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Abstract

Background: The open abdomen is an innovation that greatly improved surgical understanding of damage control, temporary 
abdominal closure, staged abdominal reconstruction, viscera and enteric fistula care, and abdominal wall reconstruction. This 
article provides an evidence-informed, expert, comprehensive narrative review of the open abdomen in trauma, acute care, and 
vascular and endovascular surgery.

Methods: A group of 12 international trauma, acute care, and vascular and endovascular surgery experts were invited to review 
current literature and important concepts surrounding the open abdomen.

Results: The open abdomen may be classified using validated systems developed by a working group in 2009 and modified by the World 
Society of the Abdominal Compartment Syndrome—The Abdominal Compartment Society in 2013. It may be indicated in major 
trauma, intra-abdominal sepsis, vascular surgical emergencies, and severe acute pancreatitis; to facilitate second look laparotomy 
or avoid or treat abdominal compartment syndrome; and when the abdominal wall cannot be safely closed. Temporary abdominal 
closure and staged abdominal reconstruction methods include a mesh/sheet, transabdominal wall dynamic fascial traction, 
negative pressure wound therapy, and hybrid negative pressure wound therapy and dynamic fascial traction. This last method 
likely has the highest primary fascial closure rates. Direct peritoneal resuscitation is currently an experimental strategy developed 
to improve primary fascial closure rates and reduce complications in those with an open abdomen. Primary fascial closure rates 
may be improved by early return to the operating room; limiting use of crystalloid fluids during the surgical interval; and 
preventing and/or treating intra-abdominal hypertension, enteric fistulae, and intra-abdominal collections after surgery. The 
majority of failures of primary fascial closure and enteroatmospheric fistula formation may be prevented using effective temporary 
abdominal closure techniques, providing appropriate resuscitation fluids and nutritional support, and closing the abdomen as early 
as possible.

Conclusion: Subsequent stages of the innovation of the open abdomen will likely involve the design and conduct of prospective studies 
to evaluate appropriate indications for its use and effectiveness and safety of the above components of open abdomen management.
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Introduction
An open abdomen (OA) describes a situation where all layers of the 

abdominal wall are left open. This may be indicated for damage 

control (DC), intra-abdominal sepsis, or vascular surgical 

emergencies; to facilitate second look laparotomy (for example 

when bowel viability is questionable or packs are left in the 

abdomen) or avoid or treat abdominal compartment syndrome 
(ACS); and when the abdominal wall cannot be safely closed. 
Some have even suggested it may have a role in improving 
source control of intra-abdominal sepsis. The abdominal wall 
may not be able to be safely closed when attempted closure 
induces severe intra-abdominal hypertension (IAH)/ACS or 
following burst abdomen or excision of an abdominal wall 
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infection or tumour. Closing the fascia and leaving the skin open, 
or closing the skin but not the fascia, is not considered an OA.

In this narrative review, 12 international trauma, acute care, and 
vascular and endovascular surgery experts were invited to review 
current literature and important concepts surrounding the OA. 
The purpose was to provide an evidence-informed, 
comprehensive review of the OA in trauma, acute care, and 
vascular and endovascular surgery to guide surgeons, other 
clinicians, and researchers who may utilize or study this 
technique. Experts were invited based on clinical expertise and 
because they had published extensively on the OA and/or 
participated in OA clinical practice guidance documents. The 
following are reviewed: the history and classification of the OA; 
indications for and use of the OA in trauma, intra-abdominal 
sepsis, vascular surgical emergencies, and severe acute 
pancreatitis (SAP); temporary abdominal closure (TAC) and 
staged abdominal reconstruction (STAR) techniques; direct 
peritoneal resuscitation (DPR); the relationship between 
perioperative resuscitation strategies, risk of IAH/ACS, and the 
need for the OA; enteroatmospheric fistulas (EAFs) and the 
hostile OA; and abdominal wall reconstruction post-OA 
management.

History of the innovation of the open 
abdomen
There are three separate eras in surgical history that contribute to 
the current practice of the OA. First, in 1897, McCosh described 
use of the OA in eight patients with generalized peritonitis1. He 
applied traction to open laparotomy wound edges with two to 
three silkworm-gut sutures and covered the intestines with 
gauze allowing egress of peritoneal secretions. During World 
War II, Ogilvie subsequently used the OA to treat abdominal 
injuries and recommended using it for peritonitis2. The method 

was seldom again described until 1979 when Steinberg 
suggested leaving the abdomen open to drain in cases of 
generalized peritonitis3.

The second era of development occurred during the innovation 
of DC surgery4. Although therapeutic perihepatic packing (that is 
prolonged intra- and postoperative packing for control of hepatic 
haemorrhage5) for severe liver injury had already been reportedly 
used by Pringle in 19086, the concept of DC laparotomy was first 
formally introduced by Stone et al. in 19837. After abbreviated 
laparotomy for control of exsanguinating haemorrhage and 
gross contamination, Stone et al. therapeutically packed the 
abdominal cavity and then left it open before reoperation for 
definitive repair of all injuries 24–72 hours later after an interval 
of ongoing resuscitation in the intensive care unit (ICU). During 
the interim interval, the viscera were protected with a TAC. This 
operative process was later named ‘damage control’ by Rotondo 
and Schwab in 19938.

The third era began after surgeons recognized the deleterious 
effects that raised intra-abdominal pressure (IAP) had on organ 
systems. Although known since the mid-19th century, the 
clinical significance of IAH/ACS was first fully recognized after 
the increasing use of laparoscopy. Fietsam et al. then reported 
the first case series of ‘intra-abdominal compartment syndrome’ 
(increased peak inspiratory and central venous pressures, 
oliguric renal failure, and massive abdominal distention) after 
open repair of ruptured abdominal aortic aneurysms (rAAAs) 
and massive fluid resuscitation4,9. The initial description of 
treating ACS by opening the abdomen and leaving it open was 
published in 198410. Subsequently, the World Society of the 
Abdominal Compartment Syndrome (WSACS)—The Abdominal 
Compartment Society published IAH/ACS definitions in 2006 
and clinical practice guidelines on diagnosis and management 
of IAH/ACS in 2007; these were then updated by the Society in 
201311.

Classification of the open abdomen
The first OA classification system was developed during two 
consensus conferences and published by Björck et al. on behalf 
of a working group in 200912. Classes 1 through 3 of the system 
were subsequently expanded during development of the 
updated 2013 WSACS—The Abdominal Compartment Society 
clinical practice guidelines11, and later published as an 
independent article in 201613. The classification systems from 
2009 and 2016 are presented in Table 1. The aims of these 
systems are to: describe the patient clinical course and aid 
clinicians in objectifying progress or lack thereof; stratify 
patients into risk groups; educate clinicians training to perform 
OA management; and facilitate OA cohort comparisons between 
studies. The WSACS 2013 classification system has been 
reported to be valid and reliable in a study of 111 patients 
treated with a combination of vacuum-assisted wound closure 
and mesh-mediated fascial traction (VAWCM)14. In this study, 
the most complex grade and deteriorating grade, grade C and 
grade 4 OAs, were associated with the worst patient outcomes14.

The open abdomen in trauma
Although DC laparotomy is considered by many to be life-saving 
when used among the most critically injured patients (often 
defined as those who are approaching ‘physiological exhaustion’), 
it has potentially severe complications, including complex ventral 
hernias and EAFs15. Therefore, it should only be used when 

Table 1 Classification of the open abdomen

2009 Classification system Amended 2016 classification 
system

1A Clean OA without 
adherence between 
bowel and abdominal 
wall or fixity 
(lateralization of the 
abdominal wall)

1A Clean, no fixation

1B Contaminated OA without 
adherence/fixity

1B Contaminated, no fixation

1C Enteric leak, no fixation
2A Clean OA developing 

adherence/fixity
2A Clean, developing fixation

2B Contaminated OA 
developing adherence/ 
fixity

2B Contaminated, developing 
fixation

2C Enteric leak, developing 
fixation

3 OA complicated by fistula 
formation

3A Clean, frozen abdomen

3B Contaminated, frozen 
abdomen

4 Frozen OA with adherent/ 
fixed bowel, unable to 
close surgically, with or 
without fistula

4 Established 
enteroatmospheric 
fistula, frozen abdomen

OA, open abdomen. Enteric leak describes the situation where there is spillage 
of enteric contents into the abdomen without having an established enteric 
fistula development.
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appropriately indicated. In 2013, Roberts et al. and the Indications 
for Trauma DC Surgery International Study Group conducted a 
series of studies to determine the clinical situations in which the 
expected survival benefit of conducting DC laparotomy was 
expected to exceed the risk of complications5,16–21. They first 
conducted a scoping review and identified 1107 indications for DC 
surgery reported in the literature19. They then used qualitative 
research methods to reduce these 1107 indications into 123 
unique indications for DC surgery, of which 101 (82.1 per cent) 
were subsequently rated to be appropriate for use in practice by 
an international panel of trauma surgery experts21. Roberts et al. 
then surveyed 366 surgeons who treated injured patients in level 
1–3 trauma centres across four different countries (the USA, 
Canada, Australia and New Zealand) to determine their opinions 
on the appropriateness of the indications rated in the expert 
appropriateness rating study18. Respondents rated 15 (78.9 per 
cent) preoperative and 23 (95.8 per cent) intraoperative 
indications to be appropriate for use in practice18. The indications 
for DC laparotomy rated to be appropriate by both experts and 
practicing surgeons are listed in Table 218,21. Although a 
subsequent systematic review by this research group found that 
few of these indications had evidence supporting that they were 
valid and/or reliable17, a cohort study conducted in the USA 
observed that they accurately predicted use of DC laparotomy in 
practice16. Therefore, the indications listed in Table 2 may be used 
to guide choice of operative profile (that is DC or definitive) during 
trauma laparotomy and trauma centre quality improvement 
practices15,21.

The open abdomen in intra-abdominal 
sepsis
Secondary peritonitis may result from disruption of the 
gastrointestinal (GI) tract and severe complicated 
intra-abdominal sepsis (defined as uncontrolled or unconfined 
purulent, feculent, or enteric peritoneal spillage in the setting of 
intra-abdominal sepsis)22. Severe complicated intra-abdominal 
sepsis is associated with an increased risk of multiple organ 
failure, morbidity and mortality rates23. This results from 
life-threatening organ dysfunction caused by a dysregulated 
host response to infection24.

Intra-abdominal sepsis is particularly challenging to manage 
as the pathology originates within a semi-rigid container within 
which the primary disease and subsequent therapies 
frequently, if not always, result in IAH11. This container 
comprises the bulk of the human microbiome within the GI 
tract. The primary disease combined with IAH and vasomotor 
changes quickly induces a pathological gut microflora or 
dysbiome that has adverse consequences for the host25. Animal 
studies have reported that IAH decreases the abundance and 
diversity of the gut microbiota and increases the relative 
amounts of pathogenic lipopolysaccharide-secreting 
Proteobacteria26,27. Further, dysbiotic faeces from previously 
IAH-injured rats exacerbates the injury27.

The OA is sometimes utilized in patients with severe 
complicated intra-abdominal sepsis. This is because some have 
suggested that in the most critically ill patients it may reduce 
operating times, facilitate reoperation, allow for early 
identification and increased drainage of residual infection, avoid 
IAH/ACS, and permit potentially safer, delayed GI 
anastomoses22,28. An area of active research is therefore 
whether it may also permit better source control and removal of 
inflammatory mediator-rich peritoneal fluid22,28. The World 
Society of Emergency Surgery (WSES) suggests that despite 
high-quality evidence, the technique (OA) might be an 
important option in the treatment of severe peritonitis and 
severe sepsis/septic shock under the following circumstances: 
abbreviated laparotomy due to severe physiological 
derangement, the need for a deferred intestinal anastomosis, a 
planned second look for intestinal ischaemia, persistent source 
of peritonitis (failure of source control), or extensive visceral 
oedema with concern for the development of ACS29,30.

Cornerstones of therapy for severe complicated 
intra-abdominal sepsis include early detection, initiation of 
antibiotic and haemodynamic resuscitation, and definitive 
control of the initiating cause. Failure of adequate source 
control is an independent predictor of mortality rate31. However, 
it remains unclear if source control relates to control of 
macroscopic contamination, biomediators and/or biomarkers, or 
resolution of deranged septic physiology32. In those with severe 
intra-abdominal sepsis, the abdominal cavity acts as a reservoir 
for proinflammatory cytokines33. Disrupting inflammatory flow 
to the systemic circulation or better removing inflammatory 
ascites ameliorates inflammation and multiple organ failure in 
animals34.

Kirkpatrick et al. previously conducted an RCT that suggested 
use of a negative pressure wound therapy (NPWT) TAC 
technique that may afford potentially more efficient peritoneal 
drainage (The ABThera™ Open Abdomen Negative Pressure 
Therapy System (Acelity, San Antonia, TX, USA)) than another 
(the Barker’s vacuum pack (see below)) may reduce the mortality 
rate35,36. However, this RCT was unable to demonstrate that the 

Table 2 Published indications for damage control laparotomy in 
trauma patients rated to be appropriate by experts and 
practicing surgeons

Indication

Abdominal trauma requiring laparotomy   

AND at least one of the following: 
1. Persistent systolic blood pressure <90 mmHg or a successfully 

resuscitated cardiac arrest during transport to hospital
2. Persistent systolic blood pressure <90 mmHg in the 

preoperative setting or during operation
3. Preoperative core body temperature <34°C, arterial pH <7.2, or 

INR/PT >1.5 times normal (with or without a concomitant PTT 
>1.5 times normal)

4. Core body temperature <34°C and arterial pH <7.2 at the 
beginning of operation

5. Persistent core body temperature <34°C or persistent arterial 
pH <7.2 during operation

6. INR/PT and PTT >1.5 times normal or a clinically observed 
coagulopathy during operation

7. Core body temperature <34°C, arterial pH <7.2, and laboratory 
confirmed (INR/PT and/or PTT >1.5 times normal) or clinically 
observed coagulopathy in the preoperative setting, at the 
beginning of operation, or during the conduct of operation

8. Estimated blood loss >4 l in the operating room 
OR 

9. >10 U PRBCs were administered to the patient in the pre- or pre- 
and intraoperative settings

An expanding and difficult to access pelvic haematoma
A juxtahepatic venous injury
An abdominal vascular injury and at least one major associated 

abdominal solid or hollow organ injury
Devascularization or destruction of the pancreas, duodenum, or 

pancreatoduodenal complex with involvement of the ampulla/ 
proximal pancreatic duct and/or distal CBD

CBD, common bile duct; INR, international normalized ratio; PRBC, packed red 
blood cells; PT, prothrombin time; PTT, partial thromboplastin time.
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ABThera™ significantly improved peritoneal fluid drainage at 24 or 
48 hours after DC laparotomy; further, peritoneal drainage was 
significantly less with this device than the Barker’s vacuum pack 
at 48 hours. They also found no significant between-group 
differences in peritoneal and systematic proinflammatory 
mediator concentrations that may have mediated the observed 
improvement in mortality rate35.

An international RCT, the Closed or Open after Laparotomy 
for Severe Complicated Intra-Abdominal Sepsis (COOL) trial, 
recently began randomly allocating patients with severe 
complicated intra-abdominal sepsis to use of the OA and an 
NPWT TAC method or fascial closure at the end of the index 
emergency laparotomy (clinicaltrials.gov registration number: 
NCT03163095 ((http://www.clinicaltrials.gov))37,38. If this active 
negative pressure peritoneal therapy (that is application of 
NPWT to the OA) improves outcomes after severe complicated 
intra-abdominal sepsis, this may be a surgical strategy with 
global utility.

The open abdomen in vascular surgical 
emergencies
The OA may be used after endovascular or open repair of ruptured 
abdominal aortic aneurysms (rAAAs) or laparotomy for 
mesenteric ischaemia. For patients with mesenteric ischaemia, 
use of the OA may improve perfusion of the remaining bowel 
and facilitates re-look laparotomy39. DC resuscitation, which 
includes expedient operation to rapidly control haemorrhage, 
permissive hypotension, avoidance of excessive crystalloid 
administration, and administration of plasma, platelets, and 
packed red blood cells (PRBCs) in a 1:1:1 haemostatic ratio is 
often utilized in patients with rAAAs40–43. These interventions 
are thought by some to prevent or ameliorate the lethal triad 
(hypothermia, acidosis, coagulopathy) and visceral oedema, 
IAH, and ACS in vascular surgery and trauma patients40–43.

The estimated incidence of ACS after open repair of rAAAs in 
one cohort study was 6.8 per cent44 while that after ruptured 
endovascular aortic repair (rEVAR) was 9 per cent (95 per cent 
c.i. 8 to 11 per cent)) in a systematic review and meta-analysis of 
44 studies45. Although it has been suggested that type II 
endoleaks (collateral retrograde flow into the residual aortic sac 
from aortic branches) from lumbar arteries or the inferior 
mesenteric artery into the ruptured aortic aneurysm sac may 
contribute to the development of ACS after rEVAR, this could 
not be verified in a large study that included a core lab study of 
all imaging46. However, it is well established that those who 
develop ACS after rEVAR do so earlier after completion of the 
operation than those who undergo open repair of an rAAA47.

The development of ACS after rAAA repair has been associated 
with a mortality rate ranging from 17 to 83 per cent44,45,47,48. 
Further, those who require laparotomy during rEVAR for rAAA 
have an adjusted odds of mortality rate nearly six-fold higher 
than those that do not require laparotomy49. The duration of 
IAH before decompressive laparotomy has also been associated 
with an increased adjusted odds of postoperative renal 
replacement therapy (a complication which has repeatedly been 
reported to be a principal predictor of poor outcomes after 
rAAA)47. In patients undergoing rEVAR for rAAA, preoperative 
systolic blood pressure <70 mmHg, need for proximal aortic 
occlusion, and transfusion of >5 units of PRBCs have been 
reported to increase the risk of ACS46. Other risk factors likely 
include prolonged shock, preoperative cardiac arrest, and severe 
hypothermia (temperature <33°C) and acidosis (pH <7.2)50,51.

In patients who develop overt ACS (defined as severe IAH in a 
critically ill/injured patient and new cardiorespiratory and/or renal 
failure52) after or during endovascular repair of rAAA, emergent 
decompressive laparotomy is indicated11. In patients with equivocal 
signs of ACS, a scoring system has been developed to help guide 
surgeons on when to perform intraoperative decompressive 
laparotomy after rEVAR53. A cohort study by Smidfelt et al. did not 
find a survival advantage or difference in major complications in 
patients whose abdomen was prophylactically left open instead of 
primarily closed after open repair of rAAA54.

It remains unclear which TAC technique after decompressive 
laparotomy for rAAA is most effective and safe. A systematic 
review of seven non-randomized studies reported a primary fascial 
closure (PFC) rate ranging from 79 to 100 per cent and an aortic 
graft infection risk of 0 per cent after use of the Barker’s vacuum 
pack, commercial NPWT, and VAWCM55. However, the number of 
patients included in these studies ranged from four to 30 and only 
60–100 per cent had an rAAA55. A subsequent multicentre, 
retrospective cohort study conducted by Acosta et al. reported a PFC 
rate of 91.8 per cent after a median of 11 days among patients 
treated with VAWCM after aortic repair because their abdomen 
could not be closed at primary or secondary operation56. Sixty-one 
per cent of these patients had an rAAA, 3.7 per cent developed an 
aortic graft infection within 6 months, and the 1-year mortality rate 
was 28.6 per cent56. It is important to recognize that NPWT devices 
may drain substantial amounts of fluid containing albumin, which 
may need to be compensated for. Before applying a TAC to a 
patient post-rAAA, surgeons should consider therapeutic 
intra-abdominal packing and cover surgical aortic grafts with 
retroperitoneal tissue, the peritoneum, and/or the omentum to 
decrease the risk of graft infection during repeated laparotomies.

The open abdomen in severe acute 
pancreatitis
SAP occurs in 10 per cent of patients with acute pancreatitis and 
has an associated mortality rate of 18–49 per cent57. The 
relationship between SAP and ACS is well established and ACS is 
described by some authors as the most lethal complication of 
SAP58. Diagnosis of ACS in patients with SAP is difficult because 
symptoms and signs can resemble those of the systemic 
inflammatory response syndrome (SIRS), acute respiratory 
distress syndrome, infected pancreatic necrosis, and multiorgan 
dysfunction syndrome (MODS). Therefore, the most recent 
WSACS—The Abdominal Compartment Society guidelines 
recommend measuring IAP in all patients with SAP at admission 
and then at regular intervals (for example 4–6 h)11.

The degree to which IAH contributes to the progression of MODS 
in patients with SAP is unknown. Although IAP correlates with Acute 
Physiology and Chronic Health Evaluation-II scores (APACHE-II) 
after SAP, a causal relationship between ACS and MODS has not 
been established. The development of MODS in patients with SAP 
is multifactorial and SIRS plays an important role in the 
pathogenesis. Activation of circulating neutrophils and monocytes 
in patients with SAP is an early event and often precedes ICU 
admission59. In experimental models, IAH has been shown to 
induce the release of proinflammatory cytokines into circulation 
and contribute to liver, intestine, pancreas, and lung injury60.

The ideal treatment for SAP-related ACS is its prevention, which 
is likely best done by limiting excessive fluid administration (and 
especially excessive crystalloid fluid administration). The 
treatment of IAH/ACS after SAP should follow that suggested by 
the WSACS—The Abdominal Compartment Society11. Surgical 
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decompression is necessary and recommended when conservative 
methods are insufficient to manage IAH/ACS. A recent systematic 
review demonstrated that this intervention considerably reduces 
IAP and may possibly be associated with a lower mortality rate 
and improved respiratory and renal function58.

However, it remains unknown when decompressive 
laparotomy should be performed and by what method (midline 
laparotomy, bilateral subcostal laparotomy, or subcutaneous 
linea alba fasciotomy), despite midline laparotomy being most 
common61. The OA in patients with SAP is associated with a 
significant morbidity rate, a high rate of reoperation on, enteric 
fistula formation, and a low rate of PFC.

Importantly, visceral or mesenteric ischaemia has been 
reported to be found among 34–62 per cent of patients after 
decompressive laparotomy for pancreatitis-related ACS62,63. 
This complication is difficult to diagnose in these patients 
without laparotomy and is associated with an increased 
mortality rate62,63. Therefore, decompressive laparotomy may 
be the preferred management of pancreatitis-related ACS when 
conservative management fails62,63. Unfortunately, the optimal 
IAP threshold requiring surgical decompression and timing for 
intervention is unclear. Recent evidence demonstrates that 
patients with an IAP >25 mmHg in the first 4 days after disease 
onset may potentially be candidates for surgical decompression64.

Given the morbidity rate of the OA in patients with SAP, 
non-invasive means of lowering IAP are an attractive alternative 
and include percutaneous catheter drainage among those with 
intraperitoneal collections that would be appropriate to drain65. A 
severity-of-illness-matched cohort study compared percutaneous 
catheter drainage with decompressive laparotomy and reported 
that catheter drainage was similarly effective at reducing IAP and 
may have avoided need for open surgical decompression in 81 
per cent of the 31 treated patients65. However, percutaneous 
catheter drainage will not assist in diagnosing intestinal 
ischaemia and it remains unknown at what time percutaneous 
drainage should ideally be performed in patients with 
SAP-related IAH and which placement technique should be used.

Temporary abdominal closure and staged 
abdominal reconstruction methods
When the abdomen is left open, the viscera need to be covered and 
the abdomen temporarily ‘closed’ to prevent visceral desiccation 
and fluid, protein, and temperature losses66,67. TAC methods 
include the Bogotá bag (Fig. 1), Wittmann patch68, and 
non-commercial (that is the Barker’s vacuum pack)69 (Fig. 2) and 
commercial NPWT systems (for example the ABThera™ Open 
Abdomen Negative Pressure Therapy System (Acelity, San 
Antonia, TX, USA) and The Renasys AB Abdominal dressing kit 
(Smith & Nephew, Memphis, TN, USA)) (Fig. 3). Further, if the 
abdomen cannot be closed after patients undergo their first 
re-look laparotomy, a STAR technique may be used during 
which the abdomen is progressively closed during a series of 
relaparotomies67. These usually include NPWT combined with 
some form of dynamic fascial traction. Important principles of 
TAC and STAR include preventing adhesion formation between 
the intestines and abdominal wall (through use of a visceral 
protective sheet placed between the viscera and parietal 
peritoneum and tucked deep into the pericolic gutters) and 
lateralization of the abdominal wall away from the midline (by 
placing constant or progressive, dynamic tension on the midline 
fascia)67. The Eastern Association for the Surgery of Trauma (EAST) 
clinical practice guideline conditionally recommended use of 

fascial traction over routine care in patients with an OA to improve 
PFC70. This can be achieved by progressive fascial suture closure; 
the Wittmann patch; the ABdominal Reapproximation Anchor 
(ABRA) device (Canica Design Inc. Almonte, Ontario, Canada); or 
mesh-mediated fascial traction as in VAWCM (Fig. 4)67,71. Table 3
provides a detailed description of TAC and STAR techniques.

NPWT is recommended as a preferred TAC method for patients 
with an OA by a number of international societies (including the 
WSACS—The Open Abdomen Society, WSES, and European 
Hernia Society (EHS)) and several evidence syntheses11,30,83–86. 
The WSES, EHS, and EAST also recommend the use of dynamic 
fascial closure in combination with NPWT. However, these 
recommendations are based largely on low-certainty evidence. 
A 2022 Cochrane systematic review of RCTs reported that based 
on sparse available trial data (only two RCTs, including one 
comparing NPWT to the Bogotá bag and another comparing it to 
an alternate NPWT system), the authors were uncertain 
whether NPWT had any benefit over alternate methods of TAC 
in terms of PFC, fistula formation, or mortality rate in 
non-trauma patients72. Kirkpatrick et al. previously conducted 
an RCT that reported use of the ABThera™ instead of Barker’s 
vacuum pack may reduce the mortality rate in trauma and 
non-trauma patients35; however, results of this RCT have not 
been replicated. Finally, systematic reviews and meta-analyses 
of largely uncontrolled cohort studies have reported that NPWT, 
the Wittmann patch, and VAWCM in particular, are associated 
with high rates of PFC and low rates of mortality and enteric 
fistula formation (see Table 3 for a summary of some of the 
results of these meta-analyses)62,73–82. However, results of these 
systematic reviews are often difficult to interpret because of 
their pooling of studies with and without control groups and the 
varying methodology used by the included primary studies67. 
Further, many of these studies mix young trauma victims 
treated with an OA for only 24–48 h with more complex patients 
who frequently had intra-abdominal sepsis and required weeks 
or even months of OA management.

Direct peritoneal resuscitation
In the 1990s, surgeons became increasingly aware of the 
association between aggressive fluid resuscitation, IAH/ACS, and 
outcomes. This led the group in Louisville, Kentucky, to 
experiment with alternate strategies to improve outcomes in 
those with an OA. Initial work by Zakaria et al. using 

Fig. 1 Bogotá bag
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commercially available peritoneal dialysis 4.25 per cent 
glucose-based solution (Delflex; Fresenius USA, Ogden, UT, USA) 
reported that this solution increased intestinal blood flow from 
a baseline of 568 (s.d. 31) nl/second to 1049 (s.d. 46) nl/second87. 
Garrisson et al. subsequently reported that DPR prevented 
haemorrhagic shock/resuscitation-induced organ ischaemia and 
hypoperfusion88. Enhancement of organ blood flow by DPR is 
attributed to the vasoactive nature of the dialysis solution 
driven predominantly by its osmolarity88. DPR may cause 
visceral arteriole dilatation, augment hepatic and visceral blood 
flow, and reduce organ oedema and serum levels of 
proinflammatory cytokines following haemorrhagic shock.

There are two commonly reported approaches to performing 
DPR (Table 4 and Fig. 5). Although there is limited evidence to 
guide the optimal infusion, infusion volumes, and dwell time, it is 
important to monitor the patient’s blood glucose as patients may 
absorb it from the peritoneal cavity. In the first technique, 300 ml/ 
hour of 2.5 per cent glucose-based peritoneal dialysis solution is 
instilled via a Robinson catheter placed in the left upper quadrant 
at the root of the small bowel mesentery and fluid is removed via 
NPWT until abdominal closure is achieved. In the second 
technique, 300 ml/hour of 2.5 per cent glucose-based peritoneal 
dialysis solution is instilled via a superior Sensatrac pad of an 
ABThera™ with 30 minutes of soak time. This fluid is then 
removed in 1 hour with a target pressure of 100 mmHg until 
definitive abdominal closure. One of the authors uses 3-hourly 
cycles when performing the above technique.

Smith et al., who pioneered the technique, suggested that DPR 
could assist in achieving earlier and increased PFC rates and 
reduced complications89. In 2016, in an RCT of DPR in 103 patients 
undergoing DC surgery (52 of which were allocated to DPR and 51 
to a control resuscitation group), time to PFC was reduced in the 
DPR compared with the control group (4.1 (s.d. 2.2) days versus 
5.9 (s.d. 3.5) days; P ≤0.002)90. PFC was also higher in the DPR group 
(83 per cent versus 67 per cent; P = 0.05)90. Edwards et al. recently 
reported that DPR had no impact on abdominal infectious 
complications; further, if DPR is not initiated at the index 
operation, time to closure may be significantly prolonged91. In a 
recent systematic review of 20 articles on DPR, the authors 
reported that DPR had beneficial local and possibly systemic 
effects on perfusion, hypoxia, acidosis, and inflammation, and 
may potentially be associated with improved outcomes and 
reduced complications92. However, many of the studies in this 
systematic review were preclinical and therefore at present the 
technique remains experimental and an active area of investigation.

Perioperative resuscitation strategies, intra- 
abdominal hypertension/abdominal 
compartment syndrome, and need for the 
open abdomen
Use of trauma resuscitation strategies that utilized excessive 
crystalloid fluids likely contributed to an epidemic of IAH/ACS 
and the OA in the 1980s to 2000s4,93. The crystalloid fluids 

Moistened surgical towels

Adhesive drape

Overlaps >8–10 cm

Right
paracolic
gutter

Left
paracolic
gutter

Barker’s vacuum pack

Polyurethane visceral drape

Jackson-Pratt drain
(1 of 2)

Jackson-Pratt
drain

To wall suction
(20 mmHg)

Fig. 2 Barker’s vacuum pack 

Figure reproduced from Roberts et al.36
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provided to these patients in the Emergency Department and 
operating room in combination with the practice of 
‘supranormal resuscitation of trauma patients’ in the ICU (to 
optimize oxygen delivery and prevent occult hypoperfusion) led 
to midgut oedema, elevated IAP, and markedly increased risk of 
primary (‘refers to a condition associated with an injury or 
disease in the abdominopelvic region’) and secondary (‘refers 
to conditions that do not originate in the abdominopelvic 
region’) IAH/ACS4,11,93. These events increased the incidence 
of and need for decompressive laparotomy and the OA 
postinjury4,11,93.

As outlined by Balogh et al., increasing use of DC resuscitation 
(which consists of expedient operation to rapidly control 
haemorrhage, avoidance of excessive crystalloid administration, 
and administration of plasma, platelets, and PRBCs in a 1:1:1 
haemostatic ratio) essentially eliminated postinjury primary 
ACS and minimized the prevalence of secondary ACS93. It also 
likely changed the indications for use of trauma DC laparotomy 
and increased the probability of earlier PFC among those with 
an OA postinjury. In support of this, in a survey of 366 surgeons 
who treated injured patients in level 1–3 trauma centres 
conducted by Roberts et al., most respondents indicated that 
patients with physiologic derangements that significantly 
improve or reverse during operative resuscitation were 
candidates for definitive closure of their laparotomy at the end 

of the index operation18. Further, in a retrospective cohort 
study of 172 severely injured combat casualties admitted to a 
US military hospital, use of ratio-driven resuscitation (defined 
as a ratio of 0.8 to 1.2 U of PRBCs to 1 U of fresh frozen plasma) 
instead of non-ratio-driven resuscitation was associated 
with an increased adjusted odds of early PFC after trauma 
laparotomy94.

In the postoperative interval, resuscitation of patients with 
an OA should aim to achieve a balance between management 
of their deranged physiology and minimization of volume 
overload and IAH so that early PFC can be achieved95. Cohort 
studies of trauma patients with an OA suggest that PFC 
rates may be improved by returning to the operating room as 
early as possible after the index laparotomy (and ideally 
within 24 hours); preventing and/or treating IAH, enteric 
fistulae, and intra-abdominal collections after surgery; and 
limiting use of crystalloid fluids and fluid-related weight 
gain during the surgical interval (Table 5)96–99. In support of 
this, in a retrospective cohort study of patients undergoing 
OA management with the VAWCM technique, patients with a 
fluid-related weight gain ≥10 per cent had a lower PFC rate 
than those with a fluid-related weight gain <10 per cent (PFC 
rate = 33 versus 77 per cent respectively). Further, PFC rates 
seemed to possibly decrease even further when fluid-related 
weight gains were >20 per cent100.

Adhesive open
abdomen drape

Overlaps >8–10 cm

Right
paracolic
gutter

Left
paracolic
gutter

ABThera™ open abdomen NPT system

Interface pad

Perforated foam layer

Visceral protective layer

To ABThera™ negative
pressure source

(125 mmHg)

Tubing set

Fig. 3 ABThera™ Open Abdomen Negative Pressure Therapy System 

Figure reproduced from Roberts et al.36
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Enteroatmospheric fistulas and the hostile 
abdomen
EAFs are a devastating complication of OA management 
associated with severe morbidity rate, reduced patient 
health-related quality of life, and increased rates of mortality, 
duration of hospital stay, and hospital costs101. An EAF is 
defined as a communication between the GI tract and 
atmosphere (that is instead of the skin as in an enterocutaneous 
fistula (ECF)) (Fig. 6) and may be classified as low (<200 ml/day), 
moderate (200–500 ml/day), and high (>500 ml/day) output 
fistulas102. Generally, the more proximal the fistula is located 
within the GI tract, the higher the output.

Delayed abdominal closure, non-protection of bowel loops, 
failing to keep the viscera separated from the underside of the 
abdominal wall, careless handling of the viscera, large fluid 
resuscitation volume (>5 l/24 hours), the number of abdominal 
re-explorations, and the application of polypropylene mesh 
directly to the viscera increase risk of this complication73,103–108. 
Although use of NPWT as a TAC method and presence of bowel 
injury, bowel repairs or anastomoses, and intra-abdominal 
sepsis/abscesses were previously considered risk factors for EAF, 
subsequent studies did not support these associations109,110. 
Likely the most important predictors of EAF formation in 
patients with an OA is the duration of OA management and 
poor patient nutritional status109. There seems to be a cut-off 
after 2 weeks of having an OA after which the risk for EAF 
formation increases12,55.

Every effort should be undertaken to prevent EAF formation in 
patients with an OA101. We believe that the vast majority of 
failures of delayed primary fascial closures, EAFs, and hostile 
abdomens can be prevented using effective TAC techniques, 
optimizing use of resuscitative liquids, closing the abdomen as 
early as possible, and providing nutritional support. Multiple 
studies have reported that early enteral nutrition administration 
improves closure rates and patient outcomes111–115. Even if it 
may increase EAF output (especially for more proximal EAFs), 
this is not associated with poorer patient outcomes116,117. Other 
effective preventive interventions include covering the bowel 
with plastic sheets, omentum, or skin and avoiding direct 
application of synthetic prostheses or NPWT foam to the 
bowel82,118,119. A propensity-matched case-control study by 

Willms et al. also suggested that covering the bowel with a 
visceral protective layer is important because those with an OA 
and secondary peritonitis had a 2.9 per cent risk of EAF 
formation when a visceral protective layer was used compared 
with 26.5 per cent when it was not120.

EAFs very rarely heal spontaneously. Their initial surgical 
treatment should aim to isolate the effluent branch and 
promote granulation tissue formation around this branch to 
close it or at least transform it into an abdominal stoma. Several 
valid techniques have been described to achieve this82,103–105. 
NPWT may also be used to allow effluent isolation and 
aspiration while simultaneously creating the environment to let 
surrounding tissues granulate and transform the EAF into an 
enterostomy. EAF migration is a recently described technique: 
the use of the doughnut inside the abdomen ‘excluding’ the 
fistula site from the rest of the abdomen under NPWT may 
allow closure of the abdomen by controlling the EAF and 
migrating it from the midline to laterally under the fascia121. 
Focusing on migrating enteric effluents outside the OA and 
transforming an EAF into an ECF must be a priority. Definitive 
treatment of an EAF is generally considered to include closure of 
the fistula and abdominal wall reconstruction.

Fig. 4 Vacuum-assisted wound closure and mesh-mediated fascial 
traction (VAWCM)

a

b

Fig. 5 Drain (a) versus Veraflo (b) method of direct peritoneal 
resuscitation
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Table 3 Temporary abdominal closure and staged abdominal reconstruction techniques62,67,72–82

Type Description Approximate prognostic 
estimates from SR/MAs, %

PFC Fistula Mortality 
rate

Silo
Bogotá bag A sterile X-ray cassette or 3 l urological irrigation bag is 

sutured between the skin
28–47 0–15 30

Mesh/sheet
Synthetic absorbable, synthetic 

non-absorbable or biologic
A non-adherent plastic sheet is placed over the viscera and an 

absorbable sheet (for example polyglycolic acid or 
polyglactin 910), non-absorbable sheet (e.g. polyprolene or 
polypropylene) or biologic (for example human acellular 
dermal matrix) is sutured between the fascial edges and 
progressively plicated at relaparotomies

34–39 8–17 14–34

Dynamic fascial traction
Wittmann patch The viscera are covered with a perforated, non-adherent 

plastic sheet. A large, flexible backed-loop sheet is sutured 
to one side of the abdominal wall fascia. A smaller, more 
rigid hook sheet is sutured to the opposite abdominal wall 
fascia. The hook sheet is then placed on the loop sheet and 
the overlapping edges are trimmed. A hypobaric wound 
shield consisting of sterile gauze, a closed suction surgical 
drain, and a self-adhesive plastic drape, is then applied 
over the wound and connected to wall suction. The two 
opposing velcro sheets may be progressively advanced 
towards the midline with serial dressing changes

75–90 2–3 13–24

Non-commercial and commercial negative  
pressure wound therapy
Barker’s vacuum pack The viscera are covered with a perforated, non-adherent 

plastic sheet. This sheet is covered with surgical towels and 
two closed suction, surgical drains (for example Jackson- 
Pratt drains) that are tunnelled out the skin in a cranial 
direction. An adhesive transparent drape is placed over the 
wound to create an airtight seal and the drains are 
connected to wall canister suction

52 6 27

RENASYS-F/AB Abdominal Dressing (Smith 
and Nephew, Inc., Canada and USA)

The abdominal viscera is covered with a non-adherent, 
perforated plastic drape, and two pieces of polyurethane 
foam are placed over the plastic drape between the 
laparotomy edges. An adhesive drape is placed over the 
wound and surrounding skin and a track pad is connected to 
a suction sump and fluid drainage system via the track pad

51–60 3–15 18–30

ABThera™ Open Abdomen Negative 
Pressure Therapy System (Acelity, San 
Antonio, TX, USA)

The viscera are covered by a protective layer comprised of six 
radiating foam extensions enveloped in a sheet with small 
fenestrations. Two layers of perforated foam are then 
placed over the protective layer. An adhesive open 
abdomen drape is then placed atop the wound and 
adjacent skin and an interface pad is used to connect the 
dressing to a negative pressure source

Hybrid negative pressure wound therapy  
and dynamic fascial traction
Vacuum-assisted wound closure and 

mesh-mediated fascial traction
A heavy-weight polypropylene mesh is sutured to the 

bilateral fascial edges. The viscera are covered by a 
protective sheet. The mesh is then closed under tension, 
pulling the bilateral fascial edges towards the midline. Two 
pieces of foam are placed between the laparotomy edges 
and an adhesive open abdomen drape is placed atop the 
wound and adjacent skin. An interface pad is used to 
connect the dressing to a negative pressure source. The 
mesh is then progressively closed and the dressing steps 
repeated during serial relaparotomies

84 6 28

Abdominal Reapproximation Anchor (ABRA) 
device (Canica Design Inc. Almonte, 
Ontario, Canada)

A fenestrated silicone sheet visceral protector is placed over 
the viscera. Elastomers are passed 90° through the skin and 
full thickness through the abdominal wall. Button anchors 
are placed along the laparotomy skin edge. The tension is 
set on the silicone elastomers and a VAC sponge (for 
example ABThera™) is placed ventral to the silicone sheet 
elastomers and suction is applied. The elastomers are then 
tightened in intervals to achieve medialization of the 
fascial edge at the bedside or in the operating room

NA NA NA

Negative pressure wound therapy and 
dynamic fascial traction

Dynamic fascial traction may be achieved with use of sutures, 
the ABRA, the Wittmann patch, or other measures

73–76 6 12–22

ABRA, abdominal reapproximation anchor device; NA, not available; PFC, primary fascial closure; SR/MA, systematic review and meta-analyses; VAC, vacuum- 
assisted closure.
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Abdominal wall reconstruction after open 
abdomen
Latifi previously reported a nine-step strategy to abdominal wall 
reconstruction after OA that includes management of a 
concomitant ECF/EAF106. This strategy is known as ISOWATS PL: 
I = identification of postoperative fistulas, S = sepsis control and 
eradication, O = optimization of nutrition, W = wound care, A =  
redefining the anatomy, T = timing of operation or take down of 
ECF/EAF, S = surgical approach, P = postoperative care, and L =  
long-term follow-up106.

Step 1: I = identification of postoperative fistulas
Fistulas must be first identified clinically and using computed 

tomography (CT).
Step 2: S = sepsis control and eradication
Early antibiotic use and source control of potentially drainable 

collections should be performed. In patients with severe sepsis 
and septic shock, open and timely laparotomy for source control 
is mandatory.

Step 3: O = optimization of nutrition
A combination of total parenteral (TPN) and enteral nutrition 

should be used in patients with an OA and ECF/EAF whenever 
possible. For patients undergoing multiple surgical procedures 
(for example DC laparotomy), nutritional support should include 
TPN.

Step 4: W = wound care
Wound care is perhaps one of the most important adjuncts in 

the management of complex wounds and ECF/EAF that likely 
improves both the physical and mental health of the patient.

Step 5: A = redefining the anatomy
Redefining the anatomy is the extension of the first step, which 

includes identifying fistulas where present and understanding the 
anatomy of the hernia and other associated pathologies. During 
this stage, meticulous analysis of previous operative reports and 
discussion with the operating surgeon (when possible, in case 
the same team is not involved) is of paramount importance. 
Abdominopelvic CT is often utilized.

Step 6: T = timing of surgical repair
If an ECF/EAF does not close within 4 to 6 weeks, it is unlikely to 

do so spontaneously. The decision when to operate is both 
surgeon and patient dependent. Operating too early may result 
in enterotomies, recurrent fistulas, and excision of larger 
amounts of bowel. Once the sepsis is controlled and nutrition 
optimized, a definitive operation can be attempted. However, in 
many cases, waiting several months for tissues to become ‘ripe’ 

is recommended even though this may increase the risk of 
losing further abdominal domain. During the waiting interval, 
optimal protection of the skin is important. Some patients may 
benefit from the application of a skin graft. If the raw area 
around the fistula was covered with a skin graft, it often takes 
9–12 months before the graft can easily be separated from the 
underlying viscera.

Step 7: S = surgical approach
Even though a staged approach to giant hernias has long been 

advocated107, many surgeons complete the entire abdominal wall 
reconstruction in one stage where possible. The surgical approach 
may be divided into entry into the abdomen, adhesiolysis, and 
exploration of the entire abdominal cavity and interloop spaces, 
restoration of GI continuity, and abdominal wall reconstruction.

Entering the abdomen
When an OA was covered with a prior skin graft or granulation 
tissue, the presence of a ‘positive pinch test’ is associated with 
safer abdominal entry (Fig. 7). The safest way to enter the 
abdomen is often via the non-violated area of the incision away 
from prior scar.

Adhesiolysis
Once inside the abdomen, meticulous dissection of the intestine 
from the abdominal wall, adjacent bowel loops, and omentum 
should be performed. While performing adhesiolysis, any 
foreign body, unhealthy soft tissue, and/or ECF should be freed, 
marked, and/or resected. All enterotomies and serosal tears 
should be marked and closed.

Restoring gastrointestinal continuity
Bowel anastomoses should be performed only if bowel ends 
appear healthy, distal patency can be confirmed, anastomoses 
are located away from abscess cavities, and the patient is 
haemodynamically stable. The length of remaining bowel 
should be measured and this and the location of intestinal 
anastomoses and bowel repairs documented. Feeding tube 
placement should be considered intraoperatively if patients may 
not be able to resume oral nutrition soon after operation.

Abdominal wall reconstruction
Often the midline abdominal wall cannot be approximated because 
of loss of domain due to lateralization of the fascia, the disease 
itself, or because a portion of the abdominal wall is missing. One 
form of components separation technique should be employed to 
achieve tension-less closure and create a ‘neo-linea alba’ when 
the abdominal midline cannot be reapproximated without 
tension108. To reinforce the abdominal wall closure, a mesh is 

Table 4 Approaches to performing direct peritoneal 
resuscitation

Step Drain technique Veraflo technique

Instillation Left upper quadrant 19F 
Robinson catheter 
placed around root of 
mesentery along left 
pericolic gutter and 
into the pelvis

Sensatrac pad of 
ABThera VAC and 
infusion using Veraflo

Abdominal 
coverage

Fenestrated visceral 
protective layer placed 
under the abdominal 
wall fascia

Fenestrated visceral 
protective layer 
placed under the 
abdominal wall fascia

Suction drain Suction through 
abdominal NPWT 
device

Suction through inferior 
Sensatrac pad of 
ABThera VAC

NPWT, negative pressure wound therapy; VAC, vacuum-assisted closure.

Fig. 6 Enteroatmospheric fistula (stage 4 open abdomen)
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Table 5 Significant adjusted predictors of primary fascial closure in patients with an open abdomen

Predictor First author No. of 
patients

Patient 
population

OR (95% c.i.) Analyses adjusted for

Injury severity
ISS Beale96 62 Trauma 1.06 (1.00–1.12) BE upon arrival to the ED, PATI score, penetrating injury
ISS Hatch98 242 Trauma 1.00 (0.96–1.0) VAC dressing used at initial laparotomy, ICU INR, ICU BD, 

ICU peak IAP (mmHg), 24 h crystalloid volume, 24 h 
crystalloid, PRBC, and plasma volume

ISS >15 Dubose97 517 Trauma 0.40 (0.17–0.94) No. of re-explorations, intra-abdominal abscess/sepsis, 
bloodstream infections, enteric fistula, acute renal failure, 
age, gender, chest AIS, pH, lactate, estimated 
intraoperative blood loss, acidosis, intraoperative blood 
products, operating room fluid balance, number of packs 
used, small bowel resection, bowel left in discontinuity

PATI score Beale96 62 Trauma 0.94 (0.90–0.99) BE upon arrival to the ED, ISS, penetrating injury
Degree of physiologic  

derangement upon  
presentation
BE upon arrival to 

the ED
Beale96 62 Trauma 1.27 (1.08–1.52) ISS, PATI score, penetrating injury

INR upon arrival to 
ICU

Hatch98 242 Trauma 0.18 (0.034–0.98) ISS, VAC dressing used at initial laparotomy, ICU BD, ICU 
peak IAP (mmHg), 24 h crystalloid volume, 24 h crystalloid, 
PRBC, and plasma volume

Intra-abdominal  
hypertension  
in the ICU
Highest IAP in ICU 

before the first 
take-back, mmHg

Hatch98 242 Trauma 0.85 (0.76–0.95) ISS, VAC dressing used at initial laparotomy, ICU INR, ICU 
BD, 24 h crystalloid volume, 24 h crystalloid, PRBC, and 
plasma volume

Delayed time  
to first take-back  
or requirement  
for multiple  
take-backs
Time to first 

take-back, h
Pommerening99 499 Trauma 0.99 (0.98–1.00) Abdomen AIS ≥3, bowel resection, postoperative antibiotics, 

intraoperative blood product volume, 24 h crystalloid 
volume >10 l, number of take-backs

Time to first 
take-back >48 h

Pommerening99 499 Trauma 0.53 (0.29–0.98) NR

Time to first 
take-back >48 h 
in patients with 
an ISS >15

Pommerening99 499 Trauma 0.38 (0.20–0.74) NR

No. of take-backs Pommerening99 499 Trauma 0.18 (0.11–0.29) Time to first take-back, abdomen AIS ≥3, bowel resection, 
postoperative antibiotics, intraoperative blood product 
volume, 24 h crystalloid volume >10 l

Administration  
of a large volume  
of crystalloid fluids  
in the first 24 h
24 h crystalloid 

volume
Hatch98 242 Trauma 1.00 (1.00–1.00) ISS, VAC dressing used at initial laparotomy, ICU INR, ICU 

BD, ICU peak IAP (mmHg), 24 h crystalloid volume, 24 h 
crystalloid, PRBC, and plasma volume

24 h crystalloid 
volume >10 l

Pommerening99 499 Trauma 0.51 (0.28–0.94) Time to first take-back, abdomen AIS ≥3, bowel resection, 
postoperative antibiotics, intraoperative blood product 
volume, number of take-backs

Enteric fistula  
or intra-abdominal  
sepsis/infectious  
complications
Enteric fistula Dubose97 517 Trauma 0.16 (0.030–0.81) No. of re-explorations, intra-abdominal abscess/sepsis, 

bloodstream infections, acute renal failure, ISS >15, age, 
gender, chest AIS, pH, lactate, estimated intraoperative 
blood loss, acidosis, intraoperative blood products, 
operating room fluid balance, number of packs used, small 
bowel resection, bowel left in discontinuity

Intra-abdominal 
abscess/sepsis

Dubose97 517 Trauma 0.42 (0.21–0.82) No. of re-explorations, bloodstream infections, acute renal 
failure, enteric fistula, ISS >15, age, gender, chest AIS, pH, 
lactate, estimated intraoperative blood loss, acidosis, 
intraoperative blood products, operating room fluid 
balance, number of packs used, small bowel resection, 
bowel left in discontinuity

(continued) 
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often used. Anterior components separation involves the creation of 
flaps that extend superiorly to the costal margin, inferiorly to the 
inguinal ligament, and laterally to just beyond the linea 
semilunaris (lateral border of the rectus muscles) where the 
external oblique fascial release should be done122,123. 
Unfortunately, this is associated with several wound-related 
complications and fails to address hernias that are non-midline, 
subxiphoid, suprapubic, and parastomal as well as those 
associated with loss of domain110. For these reasons, some 
surgeons have transitioned to using posterior components 
separation with transverse abdominal release and mesh 
reinforcement, particularly for the hernias mentioned above124– 

126. In situations where abdominal wall reconstruction is not 
possible with a mesh and/or component separation, more 
advanced reconstructive techniques, such as a tensor fascia lata 
flap can be used127,128. The detailed description of this technique 
as well as its indications and associated outcomes are beyond the 
scope of this review but are available in the literature127,128.

Mesh choice
The abdominal wall reconstruction may be reinforced using a 
synthetic, biosynthetic/bioabsorbable, or biological mesh (which 

may be non-cross-linked or cross-linked). In view of conflicting 
reports and possible industry bias, no definitive opinions as to 
the best mesh type to use in different situations can be 
confidently afforded. Some argue that a biological mesh is best 
used in the setting of a contaminated (infected abdomen or a 
concomitant ECF in acute settings when it presents as an 
intra-abdominal catastrophe) or potentially contaminated 
(grade III hernias, which includes the presence of stoma, 
violation of the GI tract, previous wound infection, and a 
concomitant ECF in a patient undergoing elective hernia repair) 
surgical field. Biological meshes may have a greater ability to be 
salvaged than prosthetic mesh. However, life-threatening 
biological mesh infections still occur, and there are dramatic 
cost differences despite no obvious outcome differences 
between different biological mesh products.

Further, recent evidence has suggested that prosthetic mesh 
can be used to repair ventral hernias under a spectrum of 
clinical circumstances with results that are either comparable 
or superior to those achieved using biologic mesh129. In a 
single-blind RCT of 165 adults undergoing ventral hernia repair, 
those allocated to biologic (porcine) instead of (polypropylene) 
mesh were reported to have a significantly higher rate of hernia 
recurrence at 2 years129. In a subgroup analysis, as compared 
with those in the synthetic mesh group, there was also a 
markedly higher rate of hernia recurrence in the biologic mesh 
group when the wound was contaminated129. In a subsequent 
multicentre, single-blinded RCT of 253 patients with 
clean-contaminated or contaminated ventral hernias, those 
allocated to retromuscular synthetic instead of biologic mesh 
were reported to have a significantly reduced hernia recurrence 
and 30-day hospital costs130. Despite this, there was no 
significant difference between surgical site infection requiring 
procedural intervention between the groups130.

Finally, in some cases where the linea alba cannot be 
reconstructed, the fascial gap may need to be bridged. A 
systematic review and meta-analysis of non-randomized 
comparative studies reported that bridged repair had 
significantly higher odds of surgical site occurrences (defined as 
surgical site infection, dehiscence, haematoma, seroma, and site 
necrosis) and hernia recurrence compared with PFC131. Where 
the fascial gap needs to be bridged, absorbable materials 

Fig. 7 Positive pinch test

Table 5 (continued)  

Predictor First author No. of 
patients

Patient 
population

OR (95% c.i.) Analyses adjusted for

Bloodstream 
infections

Dubose97 517 Trauma 0.38 (0.18–0.84) No. of re-explorations, intra-abdominal abscess/sepsis, 
acute renal failure, enteric fistula, ISS >15, age, gender, 
chest AIS, pH, lactate, estimated intraoperative blood loss, 
acidosis, intraoperative blood products, operating room 
fluid balance, number of packs used, small bowel 
resection, bowel left in discontinuity

Miscellaneous
Bowel resection in 

patients with an 
ISS >15

Pommerening99 499 Trauma 0.59 (0.35–0.98) NR

Acute renal failure Dubose97 517 Trauma 0.43 (0.22–0.84) No. of re-explorations, intra-abdominal abscess/sepsis, 
bloodstream infections, enteric fistula, ISS >15, age, 
gender, chest AIS, pH, lactate, estimated intraoperative 
blood loss, acidosis, intraoperative blood products, 
operating room fluid balance, number of packs used, small 
bowel resection, bowel left in discontinuity

AIS, Abbreviated Injury Scale; BD, base deficit; BE, base excess; ED, emergency department; IAP, intra-abdominal pressure; ICU, intensive care unit; INR, International 
Normalized Ratio; ISS, Injury Severity Scale; NR, not recorded; OR, odds ratio; PATI, Penetrating Abdominal Trauma Index; PRBC, packed red blood cells; VAC, 
vacuum-assisted closure.
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(synthetic or biological) will not suffice but instead result in 
unacceptable high hernia recurrence rates131.

Mesh placement
There is debate regarding which abdominal plane the mesh 
should be placed within (see Table 6 for a description of the 
International Classification of Abdominal Wall Anatomical 
Planes)111,112. Some surgeons place the mesh in the retrorectus 
plane for small- to medium-sized abdominal wall defects 
(≤10 cm); for larger defects, they use the retromuscular space 
with TAR112. Studies suggest that underlay and retrorectus 
mesh placements reduce hernia recurrence and seroma rates 
when compared with onlay and interposition mesh repairs132.

Step 8: P = postoperative care
Patients should be monitored after surgery for increased IAP, 

venous thromboembolism, atelectasis, and pneumonia113. Increases 
in IAP after abdominal wall reconstruction requiring myofascial 
release are common but may be transient134. One cohort study of 
50 patients by Petro et al. suggested that 92 per cent developed IAH; 
however, changes in IAP resolved by postoperative day one134. The 
authors therefore suggested that IAH should be considered 
‘permissive’ in this context134. Venous thromboembolism 
prophylaxis and incentive spirometry should also be initiated early 
in the postoperative interval. Epidural catheters may be used for 
pain. Surgical drains should be kept in place until output is minimal.

Step 9: L = long-term follow-up

Patients undergoing abdominal wall reconstruction have a high 
risk of postoperative wound complications, including surgical site 
infection, dehiscence, seroma, and wound necrosis, and these 
complications are associated with poorer outcomes114,115. Surgical 
site infections secondary to resistant bacteria manifest more 
frequently postdischarge and require more frequent readmissions 
and reoperations114. Those with a history of prior abdominal 
infections, higher body mass index, enteric fistula take down, and 
increased duration of hospital stay have been reported to have a 
higher risk of surgical site infection or hospital readmission 
following complex abdominal wall reconstruction114,135. Most 
studies follow patients undergoing abdominal wall reconstruction 
for 2 years. Those who develop suspected wound complications 
or recurrent hernias during follow-up should be evaluated with 
abdominopelvic CT.

Conclusion
The OA is an innovation that spans across surgical specialties and 
has greatly improved surgical understanding of DC, TAC, STAR, 
viscera and enteric fistula care, and abdominal wall 
reconstruction. Subsequent stages of the innovation will likely 
involve the design and conduct of further valid prospective studies 
to evaluate appropriate indications for its use and effectiveness 
and safety of the above components of OA management.

Funding
The authors have no funding to declare.

Author contributions
Derek Roberts (Data curation, Formal analysis, Methodology, 
Validation, Writing—original draft, Writing—review & editing), 
Ari Leppäniemi (Conceptualization, Data curation, Methodology, 
Project administration, Writing—original draft, Writing—review 
& editing), Matti Tolonen (Writing—original draft, Writing— 
review & editing), Panu Mentula (Writing—original draft, Writing 
—review & editing), Martin Björck (Writing—original draft, 
Writing—review & editing), Andrew Kirkpatrick (Writing—original 
draft, Writing—review & editing), Michael Sugrue (Writing— 
original draft, Writing—review & editing), Bruno Pereira (Writing 
—original draft, Writing—review & editing), Ulf Petersson 
(Writing—original draft, Writing—review & editing), Federico 
Coccolini (Writing—original draft, Writing—review & editing) and 
Rifat Latifi (Writing—original draft, Writing—review & editing).

Disclosure
The authors declare no conflict of interest.

References
1. McCosh AJ. II. The treatment of general septic peritonitis. Ann 

Surg 1897;25:687–697
2. Ogilvie WH. The late complications of abdominal war wounds. 

Lancet 1940;236:253–257
3. Steinberg D. On leaving the peritoneal cavity open in acute 

generalized suppurative peritonitis. Am J Surg 1979;137:216–220
4. Roberts DJ, Ball CG, Feliciano DV, Moore EE, Ivatury RR, Lucas 

CE et al. History of the innovation of damage control for 
management of trauma patients: 1902–2016. Ann Surg 2017; 
265:1034–1044

Table 6 International classification of abdominal wall 
anatomical planes133

Name Anatomical description

A: Onlay Anterior: subcutaneous tissue 
Posterior: anterior rectus sheath and 

external oblique
B: Anterectus anterior Anterior: anterior rectus sheath 

Posterior: rectus abdominis muscle
C: Inlay Mesh attached to edges of hernia defect 

with no overlap
D: Interoblique Anterior: external oblique muscle 

Posterior: internal oblique muscle
E: Retro-oblique Anterior: internal oblique muscle 

Posterior: transversus abdominis 
muscle

F: Retrorectus Anterior: rectus abdominis muscle 
Posterior: posterior rectus sheath

H: Retromuscular (TAR 
performed)*

Anterior: rectus abdominis muscle 
(medial); transversus abdominis 
muscle (lateral) 

Posterior: posterior rectus sheath 
(medial; not present caudally, 
therefore caudal posterior border is 
transversalis fascia); transversalis 
fascia (lateral)

I: Transversalis fascial* Anterior: posterior rectus sheath 
(medial; not present caudally, 
therefore caudal anterior border is 
rectus abdominis muscle); 
transversus abdominis muscle 
(lateral) 

Posterior: transversalis fascia (medial); 
transversalis fascia (lateral)

J: Preperitoneal Anterior: transversalis fascia 
Posterior: peritoneum

K: Intraperitoneal Anterior: peritoneum 
Posterior: abdominal cavity

*Below the arcuate line, planes H and I have the same anatomical location. TAR, 
transversus abdominis muscle release.

Roberts et al. | 13



5. Roberts DJ, Bobrovitz N, Zygun DA, Ball CG, Kirkpatrick AW, 

Faris PD et al. Indications for use of thoracic, abdominal, 
pelvic, and vascular damage control interventions in trauma 
patients: a content analysis and expert appropriateness 
rating study. J Trauma Acute Care Surg 2015;79:568–579

6. Pringle JHV. Notes on the arrest of hepatic hemorrhage due to 
trauma. Ann Surg 1908;48:541–549

7. Stone HH, Strom PR, Mullins RJ. Management of the major 
coagulopathy with onset during laparotomy. Ann Surg 1983; 
197:532–535

8. Rotondo MF, Schwab CW, McGonigal MD, Phillips GR, 
Fruchterman TM, Kauder DR et al. ‘Damage control’: an 
approach for improved survival in exsanguinating penetrating 
abdominal injury. J Trauma 1993;35:375–382; discussion 382–373

9. Fietsam R Jr, Villalba M, Glover JL, Clark K. Intra-abdominal 
compartment syndrome as a complication of ruptured 
abdominal aortic aneurysm repair. Am Surg 1989;55:396–402

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

11. Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, Malbrain 
MLNG, De Keulenaer B et al. Intra-abdominal hypertension 
and the abdominal compartment syndrome: updated 
consensus definitions and clinical practice guidelines from 
the World Society of the Abdominal Compartment 
Syndrome. Intensive Care Med 2013;39:1190–1206

12. Björck M, Bruhin A, Cheatham M, Hinck D, Kaplan M, Manca G 
et al. Classification–important step to improve management of 
patients with an open abdomen. World J Surg 2009;33:1154–1157

13. Björck M, Kirkpatrick AW, Cheatham M, Kaplan M, Leppäniemi 
A, De Waele JJ. Amended classification of the open abdomen. 
Scand J Surg 2016;105:5–10

14. Bjarnason T, Montgomery A, Acosta S, Petersson U. Evaluation 
of the open abdomen classification system: a validity and 
reliability analysis. World J Surg 2014;38:3112–3124

15. Roberts DJ. Applications of damage control surgery in modern 
civilian trauma care. In: Duchesne J, Inaba K, Khan M (eds.), 
Damage Control in Trauma Care: An Evolving Comprehensive Team 
Approach. Berlin: Springer International Publishing, 2018, 9–24

16. Roberts DJ, Stelfox HT, Moore LJ, Cotton BA, Holcomb JB, 
Harvin JA. Accuracy of published indications for predicting 
use of damage control during laparotomy for trauma. J Surg 
Res 2020;248:45–55

17. Roberts DJ, Bobrovitz N, Zygun DA, Kirkpatrick AW, Ball CG, 
Faris PD et al. Evidence for use of damage control surgery and 
damage control interventions in civilian trauma patients: a 
systematic review. World J Emerg Surg 2021;16:10

18. Roberts DJ, Zygun DA, Faris PD, Ball CG, Kirkpatrick AW, 
Stelfox HT. Opinions of practicing surgeons on the 
appropriateness of published indications for use of damage 
control surgery in trauma patients: an international 
cross-sectional survey. J Am Coll Surg 2016;223:515–529

19. Roberts DJ, Bobrovitz N, Zygun DA, Ball CG, Kirkpatrick AW, 
Faris PD et al. Indications for use of damage control surgery 
and damage control interventions in civilian trauma patients: 
a scoping review. J Trauma Acute Care Surg 2015;78:1187–1196

20. Roberts DJ, Zygun DA, Kirkpatrick AW, Ball CG, Faris PD, 
Bobrovitz N et al. A protocol for a scoping and qualitative 
study to identify and evaluate indications for damage control 
surgery and damage control interventions in civilian trauma 
patients. BMJ Open 2014;4:e005634

21. Roberts DJ, Bobrovitz N, Zygun DA, Ball CG, Kirkpatrick AW, 
Faris PD et al. Indications for use of damage control surgery 

in civilian trauma patients: a content analysis and expert 

appropriateness rating study. Ann Surg 2016;263:1018–1027
22. Kirkpatrick AW, Coccolini F, Ansaloni L, Roberts DJ, Tolonen M, 

McKee JL et al. Closed or open after source control laparotomy 
for severe complicated intra-abdominal sepsis (the COOL trial): 
study protocol for a randomized controlled trial. World J Emerg 
Surg 2018;13:26

23. Clements TW, Tolonen M, Ball CG, Kirkpatrick AW. Secondary 
peritonitis and intra-abdominal sepsis: an increasingly global 
disease in search of better systemic therapies. Scand J Surg 
2021;110:139–149

24. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, 
Annane D, Bauer M et al. The third international consensus 
definitions for sepsis and septic shock (sepsis-3). JAMA 2016; 
315:801–810

25. Kirkpatrick AW, Hamilton DR, McKee JL, MacDonald B, Pelosi P, 
Ball CG et al. Do we have the guts to go? The abdominal 
compartment, intra-abdominal hypertension, the human 
microbiome and exploration class space missions. Can J Surg 
2020;63:E581–E593

26. Zhao HB, Jia L, Yan QQ, Deng Q, Wei B. Effect of Clostridium 
butyricum and butyrate on intestinal barrier functions: study 
of a rat model of severe acute pancreatitis with 
intra-abdominal hypertension. Front Physiol 2020;11:561061

27. Zhao Z, Guo Z, Yin Z, Qiu Y, Zhou B. Gut microbiota was 
involved in the process of liver injury during intra-abdominal 
hypertension. Front Physiol 2021;12:790182

28. Gasser E, Rezaie D, Gius J, Lorenz A, Gehwolf P, Perathoner A 
et al. Lessons learned in 11 years of experience with open 
abdomen treatment with negative-pressure therapy for 
various abdominal emergencies. Front Surg 2021;8:632929

29. Sartelli M, Abu-Zidan FM, Ansaloni L, Bala M, Beltrán MA, Biffl 
WL et al. The role of the open abdomen procedure in managing 
severe abdominal sepsis: WSES position paper. World J Emerg 
Surg 2015;10:35

30. Coccolini F, Roberts D, Ansaloni L, Ivatury R, Gamberini E, 
Kluger Y et al. The open abdomen in trauma and non-trauma 
patients: WSES guidelines. World J Emerg Surg 2018;13:7

31. Tellor B, Skrupky LP, Symons W, High E, Micek ST, Mazuski JE. 
Inadequate source control and inappropriate antibiotics are key 
determinants of mortality in patients with intra-abdominal 
sepsis and associated bacteremia. Surg Infect (Larchmt) 2015;16: 
785–793

32. Wu XW, Zheng T, Hong ZW, Ren HJ, Wu L, Wang GF et al. 
Current progress of source control in the management of 
intra-abdominal infections. Chin J Traumatol 2020;23:311–313

33. Yamamoto T, Umegae S, Matsumoto K, Saniabadi AR. 
Peritoneal cytokines as early markers of peritonitis following 
surgery for colorectal carcinoma: a prospective study. 
Cytokine 2011;53:239–242

34. Kubiak BD, Albert SP, Gatto LA, Snyder KP, Maier KG, Vieau CJ 
et al. Peritoneal negative pressure therapy prevents multiple 
organ injury in a chronic porcine sepsis and ischemia/ 
reperfusion model. Shock 2010;34:525–534

35. Kirkpatrick AW, Roberts DJ, Faris PD, Ball CG, Kubes P, Tiruta C 
et al. Active negative pressure peritoneal therapy after 
abbreviated laparotomy: the intraperitoneal vacuum 
randomized controlled trial. Ann Surg 2015;262:38–46

36. Roberts DJ, Jenne CN, Ball CG, Tiruta C, Léger C, Xiao Z et al. Efficacy 
and safety of active negative pressure peritoneal therapy for 
reducing the systemic inflammatory response after damage 
control laparotomy (the intra-peritoneal vacuum trial): study 
protocol for a randomized controlled trial. Trials 2013;14:141

14 | BJS Open, 2023, Vol. 7, No. 5



37. Tolonen M, Coccolini F, Ansaloni L, Sartelli M, Roberts DJ, 

McKee JL et al. Getting the invite list right: a discussion of 
sepsis severity scoring systems in severe complicated 
intra-abdominal sepsis and randomized trial inclusion 
criteria. World J Emerg Surg 2018;13:17

38. Kirkpatrick AW, Coccolini F, Tolonen M, Minor S, Catena F, Gois 
E et al. The unrestricted global effort to complete the COOL 
trial. World J Emerg Surg 2023;18:33

39. Acosta S, Kärkkäinen J. Open abdomen in acute mesenteric 
ischemia. Anaesthesiol Intensive Ther 2019;51:159–162

40. Dick F, Erdoes G, Opfermann P, Eberle B, Schmidli J, von Allmen 
RS. Delayed volume resuscitation during initial management 
of ruptured abdominal aortic aneurysm. J Vasc Surg 2013;57: 
943–950

41. Hamilton H, Constantinou J, Ivancev K. The role of permissive 
hypotension in the management of ruptured abdominal aortic 
aneurysms. J Cardiovasc Surg (Torino) 2014;55:151–159

42. Moreno DH, Cacione DG, Baptista-Silva JC. Controlled 
hypotension versus normotensive resuscitation strategy for 
people with ruptured abdominal aortic aneurysm. Cochrane 
Database Syst Rev 2018;6:CD011664

43. Roberts K, Revell M, Youssef H, Bradbury AW, Adam DJ. 
Hypotensive resuscitation in patients with ruptured abdominal 
aortic aneurysm. Eur J Vasc Endovasc Surg 2006;31:339–344

44. Ersryd S, Djavani-Gidlund K, Wanhainen A, Björck M. Editor’s 
choice—abdominal compartment syndrome after surgery for 
abdominal aortic aneurysm: a nationwide population based 
study. Eur J Vasc Endovasc Surg 2016;52:158–165

45. Pedro SÁ, Oliveira-Pinto J, Mansilha A. Abdominal 
compartment syndrome after r-EVAR: a systematic review 
with meta-analysis on incidence and mortality. Int Angiol 
2020;39:411–421

46. Ersryd S, Baderkhan H, Djavani Gidlund K, Björck M, Gillgren P, 
Bilos L et al. Risk factors for abdominal compartment syndrome 
after endovascular repair for ruptured abdominal aortic 

aneurysm: a case control study. Eur J Vasc Endovasc Surg 2021; 
62:400–407

47. Ersryd S, Djavani Gidlund K, Wanhainen A, Smith L, Björck M. 
Editor’s choice—abdominal compartment syndrome after 
surgery for abdominal aortic aneurysm: subgroups, risk 
factors, and outcome. Eur J Vasc Endovasc Surg 2019;58:671–679

48. Karkos CD, Menexes GC, Patelis N, Kalogirou TE, Giagtzidis IT, 
Harkin DW. A systematic review and meta-analysis of 
abdominal compartment syndrome after endovascular repair of 
ruptured abdominal aortic aneurysms. J Vasc Surg 2014;59:829–842

49. Adkar SS, Turley RS, Benrashid E, Cox MW, Mureebe L, Shortell 
CK. Laparotomy during endovascular repair of ruptured 
abdominal aortic aneurysms increases mortality. J Vasc Surg 
2017;65:356–361

50. Leclerc B, Salomon Du Mont L, Besch G, Rinckenbach S. How to 
identify patients at risk of abdominal compartment syndrome 
after surgical repair of ruptured abdominal aortic aneurysms 
in the operating room: a pilot study. Vascular 2017;25:472–478

51. Holodinsky JK, Roberts DJ, Ball CG, Blaser A, Starkopf J, Zygun 
DA et al. Risk factors for intra-abdominal hypertension and 
abdominal compartment syndrome among adult intensive 
care unit patients: a systematic review and meta-analysis. 
Crit Care 2013;17:R249

52. Roberts DJ, Ball CG, Kirkpatrick AW. Increased pressure within 
the abdominal compartment: intra-abdominal hypertension 
and the abdominal compartment syndrome. Curr Opin Crit 
Care 2016;22:174–185

53. DeCarlo C, Boitano LT, Latz CA, Kim Y, Mohapatra A, Mohebali J 
et al. Derivation and validation of a risk score for abdominal 

compartment syndrome after endovascular aneurysm repair 

for ruptured abdominal aortic aneurysms. Ann Vasc Surg 
2022;84:47–54

54. Smidfelt K, Nordanstig J, Wingren U, Bergström G, Langenskiöld 
M. Routine open abdomen treatment compared with 
on-demand open abdomen or direct closure following open 
repair of ruptured abdominal aortic aneurysms: a propensity 
score-matched study. SAGE Open Med 2019;7:2050312119833501

55. Acosta S, Wanhainen A, Björck M. Temporary abdominal 
closure after abdominal aortic aneurysm repair: a systematic 
review of contemporary observational studies. Eur J Vasc 
Endovasc Surg 2016;51:371–378

56. Acosta S, Seternes A, Venermo M, Vikatmaa L, Sörelius K, 
Wanhainen A et al. Open abdomen therapy with vacuum and 
mesh mediated fascial traction after aortic repair: an 
international multicentre study. Eur J Vasc Endovasc Surg 
2017;54:697–705

57. Husu HL, Leppäniemi AK, Lehtonen TM, Puolakkainen PA, 
Mentula PJ. Short- and long-term survival after severe acute 
pancreatitis: a retrospective 17 years’ cohort study from a 
single center. J Crit Care 2019;53:81–86

58. van Brunschot S, Schut AJ, Bouwense SA, Besselink MG, Bakker 
OJ, van Goor H et al. Abdominal compartment syndrome in 
acute pancreatitis: a systematic review. Pancreas 2014;43:665–674

59. De Waele JJ. Abdominal compartment syndrome in severe 
acute pancreatitis—when to decompress? Eur J Trauma Emerg 
Surg 2008;34:11–16

60. Ke L, Tong ZH, Ni HB, Ding WW, Sun JK, Li WQ et al. The effect of 
intra-abdominal hypertension incorporating severe acute 
pancreatitis in a porcine model. PLoS One 2012;7:e33125

61. Leppäniemi A, Mentula P, Hienonen P, Kemppainen E. 
Transverse laparostomy is feasible and effective in the 
treatment of abdominal compartment syndrome in severe 
acute pancreatitis. World J Emerg Surg 2008;3:6

62. Husu HL, Leppäniemi AK, Mentula PJ. Who would benefit from 

open abdomen in severe acute pancreatitis?—A matched 
case-control study. World J Emerg Surg 2021;16:32

63. Smit M, Buddingh KT, Bosma B, Nieuwenhuijs VB, Hofker HS, 
Zijlstra JG. Abdominal compartment syndrome and 
intra-abdominal ischemia in patients with severe acute 
pancreatitis. World J Surg 2016;40:1454–1461

64. Mentula P, Hienonen P, Kemppainen E, Puolakkainen P, 
Leppäniemi A. Surgical decompression for abdominal 
compartment syndrome in severe acute pancreatitis. Arch 
Surg 2010;145:764–769

65. Cheatham ML, Safcsak K. Percutaneous catheter 
decompression in the treatment of elevated intraabdominal 
pressure. Chest 2011;140:1428–1435

66. Borraez OA. [Abdom, en abierto: utilizacion del polvinilo.] Rev 
Colomb Cir 2001;16:39–43

67. Roberts DJ, De Waele J, Kirkpatrick AW, Malbrain ML. 
Intra-abdominal hypertension and the abdominal 
compartment syndrome. In: Gravlee GP, Davis RF, Hammon 
JW, Kussman BD (eds.), Surgical Intensive Care Medicine (3rd 
ed.). Cham: Springer International Publishing, 2016, 621–644

68. Wittmann DH, Bergstein JM, Aprahamian C. Etappenlavage for 
diffuse peritonitis. Beitr Anäst Intensivemed 1989;30:199–221

69. Barker DE, Kaufman HJ, Smith LA, Ciraulo DL, Richart CL, 
Burns RP. Vacuum pack technique of temporary abdominal 
closure: a 7-year experience with 112 patients. J Trauma 2000; 
48:201–206; discussion 206–207

70. Mahoney EJ, Bugaev N, Appelbaum R, Goldenberg-Sandau A, 
Baltazar GA, Posluszny J et al. Management of the open 
abdomen: a systematic review with meta-analysis and practice 

Roberts et al. | 15



management guideline from the Eastern Association for 

the Surgery of Trauma. J Trauma Acute Care Surg 2022;93: 
e110–e118

71. Petersson U, Acosta S, Björck M. Vacuum-assisted wound 
closure and mesh-mediated fascial traction–a novel 
technique for late closure of the open abdomen. World J Surg 
2007;31:2133–2137

72. Cheng Y, Wang K, Gong J, Liu Z, Gong J, Zeng Z et al. Negative 
pressure wound therapy for managing the open abdomen in 
non-trauma patients. Cochrane Database Syst Rev 2022;5:CD013710

73. Atema JJ, Gans SL, Boermeester MA. Systematic review and 
meta-analysis of the open abdomen and temporary 
abdominal closure techniques in non-trauma patients. World 
J Surg 2015;39:912–925

74. Cristaudo A, Jennings S, Gunnarsson R, DeCosta A. 
Complications and mortality associated with temporary 
abdominal closure techniques: a systematic review and 
meta-analysis. Am Surg 2017;83:191–216

75. Rasilainen SK, Mentula PJ, Leppäniemi AK. Vacuum and 
mesh-mediated fascial traction for primary closure of the 
open abdomen in critically ill surgical patients. Br J Surg 2012; 
99:1725–1732

76. Acosta S, Bjarnason T, Petersson U, Pålsson B, Wanhainen A, 
Svensson M et al. Multicentre prospective study of fascial 
closure rate after open abdomen with vacuum and 
mesh-mediated fascial traction. Br J Surg 2011;98:735–743

77. Petersson P, Petersson U. Dynamic fascial closure with 
vacuum-assisted wound closure and mesh-mediated fascial 
traction (VAWCM) treatment of the open abdomen–an 
updated systematic review. Front Surg 2020;7:577104

78. Berrevoet F, Lampaert S, Singh K, Jakipbayeva K, van Cleven S, 
Vanlander A. Early initiation of a standardized open abdomen 
treatment with vacuum assisted mesh-mediated fascial 
traction achieves best results. Front Surg 2020;7:606539

79. Rasilainen S, Mentula P, Salminen P, Koivukangas V, Hyöty M, 

Mäntymäki LM et al. Superior primary fascial closure rate and 
lower mortality after open abdomen using negative pressure 
wound therapy with continuous fascial traction. J Trauma 
Acute Care Surg 2020;89:1136–1142

80. Willms AG, Schwab R, von Websky MW, Berrevoet F, Tartaglia 
D, Sörelius K et al. Factors influencing the fascial closure rate 
after open abdomen treatment: results from the European 
Hernia Society (EuraHS) registry: surgical technique matters. 
Hernia 2022;26:61–73

81. Roberts DJ, Zygun DA, Grendar J, Ball CG, Robertson HL, Ouellet 
JF et al. Negative-pressure wound therapy for critically ill 
adults with open abdominal wounds: a systematic review. J 
Trauma Acute Care Surg 2012;73:629–639

82. Cheatham ML, Demetriades D, Fabian TC, Kaplan MJ, Miles 
WS, Schreiber MA et al. Prospective study examining clinical 
outcomes associated with a negative pressure wound 
therapy system and Barker’s vacuum packing technique. 
World J Surg 2013;37:2018–2030

83. Coccolini F, Montori G, Ceresoli M, Catena F, Moore EE, Ivatury 
R et al. The role of open abdomen in non-trauma patient: WSES 
consensus paper. World J Emerg Surg 2017;12:39

84. Chiara O, Cimbanassi S, Biffl W, Leppaniemi A, Henry S, Scalea 
TM et al. International consensus conference on open abdomen 
in trauma. J Trauma Acute Care Surg 2016;80:173–183

85. Diaz JJ, Cullinane DC, Dutton WD, Jerome R, Bagdonas R, 
Bilaniuk JO et al. The management of the open abdomen in 
trauma and emergency general surgery: part 1-damage 
control. J Trauma 2010;68:1425–1438

86. López-Cano M, García-Alamino JM, Antoniou SA, Bennet D, 

Dietz UA, Ferreira F et al. EHS clinical guidelines on the 
management of the abdominal wall in the context of the 
open or burst abdomen. Hernia 2018;22:921–939

87. Zakaria el R, Spain DA, Harris PD, Garrison RN. Generalized 
dilation of the visceral microvasculature by peritoneal 
dialysis solutions. Perit Dial Int 2002;22:593–601

88. Garrison RN, Zakaria el R. Peritoneal resuscitation. Am J Surg 
2005;190:181–185

89. Smith JW, Garrison RN, Matheson PJ, Franklin GA, Harbrecht 
BG, Richardson JD. Direct peritoneal resuscitation accelerates 
primary abdominal wall closure after damage control 
surgery. J Am Coll Surg 2010;210:658–664

90. Smith JW, Matheson PJ, Franklin GA, Harbrecht BG, Richardson 
JD, Garrison RN. Randomized controlled trial evaluating the 
efficacy of peritoneal resuscitation in the management of 
trauma patients undergoing damage control surgery. J Am 
Coll Surg 2017;224:396–404

91. Edwards JD, Quinn SA, Burchette M, Irish W, Poulin N, Toschlog 
EA. Direct peritoneal resuscitation in trauma patients results 
in similar rates of intra-abdominal complications. Surg Infect 
(Larchmt) 2022;23:113–118

92. Ribeiro-Junior MAF, Costa CTK, de Souza Augusto S, Néder PR, 
Elia YGB, Rattan R et al. The role of direct peritoneal 
resuscitation in the treatment of hemorrhagic shock after 
trauma and in emergency acute care surgery: a systematic 
review. Eur J Trauma Emerg Surg 2022;48:791–797

93. Balogh ZJ, Lumsdaine W, Moore EE, Moore FA. Postinjury 
abdominal compartment syndrome: from recognition to 
prevention. Lancet 2014;384:1466–1475

94. Glaser J, Vasquez M, Cardarelli C, Dunne J, Elster E, Hathaway E 
et al. Ratio-driven resuscitation predicts early fascial closure in 
the combat wounded. J Trauma Acute Care Surg 2015;79:S188–S192

95. Chabot E, Nirula R. Open abdomen critical care management 
principles: resuscitation, fluid balance, nutrition, and ventilator 

management. Trauma Surg Acute Care Open 2017;2:e000063
96. Beale EW, Janis JE, Minei JP, Elliott AC, Phelan HA. Predictors of 

failed primary abdominal closure in the trauma patient with 
an open abdomen. South Med J 2013;106:327–331

97. Dubose JJ, Scalea TM, Holcomb JB, Shrestha B, Okoye O, Inaba K 
et al. Open abdominal management after damage-control 
laparotomy for trauma: a prospective observational American 
Association for the Surgery of Trauma multicenter study. J 
Trauma Acute Care Surg 2013;74:113–120; discussion 1120–1122

98. Hatch QM, Osterhout LM, Ashraf A, Podbielski J, Kozar RA, 
Wade CE et al. Current use of damage-control laparotomy, 
closure rates, and predictors of early fascial closure at the 
first take-back. J Trauma 2011;70:1429–1436

99. Pommerening MJ, DuBose JJ, Zielinski MD, Phelan HA, Scalea 
TM, Inaba K et al. Time to first take-back operation predicts 
successful primary fascial closure in patients undergoing 
damage control laparotomy. Surgery 2014;156:431–438

100. Huang Q, Zhao R, Yue C, Wang W, Zhao Y, Ren J et al. Fluid volume 
overload negatively influences delayed primary facial closure in 
open abdomen management. J Surg Res 2014;187:122–127

101. Teixeira PG, Inaba K, Dubose J, Salim A, Brown C, Rhee P et al. 
Enterocutaneous fistula complicating trauma laparotomy: a 
major resource burden. Am Surg 2009;75:30–32

102. Schecter WP, Hirshberg A, Chang DS, Harris HW, Napolitano 
LM, Wexner SD et al. Enteric fistulas: principles of 
management. J Am Coll Surg 2009;209:484–491

103. Bradley MJ, Dubose JJ, Scalea TM, Holcomb JB, Shrestha B, 
Okoye O et al. Independent predictors of enteric fistula and 

16 | BJS Open, 2023, Vol. 7, No. 5



abdominal sepsis after damage control laparotomy: results 

from the prospective AAST open abdomen registry. JAMA 
Surg 2013;148:947–954

104. D’Hondt M, Devriendt D, Van Rooy F, Vansteenkiste F, D’Hoore 
A, Penninckx F et al. Treatment of small-bowel fistulae in the 
open abdomen with topical negative-pressure therapy. Am J 
Surg 2011;202:e20–e24

105. Marinis A, Gkiokas G, Argyra E, Fragulidis G, Polymeneas G, 
Voros D. “Enteroatmospheric fistulae”–gastrointestinal 
openings in the open abdomen: a review and recent proposal 
of a surgical technique. Scand J Surg 2013;102:61–68

106. Martinez JL, Luque-de-Leon E, Mier J, Blanco-Benavides R, 
Robledo F. Systematic management of postoperative 
enterocutaneous fistulas: factors related to outcomes. World J 
Surg 2008;32:436–443; discussion 444

107. Richter S, Dold S, Doberauer JP, Mai P, Schuld J. Negative 
pressure wound therapy for the treatment of the open 
abdomen and incidence of enteral fistulas: a retrospective 
bicentre analysis. Gastroenterol Res Pract 2013;2013:730829

108. Tavusbay C, Genc H, Cin N, Kar H, Kamer E, Atahan K et al. Use 
of a vacuum-assisted closure system for the management of 
enteroatmospheric fistulae. Surg Today 2015;45:1102–1111

109. Coccolini F, Ceresoli M, Kluger Y, Kirkpatrick A, Montori G, 
Salvetti F et al. Open abdomen and entero-atmospheric 
fistulae: an interim analysis from the International Register 
of Open Abdomen (IROA). Injury 2019;50:160–166

110. Coccolini F, Montori G, Ceresoli M, Catena F, Ivatury R, Sugrue 
M et al. IROA: International Register of Open Abdomen, 
preliminary results. World J Emerg Surg 2017;12:10

111. Byrnes MC, Reicks P, Irwin E. Early enteral nutrition can be 
successfully implemented in trauma patients with an “open 
abdomen”. Am J Surg 2010;199:359–362; discussion 363

112. Chung CK, Whitney R, Thompson CM, Pham TN, Maier RV, 
O’Keefe GE. Experience with an enteral-based nutritional 
support regimen in critically ill trauma patients. J Am Coll 

Surg 2013;217:1108–1117
113. Dissanaike S, Pham T, Shalhub S, Warner K, Hennessy L, Moore 

EE et al. Effect of immediate enteral feeding on trauma patients 
with an open abdomen: protection from nosocomial 
infections. J Am Coll Surg 2008;207:690–697

114. Moore FA, Feliciano DV, Andrassy RJ, McArdle AH, Booth FV, 
Morgenstein-Wagner TB et al. Early enteral feeding, compared 
with parenteral, reduces postoperative septic complications. 
The results of a meta-analysis. Ann Surg 1992;216:172–183

115. Parent BA, Mandell SP, Maier RV, Minei J, Sperry J, Moore EE 
et al. Safety of minimizing preoperative starvation in critically 
ill and intubated trauma patients. J Trauma Acute Care Surg 
2016;80:957–963

116. Reinisch A, Liese J, Woeste G, Bechstein W, Habbe N. A 
retrospective, observational study of enteral nutrition in 
patients with enteroatmospheric fistulas. Ostomy Wound 
Management 2016;62:36–47

117. Yin J, Wang J, Yao D, Zhang S, Mao Q, Kong W et al. Is it feasible to 
implement enteral nutrition in patients with enteroatmospheric 
fistulae? A single-center experience. Nutr Clin Pract 2014;29:656–661

118. Carlson GL, Patrick H, Amin AI, McPherson G, MacLennan G, 
Afolabi E et al. Management of the open abdomen: a national 
study of clinical outcome and safety of negative pressure 
wound therapy. Ann Surg 2013;257:1154–1159

119. Schecter WP, Ivatury RR, Rotondo MF, Hirshberg A. Open 
abdomen after trauma and abdominal sepsis: a strategy for 
management. J Am Coll Surg 2006;203:390–396

120. Willms AG, Schaaf S, Zimmermann N, Schwab R, Güsgen C, Vilz 

TO et al. The significance of visceral protection in preventing 
enteroatmospheric fistulae during open abdomen treatment in 
patients with secondary peritonitis: a propensity score-matched 
case-control analysis. Ann Surg 2021;273:1182–1188

121. Pereira B, Duchesne J, Concon-Filho A, Leppãniemi A. 
Entero-atmospheric fistula migration: a new management 
alternative for complex septic open abdomen. Anaesthesiol 
Intensive Ther 2020;52:56–62

122. Latifi R. Abdominal wall reconstruction in patients with complex 
defects: a nine-step treatment strategy. In: Latifi R (ed.), Surgery of 
Complex Abdominal Wall Defects. Cham: Springer, 2017, 55–76

123. Althubaiti G, Butler CE. Abdominal wall and chest wall 
reconstruction. Plast Reconstr Surg 2014;133:688e–701e

124. Gogna S, Latifi R, Choi J, Con J, Prabhakaran K, Anderson PL et al. 
Early versus delayed complex abdominal wall reconstruction 
with biologic mesh following damage-control surgery. J 
Trauma Acute Care Surg 2021;90:527–534

125. Jones CM, Winder JS, Potochny JD, Pauli EM. Posterior component 
separation with transversus abdominis release: technique, 
utility, and outcomes in complex abdominal wall 
reconstruction. Plast Reconstr Surg 2016;137:636–646

126. Novitsky YW, Elliott HL, Orenstein SB, Rosen MJ. Transversus 
abdominis muscle release: a novel approach to posterior 
component separation during complex abdominal wall 
reconstruction. Am J Surg 2012;204:709–716

127. Leppäniemi A, Tukiainen E. Planned hernia repair and late 
abdominal wall reconstruction. World J Surg 2012;36:511–515

128. Tukiainen E, Leppäniemi A. Reconstruction of extensive 
abdominal wall defects with microvascular tensor fasciae 
latae flap. Br J Surg 2011;98:880–884

129. Harris HW, Primus F, Young C, Carter JT, Lin M, Mukhtar RA 
et al. Preventing recurrence in clean and contaminated 
hernias using biologic versus synthetic mesh in ventral 
hernia repair: the PRICE randomized clinical trial. Ann Surg 

2021;273:648–655
130. Rosen MJ, Krpata DM, Petro CC, Carbonell A, Warren J, Poulose 

BK et al. Biologic vs synthetic mesh for single-stage repair of 
contaminated ventral hernias: a randomized clinical trial. 
JAMA Surg 2022;157:293–301

131. Holihan JL, Askenasy EP, Greenberg JA, Keith JN, Martindale 
RG, Roth JS et al. Component separation vs. bridged repair for 
large ventral hernias: a multi-institutional risk-adjusted 
comparison, systematic review, and meta-analysis. Surg Infect 
(Larchmt) 2016;17:17–26

132. Oprea V, Toma M, Grad O, Bucuri C, Pavel P, Chiorescu S et al. 
The outcomes of open anterior component separation versus 
posterior component separation with transversus abdominis 
release for complex incisional hernias: a systematic review 
and meta-analysis. Hernia 2023;27:503–517

133. Parker SG, Halligan S, Liang MK, Muysoms FE, Adrales GL, 
Boutall A et al. International Classification of Abdominal Wall 
Planes (ICAP) to describe mesh insertion for ventral hernia 
repair. Br J Surg 2020;107:209–217

134. Petro CC, Raigani S, Fayezizadeh M, Rowbottom JR, Klick JC, 
Prabhu AS et al. Permissible intraabdominal hypertension 
following complex abdominal wall reconstruction. Plast 
Reconstr Surg 2015;136:868–881

135. McGuirk M, Kajmolli A, Gachabayov M, Smiley A, Samson 
D, Latifi R. Independent predictors for surgical site 
infections in patients undergoing complex abdominal wall 
reconstruction. Surg Technol Int 2021;38:179–185

Roberts et al. | 17


	The open abdomen in trauma, acute care, and vascular and endovascular surgery: comprehensive, expert, narrative review
	Introduction
	History of the innovation of the open abdomen
	Classification of the open abdomen
	The open abdomen in trauma
	The open abdomen in intra-abdominal sepsis
	The open abdomen in vascular surgical emergencies
	The open abdomen in severe acute pancreatitis
	Temporary abdominal closure and staged abdominal reconstruction methods
	Direct peritoneal resuscitation
	Perioperative resuscitation strategies, intra-abdominal hypertension/abdominal compartment syndrome, and need for the open abdomen
	Enteroatmospheric fistulas and the hostile abdomen
	Abdominal wall reconstruction after open abdomen
	Entering the abdomen
	Adhesiolysis
	Restoring gastrointestinal continuity
	Abdominal wall reconstruction
	Mesh choice
	Mesh placement

	Conclusion
	Funding
	Author contributions
	Disclosure
	References




