ACS with crystalloid [7.5 l

De Waele et al. [10] III 44 ACS in association with SAP Mortality with SAP requiring decompression: 75%

No decompression required: 22%

Cheatham and Safcsak [11] II 478 Early aggressive protocol for OA in

IAH and ACS

Survival before protocol: 50%

Survival after protocol: 72% (P = 0.15)

Emergency general surgery

Garcia-Sabrido et al. [12] III 64 Necrotic pancreatitis, OA for serial

débridement

Survival: 73.5%

APACHE II expected survival: 55%

Ivatury et al. [13] III 30 Serial débridement for septic abdomen Survival: 53%

Age \50: 80%

Age [50: 27%

Tsiotos et al. [14] III 72 Serial débridement of pancreatitis

with ‘‘zipper’’ technique

Survival: 25%

Recurrent intraabdominal infection: 13%

Ozguc et al. [15] III 105 Early decision for OA in management

of septic abdomen

Early OA survival: 64%

Late OA survival: 36%

Adkins et al. [16] III 81 OA for management of septic

(perforated) abdomen

Survival: 67%

Matched historical survival: 75%

Fistula rate with OA: 14%

Radenkovic et al. [17] III 35 OA for repeated débridement of

severe necrotizing pancreatitis

Mortality: 34%

Recurrent intraabdominal infection: 11%
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The increasing prevalence of the OA has prompted the

development of numerous methods of temporary abdominal

closure (TAC). The ideal TAC device contains the abdominal

viscera during resuscitation and transport, limits contamina-

tion, prevents evisceration and desiccation, assists with

evacuation of abdominal fluid, decreases bowel edema, pre-

vents adhesions, allows easy access to the abdominal cavity,

avoids damage to the fascial edges, and prevents abdominal

wall retraction while allowing for expansion of abdominal

contents to prevent the development of ACS [22–24].

Intensive care management of the OA is still in its infancy.

Resuscitation should include not only aggressive correction of

coagulopathy, acidosis, and hypothermia but may need to

address paralysis, early enteral nutrition, and judicious fluid

management. The optimal goal of early ICU management is to

facilitate early closure (within the first 7 days) and prevent

delayed complications, including failure of the primary fascial

closure, enteroatmospheric fistulas, deep abdominal abscess,

and massive ventral hernia.

Open abdomen

Definition

The open abdomen is defined simply as a surgical abdomen

with the fascial edges purposefully left unapproximated.

The OA is a planned surgical technique for managing DC

trauma patients, severe abdominal sepsis, intraabdominal

hypertension (IAH), necrotizing infections of the abdomi-

nal wall, and acute mesenteric ischemia [25]. It is a tem-

porizing measure that allows a planned escape from the

operating theater to control medical bleeding, correct

metabolic derangements and hypothermia or facilitate

repeated abdominal debridement or bowel resections.

Risk factors

Predictors of the need for DC procedures can be separated

into preoperative and intraoperative factors. Ideally, the

surgeon should already have decided upon definitive su-

gery or DCS upon entering the operating theater. Studies

have found that an early decision to perform DCS may

result in less mortality [26].

Preoperative predictors for DCS include penetrating torso

trauma with hypotension, the need for resuscitative thoracot-

omy, blunt abdominal trauma with intraperitoneal hemorrhage

and hypotension, severe pelvic fracture with hypotension, or

severe multicavitary trauma [27]. Asensio et al. identified

prehospital and emergency department (ED) variables that

predicted exsanguinating hemorrhage and the need for DCS.

Prehospital variables include an absence of pupillary response,

spontaneous ventilation, extremity movements, sinus rhythm

or carotid pulse, penetrating truncal trauma, and the need for

intubation or cardiopulmonary resuscitation (CPR) in the field.

ED variables included blood pressure\60 mmHg, inability to

mount an appropriate tachycardic response, Revised Trauma

Score\6, and admission pH \ 7.2 [28]. Garrison et al. iden-

tified a high injury severity score, low Glasgow Coma Score

(GCS), prolonged hypotension, hypothermia, and poor clot-

ting function in the ED as predicting the need for DCS [29].

Early studies used intraoperative clinical triggers for DCS.

Stone et al. used the surgeon’s recognition of the absence of

clot formation and bleeding without a visible vascular source

as a trigger for abbreviated laparotomy [1]. Rotondo et al. used

abdominal exsanguination requiring 10 units of packed red

blood cells (PRBC) to select patients for DCS [2]. Further

experience with DCS has established the following risk fac-

tors for increased mortality and morbidity with definitive

surgery: pH \ 7.2, temperature\34�C, estimated blood loss

(EBL)[4 l, transfusion[10 units PRBC, and systolic blood

Table 1 continued

Study Class N DCT indication Conclusion/outcome

Besselink et al. [18] III 106 Compared OA with serial

débridement vs. closure and lavage

in treating infected necrotizing

pancreatitis

Mortality

OA: 70%

Lavage: 21% (P \ 0.001)

Vascular

Oelschlager et al. [19] III 23 PFC vs. delayed fascial closure of

rAAA

Delayed closure survival: 50%

PFC survival: 27%

Rasmussen et al. [20] III 135 High risk rAAA for postoperative

ACS

OA survival: 50%

PFC survival: 30%

Djavani et al. [21] III 27 rAAA with normal abdominal

pressures vs. IAH

IAH \ 21: mortality 0%, left colon ischemia 0%

IAH[ 21: mortality 22%, left colon ischemia 44%

DCS damage control surgery, pts patients, DL definitive laparotomy, OA open abdomen, IAH intraabdominal hypertension, ACS abdominal

compartment syndrome, PFC primary fascial closure, FC fascial closure, ICU intensive care unit, LOS length of stay, SAP severe acute

pancreatitis, rAAA ruptured abdominal aortic aneurysm

World J Surg (2012) 36:497–510 499

123



pressure\70 mmHg [28, 30]. Additionally, laboratory values

including a base deficit [-6 in patients C55 years of age

or [-15 in patients \55 years of age, lactate [5 mmol/l,

prothrombin time [16, or partial thromboplastin time [50

have also been associated with the need for DCS and

decreased survival [27, 31]. Any of these factors in a trauma

patient undergoing open laparotomy should prompt the sur-

geon to perform an abbreviated first procedure and use TAC.

Damage control techniques and use of the OA may also

be utilized in other populations. In fact, the treatment of

ACS provides the only level I evidence in the literature

supporting OA techniques [32]. Patients with ACS, defined

as sustained intraabdominal pressure [20 mmHg with the

onset of new organ dysfunction, should be managed with

decompressive laparotomy and creation of an OA [33, 34].

Patients with acutely increased intraabdominal pressures

[25 mmHg without acute organ dysfunction should also be

considered for prophylactic decompressive laparotomy.

Lastly, patients at high risk for postoperative ACS should

be left open prophylactically following completion of

surgery. These patients include those requiring [15 l of

crystalloid, or 10 units of PRBC intraoperatively or patients

with increased peak inspiratory pressures[40 mmHg upon

fascial closure [3, 5, 28, 31, 32, 35].

The OA is also used in the management of ‘‘second-

look’’ or staged laparotomy, which may occur after an

embolic phenomenon or mesenteric venous occlusive dis-

ease. It is also employed in patients with severe abdominal

sepsis necessitating repeated débridement, most specifi-

cally severe pancreatic necrosis. Planned relaparotomy

versus demand laparotomy for abdominal sepsis have

equivalent survivals with a tendency toward increased

survival after planned relaparotomy [12, 36]. The most

important factor determining which modality to choose

intraoperatively is the ability to attain adequate initial

source control [15]. Althugh no study to date has found a

clear survival benefit between planned versus demand

relaparotomy, van Ruler et al. did find a significant

decrease in health care cost, reoperations, and length of

ICU and hospital stays with demand laparotomy [37].

The use of DC techniques has been associated with less

mortality, decreased multisystem organ dysfunction and

infection, and decreased risk of ACS after trauma and

emergency general surgery (Table 1). Once the goals of

care have been changed to damage control, and the fascia is

left open prophylactically or therapeutically, a decision as

to the type of dressing or TAC must be made.

Temporary abdominal closure options

In the initial series of patients subjected to damage control,

skin or even formal closure of the fascia was used to

enhance the tamponade effect of packing. However, the

resulting high incidence of ACS led to a significant

decrease in the use of these types of closure [3, 8, 9].

Surgical techniques have subsequently been refined greatly

during the past three decades, from the towel clip closure

technique to the more sophisticated ABThera System (KCI,

San Antonio, TX, USA). The evolution of TAC has

focused on balancing the stabilization of the abdominal

compartment with the surgeon’s need for swift, convenient

application, removal, and replacement of the temporary

system. The ideal TAC would contain intraabdominal

viscera in a homeostatic environment while minimizing

trauma to the skin, fascia, and underlying bowel. It would

also limit contamination, provide a means of egress for

peritoneal fluid, prevent adhesion formation and recurrent

ACS, and be cost-effective. Arguably, the most important

aspect of TAC would be to prevent retraction of the

abdominal wall and facilitate future primary fascial closure

[22]. The modern surgeon now has access to numerous

TAC devices, both commercial and self-designed. Unfor-

tunately, there is little evidence to favor one form of TAC

over another, and well designed randomized controlled

trials for trauma, emergency general surgery, and vascular

patients are lacking (Table 2). The options can be divided

into skin closure techniques, fascial closure techniques, and

negative pressure applications. The most common of these

are the Barker or other negative-pressure dressing, the

Wittmann Patch, and the Bogota bag [32, 76].

Skin closure techniques

The skin closure technique uses skin to anchor the TAC

and provide some abdominal wall stability with contain-

ment of the abdominal viscera. These techniques include

simple running suture of the skin, sequential towel clip

closure, the silo technique, and the Bogota bag. Each had

its place in the early days of TAC.

Towel clip and suture closure of the skin is swift,

inexpensive, and easily available. Both of the techniques,

however, rely on a fixed circumference and bursting pres-

sure of the skin; they therefore have an increased risk of

evisceration, skin necrosis, infection, and recurrent ACS

[77]. Towel clip closure creates a large radiopaque mass on

the abdominal wall that limits the effectiveness of further

radiologic studies. Because of the high complication rates,

including that of ACS, varying from 13% to 36%, these

techniques have largely been abandoned (Table 1).

The silo technique and Bogota bag (Fig. 1) require

suturing an inert, nonpermeable barrier (sterile IV bag,

bowel bag, Steri-Drape, Silastic cloth) to the skin or fascia

to contain the abdominal viscera. The Bogota bag was

invented by Oswaldo Borraez in 1984, but the term was

coined by Mattox after visiting with surgeons in Bogota,
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Table 2 Effectiveness of temporary abdominal closure methods

Study Class N TAC method Days to close Primary closure rate Complication rate

Smith et al. [38] III 13 Skin: 8 NR Skin: 75% Mortality: 23.1%

Abs mesh: 5 Mesh: 20% ACS: NR

ECF: NR

Tremblay et al. [39] III 181 Skin: 93 NR Skin: 40% Mortality: 44.7%

Silo: 75 Silo: 17% ACS: 12.7%

ECF: 14.4%

Raeburn et al. [3] II 77 Fascia: 6 \3 ?ACS: 21% Mortality

Skin: 47 –ACS: 74% ?ACS: 43%

Silo: 24 -ACS: 12%

ACS: 36%

ECF: none

Offner et al. [5] III 52 Fascia: 10 NR NR Mortality: 25%

Skin: 25 ACS: 33%

Bogota bag: 17 ECF: NR

Kirshtein et al. [40] III 115 Bogota bag 1–9 12.2% Mortality 24%

ACS: NR

ECF: 9/115

Brox-Jimenez et al. [41] III 12 Bogota bag NR NR Mortality 58.4%

ACS: none

ECF: none

Batacchi et al. [42] II 66 Bogota bag: 31 BB: 6.6 NR Mortality: 28.8%

VP: 35 VAC: 4.4 ACS: NR

ECF: NR

Howdieshell et al. [43] III 36 Silastic NR 31% Mortality: 28%

ACS: NR

ECF: 0

Doyon et al. [44] III 17 Silo Mean 15.0 82% Mortality: 17.6%

ACS: NR

ECF: 0

Foy et al. [45] III 134 Silastic 5.0 75% Mortality: 38%

ACS: NR

ECF: 5%

Howdieshell et al. [46] III 88 Silastic NR 34% Mortality: 19%

ACS: 2.3%

ECF: 0

Bee et al. [47] I 51 Abs mesh: 20 NR Mesh: 26% Mortality: NR

VAC/VP: 31 VAC: 31% ACS:

NR

ECF

Mesh: 26%

VAC: 21%

Mayberry et al. [48] III 140 Abs mesh Primary 5.3 Primary: 38% Mortality 16%

Flaps 21.1 Primary with flaps:

45%

ACS: NR

ECF: 7.1%

Jernigan et al. [49] III 274 Abs mesh \7.0 22% Mortality: 42.3%

ACS: NR

ECF: 8%
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Table 2 continued

Study Class N TAC method Days to close Primary closure rate Complication rate

Tons et al. [50] III 377 Mesh NR 18% Mortality: 21%

ACS: 0

ECF: 18%

Sugrue et al. [51] II 49 Non-abs mesh NR 33% Mortality: 43%

ACS: 0

ECF: 6.1%

Vertrees et al. [52]a III 29 Non-abs mesh 46.0 89% Mortality: 0

ACS: 0

ECF: 0

Vertrees et al. [53] III 86 Non-abs mesh Primary \ 10.0 Primary: 18% Mortality: 2.3%

Closure with

mesh: 33.0

Closure with mesh:

77%

ACS: NR

ECF: 4.6%

Wittmann et al. [36] II 117 Suture: 45 NR 88% Mortality: 25%

Zipper: 26 ACS: NR

Slide: 29 ECF: 0

WP: 17

Wittmann [54] III 128 WP 6.8 93% Mortality: 11% at

30 days, 19% total

ACS: 0

ECF: 2.3%

Hadeed et al. [55] III 26 WP 13.1 83% Mortality: 7.7%

ACS: NR

ECF: 4.2%

Keramati et al. [56] III 6 WP 9.0 100% Mortality: 67%

ACS: 0

ECF: 0

Weinberg et al. [57] III 159 WP 8.0 WP: 78% Mortality: NR

All others: 30% ACS: NR

ECF: 0

Tieu et al. [58] III 29 WP 15.5 82% Mortality: 24%

ACS: NR

ECF: 0

Smith et al. [59] III 93 VP General surgery:

2.4

55% Mortality: 32%

Trauma: 2.7 ACS: NR

ECF: 4.3%

Barker et al. [60] III 112 VP 2.2 55.4% Mortality: 25.9%

ACS: NR

ECF: 4.5%

Garner et al. [61] III 14 VAC 9.9 92.0% Mortality: NR

ACS: NR

ECF: 0

Miller et al. [62] III 148 VAC Two groups: \9

and 21 days

71.0% Mortality: 44%

ACS: NR

ECF: 1.2%

Navsaria et al. [63] III 55 VP NR 53.3% Mortality: 45%

ACS: NR

ECF: 5%
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Colombia in 1997 [78, 79]. These techniques are inex-

pensive, have swift application, can be used as a temporary

measure, and allow some abdominal wall stabilization.

However, both are prone to leakage and evisceration, do

not prevent abdominal wall retraction, and do not allow

effective removal of abdominal fluid [22, 77]. The rates of

primary closure vary depending on patient population and

range from 12 to 82%, primarily\30% (Table 2). The plastic

or Silastic material does allow expansion of viscera outside

the abdominal cavity, but it limits expansion to a fixed

Table 2 continued

Study Class N TAC method Days to close Primary closure rate Complication rate

Suliburk et al. [64] III 35 VAC 7.0 86.0% Mortality: 17%

ACS: NR

ECF: 6.9%

Miller et al. [65] II 53 VAC 9.5 88.0% Mortality: 22%

ACS: NR

ECF: 2.2%

Stone et al. [66] III 48 VAC \11.0 71.9% Mortality: 33.4%

ACS: NR

ECF: 6.2%

Miller et al. [67] III 344 VP/VAC 45.0 65.0% Mortality: 20%

ACS: NR

ECF: 11.6%

Oetting et al. [68] III 36 VAC 10.0 72.0% Mortality: 22%

ACS: NR

ECF: 11%

Cothren et al. [69] III 14 Modified VAC 7.5 100% Mortality: NR

ACS: NR

ECF: NR

Barker et al. [23] III 258 VP NR 68.0% Mortality: 26%

ACS: 1.2%

ECF: 5%

Perez et al. [70] II 37 VAC 23.0 35.0% Mortality: 45%

ACS: NR

ECF: 4.3%

Teixeira et al. [71] III 93 VAC/VP 3.9 85.0% Mortality: 14%

ACS: NR

ECF: 15%

Wondberg et al. [72] II 30 VAC 32.0 47.6% Mortality: 30%

ACS: NR

ECF: 7%

Ozguc et al. [73] III 74 VP NR 45.0% Mortality: 60%

ACS: NR

ECF: NR

Kritayakirana et al. [74] II 103 VAC ? WP NR 58.0% Mortality: 27%

ACS: NR

ECF: 14.5%

Acosta et al. [75] II 111 VAC with mesh 14.0 76.6% Intent-to-treat Mortality: 29.7%

89.0% Per protocol ACS: NR

ECF: 7.2%

ACS abdominal compartment syndrome, ECF enterocutaneous fistula, VP vacuum pack, NR not reported, DL definitive laparotomy, TAC
temporary abdominal closure, BB Bogota bag, Abs mesh absorbable (vicryl) mesh, VAC V.A.C. machine, WP Wittmann Patch
a Included only patients who survived Evac to PID8
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volume; and the subsequent incidence of ACS ranges from

2.3 to 33.0%, somewhat lower than those of the skin closure

methods (Table 2). Enterocutaneous fistula rates vary but are

generally low, ranging from 0 to 14.4% (Table 2).

Fascial closure techniques

The fascial closure techniques (FCTs) use an interposition

graft material sutured to the abdominal fascia. These

techniques can utilize absorbable materials such as Vicryl

or biological mesh, and nonabsorbable grafts such as the

Wittmann Patch, polypropylene (PPE) mesh, Esmark

bandages, and expanded polytetrafluoroethylene (ePTFE).

Initially, the graft material should be redundant so the TAC

is ‘‘loose,’’ thereby allowing visceral swelling and thus

preventing the development of ACS. As the visceral edema

resolves, the TAC is sequentially tightened by excising the

central portion of the graft and resuturing the material

closed to facilitate fascial approximation during reexplo-

ration [50, 52, 53, 75]. Alternatively, as in the case of the

Wittmann Patch, refastening and tightening the trademark

hook system achieves fascial approximation. Typically, the

mesh is sequentially tightened every 24–48 h until

the fascia is approximately 2–4 cm apart, at which point

the fascia is closed primarily [36, 57, 58].

These techniques provide a mechanism to limit or even

reverse the loss of domain that occurs in the OA from lack of

fascial tension. Because of this, FCTs should be considered

when the OA is unlikely to be closed within the first week [57,

65, 69]. FCTs have extended the time for primary closure

to [50 days by the use of progressive fascial tension [53].

FCT (specifically the Wittmann Patch) can facilitate reex-

ploration. However, these techniques are more costly and

require special equipment not readily available to all surgeons.

In addition, FCTs do not prevent adhesions of the viscera to

the anterior abdominal wall and therefore may limit the ability

to mobilize the abdominal wall for primary closure. FCTs also

require suturing to the abdominal fascia, which may increase

the risk of fascial trauma and necrosis, and future incisional

hernias may develop. Lastly, this technique does not provide a

means to evacuate peritoneal fluid, and abdominal wound

drainage may become an issue resulting in recurrent intraab-

dominal hypertension or maceration of the surrounding

wound edges.

The most significant drawbacks of FCTs in their early

use were the low rate of primary closure with absorbable

material and the high rate of fistulas with nonabsorbable

mesh. Early series using absorbable mesh reported low

rates of primary closure (18–38%), with moderate to high

fistula rates (7–26%) (Table 2). During this time period,

absorbable mesh was not used to approximate the fascial

edges serially but was designed to form a bed of granula-

tion tissue for future skin grafting and planned ventral

hernia. Use of nonabsorbable meshes subsequently

improved the primary closure rates, which ranged from 33

to 89%, but the fistula rates remained high (6–18%) [32].

Some series reported fistula formation in as many as 75%

of patients if a nonadherent barrier or omentum was not

placed over the bowel for protection [80].

The one FCT method that still enjoys popularity and

appears to result in overall good outcomes is the Wittmann

Patch (WP). This mesh utilizes a biologically compatible

artificial material that has hooks and eyes that adhere to

each other, similar to Velcro. This material can be sutured

to the fascial edges, either at the time of the first procedure

or at subsequent reexplorations if an extended duration of

OA is anticipated [54]. The rate of primary closure for the

WP ranges from 78 to 100%. The rate of complications

remains relatively low overall, and the fistula rate is

0–4.2% (average 2%) [81].

Negative-pressure applications

Negative-pressure applications (NPAs) originated with

Barker’s group in Chattanooga during the mid-1990s. They

coined the term ‘‘vacuum pack’’ (VP) in 1995 [82]. In the

initial study, a three-layered technique was used. The inner

layer that faced the viscera consisted of a fenestrated inert

sheet (IV bag or ISO 1010 Drape) covering the entire

viscera to the bilateral paracolic gutters to prevent adhe-

sions of viscera to the overlying peritoneum. The middle

layer was made of Kerlex, lap sponges, gauze, or blue

towels designed to provide the suction media for the NPA.

It is imperative the middle layer not contact the underlying

viscera, as it would increase the risk of fistula formation.

Drains were placed in this layer to apply the negative

pressure. The outer layer consisted of a bioocclusive

adhesive sheet (Ioban) that was secured laterally to the

flank skin and provided enough integrity to the abdominal

Fig. 1 Bogota/Silo technique using a radiographic cassette cover.

This version uses the cassette cover to extend underneath the fascia to

prevent adhesions to the anterior abdominal wall
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wall to allow turning and positioning the patient prone if

necessary. This three-layered vacuum pack was able to

maintain visceral containment, prevent desiccation, and

allow continuous evacuation of peritoneal fluids [60, 82].

The authors achieved primary fascial closure in 68% of

patients with a 5% incidence of fistula formation [23].

Several groups have reported success using similar systems

with primary fascial closure rates ranging from 35 to 92%

(usually [50%). Fistula rates ranged from 0 to 15%

(average 5.7%) [81].

The NPAs have been expanded to include two sub-

sequent versions from KCI: the V.A.C. Abdominal

Dressing System and ABThera System. Most data have

been derived from the Abdominal Dressing System, but the

ABThera uses the same technique with improved refine-

ments. The abdominal dressing consists of an inner plastic-

encased sponge designed to be in direct contact with the

viscera. The plastic interface protects the bowel, prevents

adhesion formation, and is perforated to allow passage of

fluids. The plastic encasement can be cut to cover the entire

fascial defect. Next, a macroporous GranuFoam ‘‘black’’

sponge is then applied over the inner layer and is in contact

with the fascia and subcutaneous tissue. Careful attention

should be taken to avoid direct contact with the skin. This

sponge can be held in place with skin staples to approxi-

mate the skin edges if desired. This layer is then covered

with an adhesive occlusive dressing; and a suction drainage

system is applied to the superficial foam layer for evacu-

ation of peritoneal fluid. The V.A.C. machine can be pro-

grammed for continuous or intermittent suction at various

pressures as desired by the physician. Alternatively, a

perforated plastic drape can be placed directly on the vis-

cera and the microporous ‘‘white’’ sponge placed on the

plastic followed by traditional macroporous GranuFoam; or

GranuFoam can be used for the entire dressing [64, 65, 69].

The newer ABThera system (Fig. 2) also has a visceral

protective layer designed to cover the entire abdominal

contents from pelvis to diaphragm to paracolic gutters,

thereby preventing adhesions to the visceral mass and

facilitating future abdominal wall mobilization. It has the

added advantage of inner sponge extensions that extend to

the ends of the plastic sheet to facilitate more effective

evacuation of peritoneal fluid. This protected sponge can

then be placed into the pelvis and deeply in the paracolic

gutters to limit pooling in these dependent areas of the

abdomen. Next, the GranuFoam, occlusive layer, and tub-

ing set are applied as previously stated [83].

These systems are designed to drain peritoneal effluent,

minimize visceral edema, facilitate abdominal wall mobi-

lization, and minimize the loss of domain. Some propo-

nents suggest that the VAC system applies more fascial

tension and prevents abdominal wall retraction better than

the SCT and the Barker VP systems, however there are few

data to support these claims [83]. Primary fascial closure

rates utilizing these systems range from 33 to 100%

(average 67%), similar to the vacuum pack. The fistula

rates remain low, at 0–15% (average 2.9%) [81].

Review of studies involving NPA suggests that the risk

of fistula is increased with intraabdominal sepsis and

anastomoses directly underneath the vacuum pack, partic-

ularly colonic or duodenal anastomoses. Fistula rates were

also increased by an increased duration of OA and in

patients in whom primary closure was not possible [71]. In

the NPA studies that found the highest primary fascial

closure rates ([80%), the wound V.A.C. or Vac Pac was

used in conjunction with some form of fascial tension

technique. Suliburk et al. [64] and Miller et al. [65] used

sequentially placed interrupted fascial sutures every 48 h in

addition to the V.A.C. to achieve primary closure of 86%.

Cothren and associates created abdominal wall tension

with horizontal mattress sutures through the fascia in

addition to the V.A.C. abdominal dressing. These sutures

were sequentially tightened or replaced during subsequent

operating room visits until primary fascial approximation

was achieved. Although a time-consuming process,

this technique achieved 100% fascial closure in 14 patients

[69].

Fig. 2 ABTheraTM System by V.A.C. � has an inner layer that

protects the abdominal viscera and facilitates evacuation of abdom-

inal fluid and edema. The second layer has a macroporous Granu-

Foam that serves as the medium for direct application of negative

pressure. The GranuFoam can be stapled to the skin to prevent the

skin edges from rolling under and becoming macerated or ischemic

from direct contact with the negative-pressure foam
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In many case series, an NPA is used following the first

procedure, and FCT is utilized at the time of the first

reexploration if closure is not anticipated in a timely

fashion [22]. This sequence minimizes rates of ACS during

the highest risk period of active resuscitation and assists in

evacuating large volumes of peritoneal fluid. The FCT then

improves the chances of primary closure by creating ten-

sion on the fascial edges during the subacute period.

There appear to be two groups of patients with OA. The

first group is relatively uncomplicated and can be closed

within 4–7 days. These patients generally have a high rate

of primary fascial closure and likely do well regardless of

the choice of TAC [23, 66, 67]. The second group, for

myriad reasons, have more complicated and prolonged

resuscitative efforts and hospital courses. The timing of

abdominal closure in this group tends to extend beyond

7 days, generally to 20–40 days [53, 55, 57, 58, 65, 67, 69].

The rates of primary closure are much lower in these

patients, and the type of TAC chosen may have a signifi-

cant impact on their ability to achieve primary facial clo-

sure. Several risk factors have been found that predict a

more prolonged or complicated course—and subsequently

a diminished rate of primary closure: prolonged duration of

OA; multisystem injuries, particularly colonic or duodenal;

and active infection [22, 67, 71].

A study of OA in trauma patients revealed that surgical

site and bloodstream infections resulted in a doubling of

time to closure, and all infections resulted in decreased

primary closure rates. In fact, simply having a white blood

cell count [20,000 cells/ml was associated with delays in

primary closure [84].

Several studies have also indicated that patients with

conservative fluid resuscitation (\20 l) and fewer transfu-

sions, or a net negative fluid balance, have improved rates

of primary closure [66, 67, 71, 84]. A study by Stone et al.

suggested that patients with OA and persistent tissue

hypoperfusion and an inability to clear elevated lactate

levels were also less likely to be closed primarily [66].

Management of patients with an open abdomen

The intensive care management of the OA is important to

the surgical success of primary fascial closure. The early

postoperative effort should be focused on correcting the

oxygen and energy debt, hypothermia, and coagulopathy

within the first 24 h [27]. Physicians should continue

resuscitation with 1:1 replacement of blood products until

the coagulation profile has corrected and bleeding has

ceased before resuscitation with a mixture of crystalloid

and colloid supplementation [85–87]. Historically, the

surgical community has advocated aggressive and liberal

crystalloid infusion to correct hemodynamic and metabolic

derangements. However, this can lead to volume overload

and increased risks of ACS, pulmonary edema, and acute

respiratory distress syndrome. Although no randomized

controlled trials of restrictive fluid administration and OA

have been attempted, judicious intravenous fluid resusci-

tation targeting dynamic hemodynamic parameters (stroke

volume variance or pulse pressure differential) versus static

parameters (central venous pressure or left atrial pressure)

may decrease the incidence of ACS and OA and increase

early closure rates [88]. Our own institution’s anecdotal

observation suggests that the current 1:1 blood product

replacement strategy has greatly decreased the incidence

and time requirement of the OA in the trauma patient

population. Additionally, recent studies have found an

association with restricted crystalloid fluid infusion (\20 l)

or net negative fluid balance and improved primary closure

rates [9, 89].

In patients with OA secondary to ACS or in those with

large-volume resuscitation due to hemodynamic instability

or prolonged bleeding, intraabdominal pressures should be

monitored routinely as IAH or ACS can occur or recur

[33, 34]. If bladder pressure exceeds 20 mmHg, the pres-

sure should be monitored hourly; and if any evidence of

organ dysfunction occurs, the TAC should be removed,

and/or replaced with a larger dressing. Consideration may

be given to extending the original incision as well [22].

Aside from resuscitation of the postsurgical OA, few

data are available to make any firm recommendations.

Questions remain regarding the need for neuromuscular

blockade with a neuromuscular blocking agent (NMBA)

and its timing and duration. Preliminary data suggest that

enteral feeding is not harmful and may even be beneficial

for an increased closure rate and decreased infection risk.

Few to no data are available regarding antibiotic use,

sedation level, pain management, use of diuretics, or ven-

tilator management strategies.

Neuromuscular blockade

The use of neuromuscular blockade was proposed for the

early treatment and management in IAH and ACS [33, 34].

De Laet et al. studied the effect of an NMBA in IAH pro-

spectively using cisatracurium. Neuromuscular blockade did

decrease intraabdominal pressure (IAP) (P \ 0.002), how-

ever, once the paralysis wore off, the IAP returned to baseline

levels. The study was not designed to determine long-term

outcomes or prevention of progression to ACS [90]. It is

possible to infer that continuous infusion of an NMBA may

be beneficial for temporarily improving abdominal wall

compliance and therefore facilitating primary fascial clo-

sure. A short course of an NMBA may decrease fascial edge

retraction and be a useful adjunct to negative pressure

devices and methods.
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The only study directly assessing the OA and neuro-

muscular blockade analyzed 192 OA trauma patients who

were divided into groups receiving a continuous infusion

of an NMBA for [24 h versus patients not receiving an

NMBA. The patients receiving the NMBA were more

likely (93% vs. 83% P \ 0.024) to have primary fascial

closure by 7 days with no increase in rates of ventilator-

associated pneumonia. In addition, multivariate regression

analysis revealed neuromuscular blockade to have an odds

ratio of 3.24 (P \ 0.026) in favor of fascial closure, but

there was no mention of the amount of perioperative fluid

resuscitation, the blood transfusion requirement, the TAC

technique, or the overall abdominal closure rate [91]. In

addition, a retrospective study of 93 trauma patients with

OA revealed that NMBA use was not a statistically sig-

nificant predictor of primary closure [71]. Aside from these

studies and anecdotal evidence, data are scarce regarding

the use of NMBAs. Neuromuscular blockade historically

has been considered relatively contraindicated in most

patients because of its associated risks of increased venti-

lator-associated pneumonia, peripheral nerve injury, skin

breakdown, and thromboembolic complications. Addi-

tionally, the use of NMBAs significantly increases the risks

of ICU neuromyopathy. This is particularly true in patients

who are receiving aminoglycosides or steroids, as is the

case in many trauma or general surgical patients with OA

who may have open fractures, gram-negative abdominal

sepsis, or adrenal insufficiency [92].

Many of these complications occur primarily with pro-

longed NMBA use ([24–48 h). It may be reasonable to

recommend a short course of continuous NMBA postop-

eratively while the patient is stabilized to facilitate primary

fascial closure early. The potential increase in primary

fascial closure rate with the associated decrease in OA

complications should outweigh the risk of long-term

NMBA sequela during its limited use. However, expert

opinion on the routine use of NMBA in the ICU manage-

ment of OA remains divided at this time.

Enteral feeding

The value of instituting early enteral feeding in the trauma

or postoperative surgical patient has clearly been validated

in numerous studies [93–95]. Patients with OA have tra-

ditionally been kept nil per os; however, Cheatham et al.

challenged this when his group revealed that the OA results

in significant protein loss (2 g/day) [96]. Subsequent work

by Cothren et al. verified that tube feeds did not increase

the risk of ACS in the recently closed OA [97]. Sufficient

data now exist to suggest that patients with an OA clearly

benefit from early enteral nutrition. Early feeds are asso-

ciated with increased primary fascial closure and decreased

intestinal fistula, infectious complications, ICU stays, and

hospital costs [98–100].

Enteral access should be attained early via a nasogastric

or nasojejunal feeding tube. Gastostrostomy or enteric

tubes should be used with caution owing to the risk of leaks

and fistulas as well as the potential compromise of future

closure options [101]. Percutaneous enteral access is still

possible in most patients once formal closure is attained

[102].

Antibiotic use

There is evidence to support increasing or redosing pro-

phylactic antibiotics intraoperatively if large-volume

resuscitation is ongoing as significant fluid shifting may

result in dilution of tissue and serum antibiotic concentra-

tions [103–106]. There are no data to support continuation

of antibiotic prophylaxis beyond 24 h in the case of trauma

OA. Additionally, a study of OA in trauma patients found

no correlation between the antibiotic type or its duration

and primary closure rates [71]. If OA is utilized for

abdominal sepsis, antibiotic coverage should initially be

broad to cover the wide range of skin and bowel flora, and

then tapered according to intraoperative culture results.

Antibiotic duration should be determined by the length of

treatment appropriate for the primary abdominal pathology

(e.g., diverticulitis, pancreatitis, abscess) and discontinued

when clinical signs of infection resolve. If no clinical

evidence of infection is present and cultures show no

growth, antibiotics should be discontinued [22].

Sedation/analgesia

There are no studies regarding optimal pain control or

sedation in the patient with OA, but expert opinion sug-

gests deep sedation may be of some benefit [22]. Epidural

anesthesia has been shown to reduce intraabdominal pres-

sures in ACS/IAH, but its application in the OA is

unknown [107]. It is intuitive that deep sedation would

decrease the force of abdominal wall retraction similar to

or in conjunction with neuromuscular blockade.

Conclusions

The indications for the use of the open abdomen have

expanded over the last two decades. Data in the form of

prospective case series have shown decreased mortality

and morbidity for trauma patients, those undergoing acute

care surgery, and those with ACS. The OA should be used

early in the management of these patients to gain the most

benefit and prevent subsequent multiorgan failure.
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Surgeons have various commercial and noncommercial

options for managing the OA. The wound Vac and Vac Pac

have clear advantages early, including quick application,

evacuation of abdominal fluid, minimal risk of IAH, low

fistula rates, and good early closure rates. Once the OA

enters a ‘‘chronic stage’’ at around days 7–10, wound

closure devices, such as the Wittmann Patch, which applies

constant tension on the fascial edge, reduce loss of domain

and are associated with the highest rates of delayed primary

fascial closure. The highest closure rates are achieved

during the first 7–10 days. Therefore, every attempt should

be made to achieve closure within this window.

Immediate postoperative management should be directed

at resuscitation and correction of coagulopathy and oxygen

debt. The subsequent focus should be on measures aimed at

early closure. Neuromuscular blockade for the first 24–48 h

seems to have some role in facilitating early closure. Early

enteral nutrition within the first 48–72 h has clear benefit in

decreasing the negative nitrogen balance, decreasing bowel

edema, and achieving primary fascial closure. Future studies

must address limiting crystalloid usage during the initial

operation/trauma resuscitation, the role and timing of diuresis,

appropriate sedation level, optimal ventilator management,

antibiotic usage, and the possible benefit of early continuous

venovenous hemodialysis.
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