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amage-control surgery (DCS) is a strategy adopted to limit initial operative interventions in the unstable surgical patient, delaying definitive
repairs and abdominal wall closure until physiologic parameters have improved. Although this concept of “physiology over anatomy” was ini-
tially described in the management of severely injured trauma patients, the approaches of DCS have become common in the management of
nontraumatic intra-abdominal emergencies. While the utilization of damage-control methods in emergency general surgery (EGS) is controver-
sial, numerous studies have demonstrated improved outcomes, making DCS an essential technique for all acute care surgeons. Following a brief
history of DCS and its indications in the EGS patient, the phases of DCS will be discussed including an in-depth review of preoperative resus-
citation, techniques for intra-abdominal source control, temporary abdominal closure, intensive care unit (ICU) management of the open abdo-
men, and strategies to improve abdominal wall closure. (J Trauma Acute Care Surg. 2023;95: 770–779. Copyright © 2023 Wolters Kluwer
Health, Inc. All rights reserved.)
A lthough damage-control methods have been utilized by sur-
geons for over a century, it was not until the 1980s when

damage-control surgery (DCS) began to take shape. In the set-
ting of intraoperative coagulopathy, Stone et al. demonstrated
the benefit of a shortened laparotomy that only addressed
life-threatening hemorrhage, delaying complete surgical repair
and abdominal closure.1 This methodology emphasized a “phys-
iology over anatomy” approach centered on preventing exsan-
guination while maximizing resuscitation and reversal of physi-
ologic derangement.2

Damage-control strategies soon proliferated in trauma cen-
ters nationwide in response to increased injury severity and fur-
ther comprehension of the lethal triad. At this time, hypothermia,
acidosis, and coagulopathy became the key indications for DCS.3

In the early 1990s, Rotondo et al. officially coined the phrase
“damage-control surgery” and established the contemporary
stages.3 Following the success of damage-control techniques in
the management of trauma, DCS soon transitioned to emergency
general surgery where it remains an essential technique today.4

While the tenets of DCS are readily transferable to
nontraumatic pathology, the overall outcomes in the two popula-
tions are distinct. The use of DCS in the management of
intra-abdominal sepsis (IAS) has been shown to result in reduced
rates of primary fascial closure (PFC), increased intra-abdominal
complications, and a higher 90-daymortality rate when compared
to its utilization following traumatic injury.5 As such, knowing when
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and how to implement damage control methods in the EGS pa-
tient is of the utmost importance and is the topic of this review.

Various nomenclature is used in the description of DCS.
For the purposes of this review, the terms open abdomen (OA),
temporary abdominal closure (TAC), second-look laparotomy,
and delayed fascial closure are all considered methods of dam-
age control.
INDICATIONS FOR DAMAGE CONTROL
TECHNIQUES IN EMERGENCY GENERAL

SURGERY

The decision to perform a damage control procedure in
nontraumatic abdominal crises is complex and continuously evolv-
ing. In general, DCS should be considered in patients with pro-
found physiologic derangement, select cases of intra-abdominal
sepsis, in those with intestinal ischemia who require a “second
look” to evaluate intestinal viability, and in circumstances in which
profound bowel distention prevents fascial closure (Table 1).
PHYSIOLOGIC DERANGEMENT

As DCS was created to address profound physiologic de-
rangement seen in the traumatically injured, the use of the lethal
triad as an indication for damage control in nontraumatic
intra-abdominal pathology is intuitive. Although intra-abdominal
septic and hemorrhagic shock have distinct pathophysiology, the
presence of acidosis, hypothermia, and coagulopathy remain
markers of decompensated shock, regardless of inciting etiology.
Significant shock indicators (temperature, <34°C; pH, < 7.2; lactic
acid, >5; base deficit, >15; and coagulopathy) define patients who
are unlikely to tolerate a definitive operation who should be man-
aged with damage-control techniques. In addition, severe hemody-
namic derangement including systolic blood pressure <90 mmHg,
operational blood loss >4 L, increasing vasopressor/inotropic re-
quirements, and the use of >10 units of blood product or 12 liters
J Trauma Acute Care Surg
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TABLE 1. Indications for DCS in Nontraumatic Abdominal Pathology

(1) Physiologic Derangement Evidence of Persistent Acidosis, Hypothermia, or Coagulopathy Despite Adequate Resuscitation and Source Control
(Lethal Triad):
▪ pH < 7.2, Base Deficit >15, Lactic Acid >5
▪ TEG, PT/INR > 2, Intraoperative Visualization of Nonsurgical Bleeding
▪ Temperature < 34° C

Evidence of Persistent Hemodynamic Instability Despite Adequate Resuscitation and Source Control:
▪ Systolic Pressure <90 mm hg
▪ Operational Blood Loss >4 L
▪ Utilization of >10 Units of Blood Product OR > 12 L of Crystalloid
▪ Increasing Vasopressor or Inotropic Requirements

(2) Intra-Abdominal Sepsis The routine use of an OA for IAS should be avoided.
Specific indications in which DCS should be considered:
▪ Inability to obtain complete source control or high suspicion for recurrent/persistent intra-abdominal infection despite
presumed source control
▪ Inability to safely perform GI tract reconstruction
▪ Significant uncertainty regarding intestinal viability

(3) Intestinal Ischemia The routine use of a “second look” laparotomy in the management of intestinal ischemia is generally recommended,
particularly in the following situations:
▪ Physiologic derangement
▪ Findings of IAS from perforated viscous or necrotic intestine
▪ Significant uncertainty regarding intestinal viability

(4) Profound Bowel Distention & Abdominal
Compartment Syndrome (ACS)

Regardless of etiology, diffuse bowel distention may require an OA approach due to:
▪ Physical inability to reapproximate the midline fascia
▪ Development of ACS symptoms (ex. new or worsening hypotension, increased peak airway pressures)
▪ Significant concern for eventual ACS development in the postoperative setting if primary fascial closure performed

J Trauma Acute Care Surg
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of crystalloid can also be used as indications for a damage-control
procedure.6

Although preoperative findings of decompensated shock
can be used to identify DCS candidates, the intraoperative trend
in shock indicators (ex. base deficit, pH, urine output, etc.)
should guide decision making. Persistent acidosis, hypotension,
hypothermia, and/or coagulopathy despite adequate resuscitation
and source control all indicate the need for damage-control tech-
niques. By contrast, those with improving physiology may bene-
fit from definitive surgical repair and abdominal closure during
the index operation.

INTRA-ABDOMINAL SEPSIS

Outside of overt physiologic derangement, the indications
for DCS become less defined. While the application of DCS has
been demonstrated in awide variety of nontraumatic pathologies
(ex. abdominal compartment syndrome, ruptured abdominal
aortic aneurysm, necrotizing pancreatitis, and abdominal wall
necrotizing soft tissue infections), the use of damage-control
methods in intra-abdominal sepsis has generated significant de-
bate.7 Driven by inflammation or perforation of the gastrointes-
tinal (GI) tract, severe IAS can result in diffuse peritonitis, septic
shock, and multisystem organ failure.8

Surgical strategies for severe IAS have historically
consisted of three approaches: on-demand relaparotomy, planned
relaparotomy, and an OA with reexploration. On-demand
relaparotomy is a single-stage approach in which definitive surgi-
cal repair and closure occurs during the index operation. A sec-
ond, “on-demand” laparotomy is only performed if clinically
mandated. By contrast, in the planned relaparotomy approach,
the abdominal wall is still closed during the index operation,
but patients return to the operating room in 24 hours to 72 hours
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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regardless of clinical status. Subsequent takebacks are performed
until the abdomen is clinically negative for ongoing signs of
infection.

Proponents for this approach cite the high risk of failed
source control in which the incomplete removal of the
intra-abdominal infection (IAI) predisposes patients to ongoing
clinical deterioration. It is well known that even with adequate
source control during initial exploration, patients with diffuse
contamination often suffer from recurrent or persistent disease.9

A planned relaparotomy theoretically allows for quicker identifi-
cation of residual infection and for expeditious intervention.10

However, studies have noted that up to 66% of planned
relaparotomies are negative for additional intra-abdominal septic
findings.11 As such, an on-demand relaparotomy strategy may
prevent unnecessary surgical interventions. The shortcomings
of the on-demand approach arise when providers fail to identify
patients with persistent IAI or subtle clinical deterioration who
require relaparotomy. Unfortunately, it has been demonstrated
that the specific etiology of IAS as well as the operative findings
during the index case do not predict patients who ultimately will
require an additional intervention.12

Given the reasonable benefits from both strategies, studies
have attempted to identify whether a planned or on-demand
relaparotomy approach provides a survival benefit. In a land-
mark randomized control trial of patients with severe peritonitis,
no significant difference inmortality at 12monthswas found be-
tween the groups. However, both hospital length of stay (LOS)
and cost were statistically lower in the on-demand relaparotomy
arm.11 These results align with multiple other studies that have
all demonstrated improved or equivalent outcomes with de-
creased cost using an on-demand approach to reoperation.13,14

As a result, the planned relaparotomy approach to IAS has
largely been abandoned.
771
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The final surgical approach to IAS is the OA with
reexploration. Although similar to a planned relaparotomy ap-
proach in that a second operation always occurs, the abdominal
wall is not closed during the index case and a temporary abdom-
inal closure is applied. For patients with profound physiologic
derangement, the concept of an OAwith reexploration is identi-
cal to traditional DCS in which an abbreviated laparotomy is
performed due to the patient’s inability to tolerate a definitive
operation. However, for IAS, this methodology has also been
implemented in the absence of decompensated shock. In addi-
tion to allowing for reassessment of the peritoneal cavity and
additional source control if needed, randomized control trials
evaluating an OA approach to Hinchey type III/IV perforated
diverticulitis have demonstrated a reduced risk of anastomotic
leak and a decreased requirement for intestinal diversion when
a two-stage approach is utilized.15,16

Although studies have demonstrated increased mortality
and all-cause complication rates in patients managed with an
OA approach, questions remain about the true role of damage-
control techniques for IAS.17,18 The Closed or Open after
Source Control Laparotomy for Severe Complicated Intra-
Abdominal Sepsis (COOL trial) is a large, randomized control
trial seeking to elucidate whether an on-demand relaparotomy
(closed) or an OAwith reexploration (open) ultimately provides
better outcomes for patients with IAS.8,19

Given the current state of the evidence, an on-demand
relaparotomy approach should be used in the management of
most cases of severe IAS (Table 2). The routine use of anOAwith
reexploration should be used with caution. However, specific in-
dications remain for the use of damage control methods. Outside
of physiologic derangement, the inability to perform definitive
reconstruction (often due to concern for anastomosis integrity),
the need to reevaluate questionably viable viscera, the inability
to achieve complete source control (ex. inability to identify perfo-
rated hollow viscous despite large enteric contamination, necro-
tizing infections), or a high clinical suspicion for persistent
intra-abdominal infection despite presumed source control can
all direct surgeons towards a damage control procedure.

ACUTE MESENTERIC ISCHEMIA

The concept of a “second look” laparotomy has histori-
cally been used in the management of acute mesenteric ischemia.
This approach optimizes intestinal length by sparing resection of
questionably viable bowel at the index operation that demon-
strates improved perfusion during relaparotomy. Likewise, bowel
that remains borderline ischemic or has become necrotic can be
excised, removing additional sources of contamination. Histori-
cally, up to 50% of patients require additional intestinal resection
at relaparotomy.20However, studies examining this two-step ther-
apy have revealed mixed survival benefits.21–23

Given the discrepancies in previous studies and the vari-
ous etiologies of intestinal ischemia (arterial occlusion, mesen-
teric venous thrombosis, nonocclusive mesenteric ischemia)
the use of DCS is appropriate in most cases. In addition to physi-
ologic derangement, the concomitant presence of intra-abdominal
sepsis and the significant uncertainly regarding the viability of
the remaining intestine both indicate the need for an OA and
planned reexploration.20
772
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PROFOUND BOWEL DISTENTION AND
ABDOMINAL COMPARTMENT SYNDROME (ACS)

Regardless of etiology, the presence of profound bowel
distention may limit the ability to perform a primary fascial clo-
sure during the index operation. This can be due to either a phys-
ical inability to reapproximate the midline or to the development
of abdominal compartment syndrome (ACS) during abdominal
wall closure.24

Even in circumstances in which the fascia can be closed,
surgeons can elect to leave the abdomen open if there remains
significant concern that ACS may develop in the postoperative
setting. An awareness of patients who have received or are likely
to receive significant volume resuscitation is crucial as excessive
fluid therapy is a risk factor for secondary ACS.25

THE PHASES OF DCS

The treatment algorithm for DCS in nontraumatic pathol-
ogy follows a stepwise approach (Fig. 1). Although often initi-
ated prior to the decision to perform a damage-control interven-
tion, preoperative resuscitation is considered a crucial part of the
DCS pathway and is often referred to as phase 0. The index op-
eration, phase 1, includes an abbreviated laparotomy centered on
expeditious contamination/hemorrhage control, followed by
temporary abdominal closure. Phase 2 consists of ongoing re-
suscitation and management of the OA in the ICU. Once physi-
ologic parameters have been restored, patients return to the oper-
ating room for definitive surgical repair/reconstruction (Phase 3)
followed by abdominal wall closure (Phase 4).

PHASE 0: PREOPERATIVE RESUSCITATION

Preoperative resuscitation is determined by etiology.
Patients with hemorrhagic shock are resuscitated using strate-
gies developed for the bleeding trauma patient. This includes
balanced blood product resuscitation and minimization of
crystalloids until bleeding is controlled.26 When available,
massive transfusion protocols should be initiated and blood
products transfused in a 1:1:1 ratio of packed red blood cells,
plasma, and platelets.27 While trauma centers have shifted to
the use of low titer type-O whole blood, studies have only just
begun to evaluate the benefits of using this product in non-
traumatic hemorrhage.28 Thromboelastography (TEG) should
be used to guide resuscitation. Ultimately, hemorrhage con-
trol is of the utmost importance, and preoperative resuscita-
tion should last only as long as it takes to transport the patient
to the operating room.

The resuscitation strategy for intra-abdominal sepsis dif-
fers. Although early control of the infectious source is imperative,
preoperative resuscitation enhances outcomes.4 Hypovolemia and
vasoplegic shock characterize the hemodynamic profile of IAS.
In general, crystalloid resuscitation is the first line therapy. The
use of balanced salt solutions (ex. Lactated ringers, Plasmalyte)
over normal saline is recommended as numerous studies have
demonstrated a survival benefit.29 Despite initial enthusiasm,
the use of colloids, such as albumin, has not been found to im-
prove survival in septic shock.30 Likewise, uncertainty persists
surrounding the role of plasma in sepsis resuscitation.31
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Comparison of an OA Versus on-Demand Relaparotomy Approach for Severe Intra-Abdominal Sepsis

OAvs. on-Demand Relaparotomy for Severe Intra-Abdominal Sepsis

OA On-Demand Relaparotomy

Description ▪ OA approach with negative pressure temporary abdominal closure
during index operation

▪ Planned reexploration in 24–48 hours regardless of clinical condition

▪ Definitive surgical repair/reconstruction with abdominal closure
during index operation

▪ Additional relaparotomy only if clinically indicated

Benefits ▪ Allows for early detection of persistent or recurrent intra-abdominal infection
▪ Removal of peritoneal fluid containing inflammatory mediators; may reduce
local and systemic inflammatory burden and reduce risk of multi-organ failure

▪ Potential decreased need for intestinal diversion and decreased risk
of anastomotic leak

▪ Improved or equivalent survival benefit
▪ Avoids unnecessary surgical interventions
▪ Avoids morbidity of the OA, the key source of complications in DCS
▪ Reduced hospital length of stay
▪ Reduced cost

Negatives ▪ Increased mortality
▪ Risk of unnecessary interventions
▪ Complications arising from an OA (ex. enterocutaneous fistula,
fluid/heat loss, catabolic state, fascial retraction, and loss of domain)

▪ No reevaluation of the abdominal cavity to assess for additional
infectious foci

▪ Requires consistent observation for clinical deterioration and a high
clinical suspicion to identify patients who require additional
surgical infection control

▪ Increased need for intestinal diversion and increased risk of
anastomotic leak

Indications ▪ Severe physiologic derangement
▪ Inability to safely perform GI tract reconstruction (deferred anastomosis)
▪ Need to reassess questionably viable intestine
▪ Inability to obtain complete source control or high suspicion
for persistent infection

▪ Should be utilized in all situations of severe IAS unless specific
clinical indications for an OA are present

J Trauma Acute Care Surg
Volume 95, Number 5 Risinger and Smith
After preload optimization, patients with severe IAS often
require vasopressor and/or inotropic support to maintain mean
arterial pressure (MAP). The 2021 Surviving Sepsis and Septic
Shock Guidelines recommend norepinephrine as the first line
agent, with vasopressin and epinephrine serving as adjuncts to
Figure 1. Treatment algorithm for DCS in nontraumatic intra-abdom

© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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achieveMAP levels greater than 65mmHg.32 Early administration
of broad-spectrum antibiotics covering intestinal pathogens is par-
amount. While empiric anti-fungal coverage can be considered in
cases of foregut perforation, multiple studies have failed to
demonstrate a survival benefit or a decrease in intra-abdominal
inal emergencies.
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Figure 2. Negative pressure temporary abdominal closure using
common operating room supplies.

Risinger and Smith
J Trauma Acute Care Surg

Volume 95, Number 5
complications.33,34 Local hospital antibiograms should be refer-
enced when selecting antibiotic regimens.

PHASE 1: SOURCE CONTROL DURING THE
ABBREVIATED LAPAROTOMY

Regardless of the indication, the goal of the abbreviated
laparotomy is to control enteric contamination and hemorrhage
as quickly as possible. The means by which this is achieved will
vary significantly based on the inciting etiology. Although the
emergency general surgeon encounters a wide range of patho-
logic conditions, the remainder of this section will focus on the
topic of source control for IAS.

Source control refers to interventions aimed at removing
the nidus of infection (often a disruption or perforation along
the GI tract) along with any additional infectious foci present
within the abdominal cavity.35 While antibiotics and percutane-
ous image-guided drainage are important adjuncts in the man-
agement of IAS, operative intervention remains the mainstay
of treatment for severe disease.36 Resection of diseased seg-
ments along the GI tract is the ideal measure for source control.
Although less effective, primary repair can be used to temporar-
ily control enteric contamination in patients with severe inflam-
mation or adhesions in which a time-consuming dissection may
not be tolerated. Additional pockets of infection and gross con-
tamination throughout the peritoneal cavity must be addressed.
This can involve drainage of infected fluid collections, debride-
ment of necrotic or ischemic tissue, and irrigation of the perito-
neal cavity with saline.37 The removal of all foci of infection re-
duces bacterial load thereby reducing the chance for recurrent or
persistent infection to develop postoperatively.35 Extensive wide
drainage with suction drains should be used to control ongoing
enteric contamination. To avoid interference with the temporary
abdominal closure, drains should be extracted as lateral as possi-
ble. In the damage control setting, no attempts at restoration of
the GI tract, placement of enteral access, or maturation of osto-
mies should be performed.

Early source control leads to improved outcomes. In an
observational study of patients with secondary peritonitis, an ur-
gent procedure, between 2 hours and 6 hours of diagnosis, was
associated with improved survival.38 In addition, a retrospective
review of patients with severe IAS secondary to peptic ulcer per-
foration demonstrated a 6% increase in mortality for each hour
of delay to source control.39 Taken together, patients with IAS
should be taken to the operating room as soon as possible.

Cemented in the debate of planned versus on-demand
relaparotomy described above is the concept of failed source
control. Although definitions vary, failed source control or treat-
ment failure is often defined by the need for additional proce-
dures to manage new or persistent IAI. Despite the broad defini-
tion, multiple studies have determined that failed source control
is a key risk factor for mortality in patients with IAS.38 This is
particularly concerning as a recent retrospective study demon-
strated that up to 50% of patients with IAI ultimately required
an additional procedure (operative or percutaneous drainage),
even though most providers believed adequate source control
was obtained during the initial intervention.40 Although thorough
exploration, lavage of the peritoneal cavity, and wide drainage can
reduce the risk of failed source control, providers must appreciate
774
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the complexity of IAS and the high risk for persistent disease re-
gardless of whether damage-control methods are utilized.

PHASE 1: TEMPORARY ABDOMINAL CLOSURE

Inherent to all damage-control procedures is the concept
of the OA in which surgeons forgo abdominal wall closure dur-
ing the index operation.41 In addition to exposing the underlying
viscera, an OA results in excessive fluid and heat loss, both of
which are detrimental to the critically ill surgical patient. The
temporary abdominal closure is performed to address these
concerns. Although multiple techniques for TAC exist, nega-
tive pressure therapy (NPT) or vacuum-assisted closure (VAC)
is recommended for damage-control procedures.42

Negative pressure therapy offers a variety of advantages.
The efflux of peritoneal fluid through the fenestrated layers
and out via the drains allows for continuous monitoring of the
net volume and type of fluid being evacuated. In addition, the
ongoing removal of inflammatory ascites has been shown to re-
duce end-organ injury in animal models.43,44 Placement is rela-
tively quick and simple, making them ideal for abbreviated laparot-
omies. Perhaps most important, NPT closures have been shown to
promote increased rates of primary fascial closure.45 Despite initial
concern over NPTand enterocutaneous fistula (ECF) development,
numerous studies have demonstrated a decreased incidence of ECF
when NPT abdominal closure is performed.46

NPT temporary abdominal closure can be performed
using standard operating room supplies or with commercial
products including the ABThera system. Originally described
by Barker et al. as the “vacuum pack,” a “home-made”NPT clo-
sure consists of a nonadhesive fenestrated sheet placed between
the abdominal viscera and the parietal peritoneum, providing
protection of the underlying viscera, and reducing early adhe-
sion formation to the anterior abdominal wall. Moist surgical
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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towels and a conduit for fluid removal (ex. drain tubing or
thoracostomy tubes) make up the middle layer. Finally, a large
adhesive dressing covers the entire OAwith significant overlap
circumferentially creating a tight seal. The drains are then at-
tached to wall suction to generate the negative pressure or vac-
uum10,47(Fig. 2).

In commercially available systems, a polyurethane foam-
based middle layer is used that consists of multiple finger-like
extensions that can be placed deeper into the abdomen including
the paracolic gutters. This may allow for improved fluid removal
and applied negative pressure. Whether such products provide
additional benefit has been the topic of multiple studies. In a
prospective observational study, patients managed with the
ABThera system had improved 30-day primary fascial closure
rates and decreased mortality.48 Likewise, a single-center ran-
domized control trial comparing the two methods demonstrated
reduced 90-day mortality in the ABThera treatment arm but no
difference in PFC rates. The peritoneal fluid/plasma cytokine
levels were similar between the two groups suggesting no differ-
ence in decreased overall inflammatory mediator burden.43

Despite these findings, significant variation exists in how
individual surgeons create “home-made” negative pressure clo-
sures. As such, either method is appropriate in the management
of the OA.24 Simplified TAC such as a skin only closure or the
Bogota bag (plastic visceral covering only) should be avoided.49

PHASE 2: ICU MANAGEMENT OF THE OA

The ICU management of patients undergoing DCS is
challenging and involves ongoing resuscitation, close observa-
tion to identify treatment failure in patients with IAS, and man-
agement of the OA. In the setting of severe physiologic derange-
ment, the first step in management should be aimed at vigorous
reversal of the lethal triad. While intravascular volume repletion
optimizes preload and cardiac output, intravenous fluids must be
given judiciously due to the negative outcomes associated with
hypervolemia in patients suffering septic shock.50 Endpoints of
resuscitation including lactic acid, base deficit, and urine output
can guide resuscitation. In addition, dynamic measurements of
fluid responsiveness including pulse pressure or stroke volume
variation can be analyzed using arterial waveforms in mechani-
cally ventilated patients.51

Given the high incidence of treatment failure in IAS and
the challenges in identifying which patients are at risk of failed
source control based on initial intraoperative findings, clinicians
must have a high index of suspicion for ongoing infectious pro-
cesses in the postoperative setting. Early postoperative findings
of physiologic decompensation including elevated heart rate and
worsening PaO2/FIO2 ratios may help identify those with persistent
infection.12 Although studies evaluating specific organ-failure
scoring systems (e.g., SOFA, APACHE) as predictors for ongo-
ing infection have yielded mixed results, ongoing organ dys-
function can be used as a marker of treatment failure.37,52,53

Treatment failure is managed with relaparotomy in unstable pa-
tients and those with an OA. For IAS treated without DCS
methods, percutaneous image-guided drainage can be consid-
ered in the stable patient with suspected failed source control.

Patients managed with NPT closures remain susceptible to
ACS even though the abdomen is theoretically decompressed.
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Continuous surveillance of bladder pressure (surrogate for
intra-abdominal pressure [IAP]) can be utilized to help in the early
detection of intra-abdominal hypertension.24 Intra-abdominal
pressure greater than 16 mm Hg to 20 mm Hg or clinical deterio-
ration should prompt an evaluation of the TAC to ensure tubing is
not kinked, collection chambers are not full, and the source of suc-
tion is functioning properly. The TAC can be taken down at bed-
side to decompress the abdominal cavity quickly when needed.

Historically, patients with an OA remained intubated,
heavily sedated, and frequently paralyzed until definitive fascial
closure was obtained, even if multiple reoperations were
needed.54 However, it is now firmly established that stable pa-
tients can safely be extubated. In a retrospective study, patients
extubated before fascial closure had similar reintubation rates
but decreased LOS and decreased risk of pneumonia when com-
pared to those extubated after abdominal wall closure.55 Like-
wise, limiting sedation and avoiding paralytics is recommended.
Results from the SLEEP-TRAUMA study evaluating sedation
management in DCS demonstrated that a shorter duration of se-
dation exposure not only reduced incidence of ICU delirium but
also hastened fascial closure.56 Formerly believed to prevent
evisceration and promote fascial closure, neuromuscular block-
ade should only be pursued in patients who require paralysis
for other indications. In a retrospective review of trauma patients
undergoing DCS, paralytic utilization was not associated with
decreased time to abdominal closure.57

In addition to the hypermetabolic state commonly seen in
critically ill patients, the presence of the OA results in the loss of
electrolyte- and protein-rich fluid, placing patients with an OA at
risk for malnutrition.58 Apart from patients with hemodynamic
instability or GI tract discontinuity, OA patients are candidates
for early enteral nutrition (EN) for which numerous studies have
demonstrated beneficial effects.24 In a multicenter study of in-
jured patients, early EN resulted in decreased mortality, de-
creased infectious complications, and increased rates of abdom-
inal wall closure.59 A similar retrospective review noted that EN
started before hospital day four was associated with earlier ab-
dominal wall closure and lower rates of ECF development.60

In the acute setting, enteral nutrition can be delivered via a
postpyloric nasogastric feeding tube. Extubated patients can be
fed per oral. In patients with ongoing GI tract discontinuity,
high-output ECF, or an inability to tolerate EN, total parenteral
nutrition (TPN) may be required to meet nutritional demands.61

PHASE 3: DEFINITIVE SURGICAL REPAIR

Although the definitive surgical repair and reconstruction
are key steps in the DCS pathway, the surgical techniques re-
quired vary significantly based on inciting pathology and the op-
eration performed during the index intervention. However, all
surgeons must determine when to return to the operating room
for definitive repair. In the early days of DCS, it was not uncom-
mon for relaparotomy to be delayed for up to 48 hours to
72 hours. However, current guidelines recommend returning to
the operating room as soon as possible, often once central hemo-
dynamics and physiologic indices normalize. Ideally, this should
occur within the first 24 hours of hospitalization. However, in
cases of a second look in mesenteric ischemia or IAS, it is rea-
sonable to delay the second exploration to 48 hours.20 Efforts
775
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TABLE 3. Complications of DCS and the OA

Description Prevention

(1) Fluid and heat loss ▪ Evaporative heat and fluid loss from exposed viscera
▪ Can result in hypothermia, hypovolemia, and electrolyte imbalances

▪ TAC
▪ Account for fluid loss when determining daily

fluid requirements
▪ Electrolyte replacement

(2) Damage to underlying
abdominal viscera

▪ Lack of fascial covering places abdominal viscera at risk of injury,
particularly during subsequent relaparotomies and
dressing changes to the OA

▪ Temporary abdominal closure
▪ Early fascial closure
▪ Caution during reexploration, TAC takedown,

and wound care

(3) Malnutrition ▪ Catabolic state from underlying critical illness
▪ Loss of protein-rich fluid from the peritoneal cavity

▪ Early EN
▪ TPN in setting of GI tract discontinuity

or EN intolerance

(4) Increased infectious
complications

▪ Increased incidence of intra-abdominal and abdominal wound infections
▪ Increased incidence of sepsis and pulmonary complications

▪ Early fascial closure

(5) Fascial retraction,
loss of abdominal domain

▪ Lateral retraction of the midline fascia resulting in loss of abdominal domain
▪ Risk of chronic OA or large ventral hernia defects resulting in poor quality

of life and need for complex operative reconstruction

▪ Early fascial closure
▪ Negative pressure TAC
▪ Fascial traction systems

(6) Enterocutaneous fistula ▪ Fistulous connection between the exposed viscera and the skin
▪ Results in increased mortality, infectious complications,

malnutrition, and poor quality of life

▪ Early fascial closure
▪ Negative pressure TAC
▪ Early enteral nutrition
▪ Caution during reexploration, TAC takedown,

and wound care to avoid intestinal injury
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should be made to perform all definitive repairs during the first
relaparotomy, as additional takebacks are associated with in-
creased all-cause infectious complications and a decreased like-
lihood of abdominal wall closure, the last phase of DCS.62–64

PHASE 4: ABDOMINAL WALL CLOSURE AND
COMPLICATIONS OF THE OA

A review of abdominal wall closure would be incomplete
without a discussion about the complications of DCS, the major-
ity of which are related to the presence of an OA and the inability
to close it (Table 3). Aside from the complications of fluid/heat
loss, malnutrition, and risk of injury to exposed viscera, patients
with an OA have an increased risk of multiple infectious compli-
cations (ex. intra-abdominal infections, abdominal wound infec-
tions, pneumonia, and ongoing sepsis). The lateral retraction of
the midline fascia and resulting loss of domain places patients at
risk of failed fascial closure and the subsequent challenges asso-
ciated with a chronic OA. Enterocutaneous fistula is perhaps the
most feared complication stemming fromDCS and is defined by
an abnormal connection between the intestinal lumen and skin.
In patients with a chronic OA, a fistulous connection may
emerge onto the mesh or inflammatory tissue (functional clo-
sures) overlying the exposed viscera. In this instance, the term
enteroatmospheric fistula is used.65 Although severity depends
on location and daily output, ECF results in long-term infectious
complications, malnutrition, poor quality of life, chronic pain,
and overall increased mortality.66

Given the significant morbidity associated with the OA,
efforts should be made to close the abdominal wall as early as
possible, ideally via primary fascial closure. Achieving PFC at
the first relaparotomy is associated with the decreased incidence
of severe complications including intra-abdominal abscess for-
mation, anastomotic leak, pneumonia, bacteremia, acute respira-
tory distress syndrome, ECF development, and multiorgan
776

Copyright © 2023 Wolters Kluwer H
failure.67 In addition to the short-term benefits, early abdominal
wall closure (within 7 days) is associated with improved
long-term quality of life including higher rates of returning to
work and improved physical/emotional health.68

Consequently, strategies to improve early PFC have been
pursued. In a prospective, multicenter study, reducing the inter-
val between the index laparotomy and initial takeback improved
PFC rates, with each hour delay reducing the likelihood of
success.69 Likewise, in a retrospective review, returning to
the operating room within 24 hours and minimizing the total
number of reoperations predicted successful PFC in both
trauma and EGS patient populations.62

In addition to negative pressure TAC, fascial traction sys-
tems offer another surgical option to increase rates of PFC.49 Al-
though not utilized in the unstable patient during the abbreviated
laparotomy, these methods are often required when the OA can-
not be closed at the initial relaparotomy. These techniques coun-
teract the lateral retraction of the fascia and are adjusted or
“tightened” over time to slowly reapproximate the midline.
Mesh-mediated fascial traction (MMFT) involves the circumfer-
ential anchoring of a polypropylene mesh that is often cut down
the middle to create two leaflets which are then sewn together to
create traction. During subsequent reoperations (often at
24–72 hours intervals), the medial aspects of the two leaflets
are shortened (either by cutting or rolling back the edges) and
subsequently sewn back together to progressively medialize the
midline fascia.70 The Abdominal Reapproximation Anchor
(ABRA) system provides similar medial traction using multiple
horizontal elastomers. Each elastomer passes through all layers
of the abdominal wall and exits the skin approximately 5 cm lat-
eral to the fascial margin on each side of the OA. Progressive fas-
cial closure is obtained via daily adjustments.71 While initial tri-
als sought to compare PFC rates between fascial traction systems
and traditional negative pressure TACs, a recent meta-analysis
and practice guidelines from the Eastern Association for the
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Surgery of Trauma recommends that both be used in combination
in patientswith anOA that cannot be closed during relaparotomy.72

Additional nonsurgical adjuncts have been utilized to en-
hance PFC. Direct peritoneal resuscitation (DPR) is a revolu-
tionary resuscitation technique that continuously irrigates the
peritoneal cavity using a glucose-based dialysis solution. In ad-
dition to optimizing intestinal blood flow and reducing systemic
inflammatorymediator burden, the hypertonicity of the dialysate
solution decreases intestinal wall edema.73 In retrospective stud-
ies, adjunctive DPR resulted in earlier primary fascial closure in
patients suffering both traumatic pathology and IAS.74,75 Like-
wise, in a small, randomized control trial, traumatically injured
patients receiving adjunctive DPR had reduced mortality in ad-
dition to earlier abdominal wall closure.76 Hypertonic saline
may also reduce bowel edema and improve rates of PFC. In ret-
rospective studies of injured patients, the use of 3% hypertonic
saline as a maintenance fluid was associated with higher rates
of PFC.77,78

When multiple failed attempts at PFC have occurred, a
functional closure can be considered. This either involves a
bridging mesh or simply allowing granulation tissue to form
over the exposed viscera. Split-thickness skin grafting can be
performed once the abdominal wound bed has matured, and
complex surgical repair can be delayed until the patient recovers
from the acute hospitalization.79
SUMMARY AND KEY RECOMMENDATIONS

Despite the general lack of firm evidence, DCS remains
an essential technique for all surgeons managing nontraumatic
intra-abdominal emergencies. When applied to the right patient
population, damage control techniques can be lifesaving. How-
ever, the severe complications associated with an OA can be det-
rimental and DCS should be used with caution in emergency
general surgery.

Key Recommendations
▪Persistent physiologic derangement, intestinal ischemia, and pro-
found bowel distention limiting fascial approximation are the key
indications for DCS in nontraumatic pathology. An OA with
reexploration in themanagement of severe intra-abdominal sepsis
should be avoided unless specific indications are present. This
includes physiologic derangement, concern for failed source
control, high suspicion for persistent intra-abdominal infec-
tion despite presumed adequate source control, inability to
perform GI tract reconstruction, and the need to reevaluate
questionably viable viscera.
▪Negative pressure therapy should be used in all cases of tem-
porary abdominal closure and can be performed with common
operating room supplies or commercially available products.
▪Key ICUmanagement of the OA includes early enteral nutrition
(within 48 hours), early extubation, avoidance of paralytics, mini-
mization of sedation, and closemonitoring for abdominal compart-
ment syndrome and treatment failure in intra-abdominal sepsis.
▪Early relaparotomy (ideally within 24 hours), negative pres-
sure temporary abdominal closure, and fascial traction systems
can improve rates of primary fascial closure. Adjunctive direct
peritoneal resuscitation and hypertonic salinemay also promote
abdominal wall closure by reducing intestinal wall edema.
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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