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“Study the past if you would define the future” (Confucius,
Chinese philosopher, 551-479 BC)

Background

The management of the open abdomen was introduced in
the English literature by Ogilvie in 1940 [1]. Since then it has
been much debated. Its indication has varied from a last resort
option in abdominal catastrophes to a preferred initial treat-
ment strategy in damage control surgery (DCS) for both trau-
ma and non-trauma patients. Mortality of patients with ab-
dominal sepsis has remained as high as 20-60% [2-5]. Open
abdomen management (OAM) strategies could possibly play
an important role in improving survival in this difficult group
of patients. Its management includes dealing with DCS prin-
ciples, intra-abdominal hypertension/abdominal compartment
syndrome, and complications as bowel fistulization. There are
many techniques described as temporary abdominal closure
(TAC), but none has been proven to be superior. Level one ev-
idence is almost impossible to achieve in this heterogeneous
group of patients and (non-sponsored) published treatment
strategies are scarce. As a result of this lack of evidence, al-
though the principles of OAM seem to be generally accepted, it
has not led to a change of practice. Research in 2006 and 2007
showed that surgeons and ICU staff still did as they had always
done without any institutional policies regarding OAM [6,7].

In our own analysis of 154 patients treated within a 10-year
period with a septic abdomen, we could not prove any benefit
of open abdomen management (unpublished data). However,
this was not because of the procedure itself, but because of a
lack of a systematic approach in the management of this seri-
ous surgical problem. The use of open abdomen (OA) and TAC
techniques is still dependent on the individual surgeon’s deci-
sion and experience and is not standardized. New treatment
protocols are hard to implement and it is difficult to convince
surgeons to perform this surgery differently. This experience
has led us to look back and study the past to see if we could
find more consistent directives for the future.

In this review we present a historical perspective on the evo-
lution of OAM and we propose an OAM algorithm based on
the literature and our own experience. With this algorithm we
aim to establish a reference technique and strategy to accom-
modate further development and research.

Search Strategy and Selection Criteria

Data for this review were identified by a Pub Med search
from 1940 to March 2011. Search terms included “open abdo-

» o«

men”, “management”, “damage control surgery”, “temporary
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abdominal closure”, and “septic abdomen”. In addition, ref-
erences from relevant articles were searched to identify addi-
tional relevant studies. Although we limited the main search
to publications in English and Dutch, frequently cited articles
in other languages were also included. Several review arti-
cles were included because they provide comprehensive his-
torical overviews. Articles focused on pediatric patients only
were excluded, as were articles discussing abdominal wall re-
construction only or the treatment of entero-atmospheric fis-
tulas in general.

The History of Open Abdomen Management

1940-1990

In one of the first known publications in the English litera-
ture on OAM, Ogilvie described the use of a “double sheet of
light canvas or stout cotton cut rather smaller than the de-
fect in the muscles, and sutured into place with interrupted
catgut sutures” in abdominal war wounds that could not be
closed primarily [1]. In other cases, Ogilvie described the use
of Vaseline-impregnated gauze swabs over exposed viscera,
their edges tucked well under those of the defect, after which
the sides of the incision were brought together with strips of
Elastoplast® or stitches. In a later publication, Ogilvie advo-
cated the same technique in the staged treatment of infect-
ed abdominal wounds, leaving the abdomen open after the
initial operation in order to close it only after between 1 to 4
days [8]. In that article he compared the septic abdomen to
any other septic wound, leaving it open to drain and saving
the abdominal wall by not suturing it in order to be able to
close it at a later stage.

It took almost 40 years for further studies on OAM to appear
[9]. Steinberg described the management of 14 patients with
acute generalized peritonitis. After the initial operation, the ab-
domen was left open with gauze packs on the viscera. After 48—
72 hours the packs were removed and wires previously placed
through the abdominal wall were tied. He reported 1 intra-ab-
dominal abscess as a post-operative complication and 1 death
(7%) [9]. A second descriptive study by Duff et al. described
OAM as a last resort treatment of diffuse intra-abdominal sep-
sis when all other treatment options had failed and the abdo-
men could no longer be closed. They observed a mortality rate
of 39% and concluded it was a feasible technique [10]. Others
supported the concept and OAM gradually became accepted
as a technique to achieve adequate drainage of the septic ab-
dominal cavity, thereby decreasing mortality rates from >50%
to about 38% [11-13]. Anderson, however, found a very high
mortality rate of 60% when treating patients with abdominal
sepsis using the same technique as Steinberg [14]. Problems
such as evisceration, entero-atmospheric fistulization, fluid
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loss, and potential contamination, as well as complex wound
management, were also recognized [15-17]. Therefore, OAM
was mostly considered to be a last resort treatment in se-
lected cases of heavily contaminated peritoneal cavities [12].

In this same time period a new technique in dealing with sever
intra-abdominal sepsis was introduced in both the German and
English literature — the so called “etappen lavage” or planned
relaparotomy [18,19]. One of the first publications on planned
relaparotomy versus the more traditional “on-demand” strate-
gy was published by surgeons in Belgium in 1983 [19]. In this
retrospective study, 42 patients were treated with a planned
relaparotomy every 2-3 days until macroscopical abdominal
contamination had cleared. With this new strategy mortality
was reduced from 73% to 36%. It was advocated that planned
relaparatomies should be performed only when adequate de-
bridement could not be achieved. However, planned relaparot-
omy became a generally used technique in every case of septic
abdomen. The abdomen was closed between planned re-ex-
plorations until it could no longer be closed. The open abdo-
men was then packed with gauze (soaked in saline) or sutured
with nonabsorbable mesh to prevent evisceration [11,17,20].
These first techniques of TAC or dressing play an important
role in the development of the main complication of OAM —
the development of entero-atmospheric fistulas, but this was
not yet recognized.

New techniques were introduced to cope with the problems
associated with OAM. These techniques included Marlex® zip-
pers [21,22], plastic bags (the Bogota technique) [23], Velcro
adhesive sheets [24], absorbable mesh [25], and the “sand-
wich technique” [16]. This last technique was a polypropyl-
ene mesh that was sutured to the fascia wall with 2 suction
drains and Op-site® (Smith and Nephew) on top. At the final
stage, povidone-iodine gauze dressings were packed on the
polypropylene mesh and left to granulate [16]. Hedderich et
al. described the use of Marlex® mesh with a zipper, facilitat-
ing re-opening of the abdomen and then closing it again with-
out resuturing the abdominal wall [22]. However, these were
merely small descriptive studies with heterogeneous groups of
patients. The need for stratification and standardization using
scoring systems to better compare results was expressed [11].

Garcia Sabrido et al. conducted one of the first attempts to
prospectively stratify 64 patients with intra-abdominal sep-
sis (IAS) and used a standardized zipper technique [21]. They
found a decreased mortality rate in OAM compared to an es-
timated mortality based on APACHE Il scores. The next year
Ivatury et al. used the same scoring system to add objectivi-
ty but used a different standardized strategy [25]. The disad-
vantages of reported complications such as fistulization and
infection of retained nonabsorbable mesh were now recog-
nized [22,26]. Therefore, they used absorbable mesh instead.
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With this strategy they reported a 74% success rate in eradi-
cating sepsis and again suggested leaving the abdomen open
at the first operation when there was gross contamination [25].

1990-2010
Indications for OAM
Intra-abdominal sepsis

The discussion on planned versus on-demand relaparotomy
strategies continued and characterized the next timeframe.
Whether the abdomen should be left open in between the
planned relaparatomies has only been part of the discussion,
but could be very crucial. Some kept the abdomen closed in
between procedures; others used various TAC techniques such
as retention sutures, slide fasteners, zippers, and Velcro ad-
hesive sheets. Some improved outcome [24,27], but others
could not achieve these positive results [2] or described the
opposite [28]. All studies, however, had major shortcomings
in study design, description of techniques, and complications,
making comparison impossible. This was also the conclusion
of a meta-analysis of the literature in 2002 [29]. Nevertheless,
the combination of planned relaparotomy and OAM remained
a mainstay of the approach of many surgeons to severe intra-
abdominal sepsis (SIAS), with varying results [30-33].

The first randomized trial was published in 2007 and showed
no statistical differences in mortality or morbidity between
patients treated with a planned relaparotomy strategy keep-
ing the abdomen closed as long as possible, compared with
an on-demand strategy [4]. This group did find that the on-
demand group had significant shorter median intensive care
unit stays, shorter median hospital stays, and a significant re-
duction in medical costs. Therefore, they concluded that on-
demand relaparotomy was the preferred surgical treatment
strategy in dealing with SIAS.

Robledo et al. compared open versus closed abdominal man-
agement in 40 patients with severe secondary peritonitis [34].
They found no significant difference in mortality rates (55%
open versus 30% closed). However, the relative risk and odds
ratio for death in the open group (1.83 and 2.85, respective-
ly) led to termination of the study at the first interim analysis.
These 2 randomized trials motivated others to abandon pri-
mary OA approaches [35,36]. However, the results of the lat-
ter study need to be reconsidered when considering the meth-
od of TAC. Robledo et al. used the sandwich technique with
non-absorbable mesh sutured to the fascia (with or without
omentum protecting the bowel), on top of which gauze soaked
in iodine-povidone was placed. By this time, use of this tech-
nique had already been shown to be an unwise strategy, as
described earlier [22,26].
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Table 1. Definitions.
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Open abdomen

IAH grade 1 12-15 mmHg
"""" WHgrade2  16-20mmHg
"""" AHgrade3  21-25mmHg
"""" AHgraded  >25mmHg

Sustained IAP >20 mmHg (with or without an abdominal perfusion pressure

Non-closure of fascia and skin

<60 mmHg) that is associated with new organ dysfunction/failure

Condition in which ACS develops after previous surgical or medical treatment of

Recurrent ACS

primary or secondary ACS

Furthermore, in the on-demand strategy for IAS, the decision
to perform a relaparotomy and its timing are essential. Factors
indicative of progressive or persistent organ failure during ear-
ly postoperative follow-up were shown to be the best indica-
tors for ongoing infection and were associated with positive
findings at relaparotomy [37]. But clear-cut scoring systems
never became available. It therefore remains a difficult deci-
sion that requires an around the clock, dedicated multidisci-
plinary team. Planned relaparotomy has therefore not lost its
indication for selected patients. It seems logical that in these
indications the abdomen is then best left open to preserve the
fascia for later closure.

Abdominal Compartment Syndrome

In the meantime, more interest developed in the importance
of intra-abdominal pressure (IAP) and abdominal compart-
ment syndrome (ACS). In the late 1990s, intra-abdominal hy-
pertension (IAH) and ACS were defined as indicators for OAM
in both trauma and general patients [38,39]. However, it was
clear that not all TAC techniques prevented IAH or the devel-
opment of ACS [39,40]. Therefore, continued monitoring of IAP
and abdominal perfusion pressure (APP) was advised [40,41]
and this still applies to current practice. ACS has been exten-
sively researched and defined by the World Society on the
Abdominal Compartment Syndrome (WSACS). The relevant
definitions have been listed in Table 1. It has become clear
that patients with ACS should undergo urgent decompressive
laparotomy [42]. According to the guidelines published by the
WSACS (www.wsacs.org), Grade 3 and 4 IAH need more urgent
and precise treatment. Sepsis, massive fluid resuscitation, and
massive transfusion were recognized as risk factors of ACS

and predominant causes of increased IAP [43]. Management
of IAH and ACS in both trauma and IAS patients was recently
found to significantly improve survival in a prospective obser-
vational study on 478 patients [44]. In this study they used a
treatment algorithm according to the guidelines of the WSACS
and the use of this algorithm was identified as an indepen-
dent predictor of survival.

Although more than one-third of patients undergoing acute
abdominal general surgery will develop IAH, and one-third of
those will develop ACS [43], a survey in 2009 showed that still
only one-third of surgeons routinely measure IAP [43]. This sit-
uation needs to improve. It is recommended that all patients in
ICU after emergency general surgery or massive fluid resusci-
tation should have IAP measurement performed every 6 hours.

Damage Control Surgery

OAM had been accepted as a strategy in treating intra-abdom-
inal sepsis, but a major change occurred in the 1990s when
the indication spread to a new group of patients. In 1993, the
term damage control surgery (DCS) for trauma patients was
introduced [45]. It was defined as initial control of hemorrhage
and contamination, followed by intra-peritoneal packing and
rapid TAG, allowing for resuscitation to normal physiology in
the intensive care unit and subsequent definitive re-explora-
tion. Although not yet precisely defined in that article, the ‘le-
thal triad of death’, consisting of coagulopathy, acidosis, and
hypothermia, is suggested as a useful guideline indicating
patients who will benefit from this approach. More recently,
the following clinical parameters were defined as guidelines
to consider DCS and OAM: acidosis (pH <7.2), hypothermia
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Table 2. Indications for open abdomen management.

Cases where the abdomen cannot be closed

edema

Facilitation of re-exploration in abdominal sepsis, when
source control hasn’t been accomplished in the initial
operation

Surgeon suspicion for intra abdominal hypertension
e.g. anticipated to require large volume fluid resuscitation
because of shock

Combined group

(temperature <35°C), and clinical coagulopathy or massive
transfusion (>10 units packed RBC) [42,46]. In this first study,
the abdomen was temporarily closed between subsequent
explorations by means of towel clips or sutures to skin and
fascia, or with a prosthetic silo [45]. The rapidly accepted and
applied concept lead to an increase in OAM and, hence, to an
increase in studies on the best TAC technique.

As the same underlying principles seemed to apply to general
surgical patients [47], extending DCS to non-trauma abdomi-
nal surgery was also explored. In 2004 Finlay et al. described
their study on the use of DCS in the management of critically
ill general surgical patients, using early OAM and re-applying
TAC not every 48 hours, but once every 3-5 days [48]. In this
study they observed a mortality rate of 7.1%, which was sig-
nificantly lower than the predicted mortality of 64.5% for sep-
sis and 49.6% for ruptured AAA using POSSUM and P-POSSUM
scores. Although others supported this concept [46,49-51], it
was acknowledged that patients with IAS are significantly less
likely to have fascial closure than trauma patients [49,52]. As
failure to achieve primary fascial closure is associated with
significantly more morbidity and complications, caution in ex-
tending the principle to non-trauma patients was still empha-
sized [53]. Improvements in TAC techniques, however, led to
higher fascial closure rates [54]. Recent studies have indeed
shown DCS to be a feasible technique in patients with gener-
alized peritonitis [55,56].

Thus, 70 years after its first introduction, the indications for
OAM had evolved from intra-abdominal sepsis to DCS and
IAH in trauma as well as in emergency and vascular surgery.
A summary of its indications is listed in Table 2.
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Table 3. Ideal features of the temporary abdominal closure
device (TAQ).

Preserve the integrity of the abdominal wall and support final
closure

Prevent adherence of the viscera to the abdominal wall and
closure material

Allow patient transport

Temporary Abdominal Closure (TAC)
Techniques

With time it has become clear that the final result of OAM is
also associated with the design and materials used for TAC. The
ideal features of the perfect TAC device are listed in Table 3.
Nursing problems, controlling fluid loss, and preventing inju-
ry to the viscera were considered as most important. From
the early 2000s onwards, a new problem with OAM was rec-
ognized: the resulting large ventral abdominal wall hernias.
In the existing treatment strategies, the abdomen needed to
be closed within a window of 5-7 days, otherwise it was con-
sidered unlikely to close at all. In these cases, a planned ven-
tral hernia was created by placing split skin grafts on the vis-
cera with or without a mesh. Abdominal wall reconstruction
was planned several months later. This procedure has obvi-
ous disadvantages, with high morbidity and a negative effect
on quality of life [57]. Failure to primarily close the abdomen
is also associated with a significantly higher risk for entero-
atmospheric fistula [58]. The ideal TAC device, therefore, not
only needs to prevent loss of abdominal domain but also to
preserve the fascia/abdominal wall integrity to achieve better
primary fascial closure rates [59]. It should also prevent IAH
or the development of ACS [39,40].

When during OAM it is necessary to place (temporary) stomas,
they should be placed as laterally as possible to allow maxi-
mal medial mobility of the abdominal wall during closure of
the OA [60,61].
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Many different techniques have been introduced during the
past 10 years. Numerous reports exist on all these different
techniques [38,39,62-69], but patient groups remained small,
with a high heterogeneity in both patients and diseases, mak-
ing comparison of techniques and outcome impossible. This
problem was also recognized by Boele van Hensbroek et al.
in their systematic review including 51 studies through 2008
[52]. They found no randomized controlled trials or other com-
parative studies, limiting the level of evidence of their results.
Therefore, their observation that the highest fascial closure
rates were seen in the artificial bur (90%), dynamic retention
sutures (DRS) (85%), and V.A.C.° (60%) and the lowest mortali-
ty rates were seen in the artificial bur (17%), V.A.C® (18%), and
DRS (23%), must be interpreted with great care. Even so, this
study should be regarded as the best available level of evidence.

The most important TAC techniques will be discussed here.

Negative Pressure Therapy Techniques

Vacuum pack technique

Brock introduced the vacuum pack technique in 1995 [62]. It
was the first technique that used vacuum and has remained
until now one of the preferred techniques, if not the current
standard of care [42]. It consists of a 3-layer construction: a fe-
nestrated polyethylene sheet between the abdominal viscera
and the anterior parietal peritoneum; a moist, surgical towel
over the sheet with 2 suction drains; and an adhesive drape
over the entire wound, including a wide margin of surrounding
skin. The drains are then connected to wall suction, providing
100-150 mmHg continuous negative pressure. One of the main
advantages is that it prevents injury to the abdominal wall by
not suturing it, preserving it for later closure [10,16,62]. It also
is safe, inexpensive, and controls fluid loss. The use of a sterile
surgical gown or gauzes wrapped in adhesive drape instead of
the fenestrated polyethylene sheet has also been reported [70].
A disadvantage of the technique is that the prevention of loss
of abdominal domain seems limited. In a systematic review,
vacuum pack showed a 52% primary fascial closure rate [52].

Vacuum-assisted closure and V.A.C.®

To achieve higher fascial closure rates, a modification of the
vacuum pack was described by Garner et al. and Miller et al:
the vacuum-assisted fascial closure (VAFC) or vacuum-as-
sisted wound closure (VAWC) [71,72]. This system resembles
the later developed commercially available V.A.C.® Abdominal
Dressing System (KCI, USA). In these first studies, they used a
polyurethane sponge (fabricated by KCI Medical) over a non-
adhesive polyethylene sheet and used a special pump as the
vacuum source instead of wall suction. They also attempted
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partial suturing of the abdominal wall, placing sutures at the
proximal and distal edges after each procedure, and subse-
quently used smaller pieces of foam. In 2004, the same group
presented the results of a prospective study of 53 trauma pa-
tients treated with VAFC in a standardized treatment algo-
rithm. They achieved an 88% closure rate, of which 48% was
after >9 days (range 3-21 days) [73]. The principles of a pro-
tective, non-adherent layer between fascia and bowel and the
early initiation of partial sutures to achieve higher fascial clo-
sure rates were used by others, achieving high fascial closure
rates of 65-100% [59,74,75]. All literature on V.A.C.2 has re-
cently been critically reviewed by Stevens [76]. Until February
2009 he found 1 randomized controlled trial [77], 3 prospec-
tive studies [67,71,73], and several case studies. He found that
V.A.C® therapy increases successful primary fascial closure
rates up to 21 days (level 3 evidence). Fistulae were report-
ed only in the minority of wounds and he found no evidence
that these are consequential to, as opposed to coincident with,
V.A.C.® use. He did, however, express the need for further stud-
ies on cost/benefit evaluations and we would like to support
this. Subsequent prospective studies also confirmed the use
of V.A.C.® to be safe in sepsis patients [78-80].

Mesh

The sandwich technique and zipper technique

As described earlier, these were some of the first described stan-
dardized techniques with good results [16,21,22,81]. However,
concerns of high fistula rates associated with the placement
of non-absorbable mesh placed on unprotected viscera limit-
ed general adoption of these techniques [38,82].

Artificial bur device or Wittmann Patch®

The previously described Velcro adhesive sheet technique was
first described in 1990 [24,83] and improved into the commer-
cially available Wittmann-Patch® (NovoMedicus, Germany). It
consists of 2 adhering sheets of biocompatible polymeric ma-
terial with hooks on one side and a meshwork of loops on
the other. The sheets are sutured to opposite fascial edges;
to close the abdomen, the overlapping sheets are compressed
to stick together. The sheets are covered by a surgical towel, a
suction tube, and an adherent plastic drape. The suction tube
is connected to a suction source to create negative pressure.
The sheets can be easily pulled apart to allow for re-explora-
tion and tightened every time to allow for gradual closure of
the abdominal wall. In a systematic review, it had the highest
fascial closure rate (90%) [52].

The use of other prosthetic mesh such as GORE-TEX®
DUALMESH® has also been reported in some studies [84].
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However, it is a costly technique that does not preserve the
fascia. The use of biological prostheses such as acellular der-
mal matrix can be used to close remaining small abdominal
wall defects after OAM [60,61,85,86].

In general, primary fascial closure within the initial admission
is associated with the best outcome [59]. In order to achieve
this, a non-adherent layer should be placed between the vis-
cera and the abdominal wall, preventing adhesions and pre-
serving the peritoneal space and abdominal wall [25,86,87]. At
every subsequent procedure, partial sutures of the abdominal
wall at the proximal and distal edges should be attempted, but
not under tension [59,60,73-75]. A source of vacuum should be
used to control fluid loss and possibly aid in prevention of ab-
dominal domain [60]. Gauze and non-absorbable mesh placed
directly on the bowels are associated with the occurrence of
entero-atmospheric fistulas (up to 75%) [42]. Therefore, per-
manent mesh (e.g., polypropylene) or gauze should not be used
in direct contact with the viscera [60,61,88,89].

The Bogota Bag

Suturing a 3-L urologic irrigation bag to the fascia or skin was
first used simultaneously in several institutions in Colombia in
1984 [90]. It became known worldwide when published in the
English literature after Feliciano [91] and Mattox [90] observed
Oswaldo Borraez using the technique in Bogota, Colombia. The
technique was named ‘the Bogota bag’ [23,92,93]. This tech-
nique, however, does not preserve the fascia and might not
prevent IAH [89]. In a systematic review, it showed a weighted
mortality rate of 41% [52]. Several modifications of the tech-
nique have therefore been reported, including the use of dou-
ble sheets and suction tubes, with good results [94-97] but
continuous IAP measurement is necessary.

Dynamic Retention Sutures (DRS)

To further improve fascial closure rates, combinations of tech-
niques combined with retention sutures as well as specially
designed dynamic retention suture systems (e.g., ABRA®) have
been studied. An RCT comparing a combination of V.A.C® and
retention sutures with V.A.C® alone in a total of 30 patients
with abdominal sepsis was done by Pliakos et al. [98]. They
achieved significantly higher closure rates in patients treated
with the combination (93.3%). However, their results are lim-
ited by the small study group and lack of long-term follow-up.
A prospective analysis of a combination of V.A.C.® and mesh-
mediated fascial traction was described in 111 patients (trau-
ma and non-trauma). They achieved fascial closure rates of
76.6% in intention-to-treat analysis and 89% in per-protocol
analysis. They had a 7.2% fistula rate and a 29.7% in-hospital
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Table 4. Classifications of open abdomens (OA).

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

Grade 1B Contaminated OA without adherence/ fixity

Grade 2A  Clean OA developing adherence/ fixity

Grade 2B Contaminated OA developing adherence/ fixity

Grade 3 OA complicated by fistula formation

Grade 4 Frozen OA with adherent/ fixed bowel, unable to

close surgically, with or without fistula

mortality rate. Intestinal fistula was an independent factor as-
sociated with failure of fascial closure. Age and failure of fascial
closure were independently associated with in-hospital mor-
tality [54]. The ABRA® system was described by Reimer et al.
[99], who achieved a delayed fascial closure rate of 61% start-
ing an average of no less than 18 days after the initial opera-
tion. They did, however, have a 26% hernia rate in follow-up.

In conclusion, a combination of techniques including retention
sutures and vacuum seems to increase delayed fascial closure
rates. Care must be taken to preserve the abdominal wall and
prevent IAH in using these techniques.

Conclusions

In this review we have given a historical perspective on the
evolvement of OAM. Over the years it has developed from a
last resort treatment strategy in abdominal catastrophes to a
preferred treatment strategy in ACS and DCS in trauma and
non-trauma patients. It is likely to further decrease mortality
in critically ill or injured patients. It also poses great challeng-
es in dealing with morbidity due to entero-atmospheric fistu-
las and abdominal wall hernias. The treatment of these fistu-
las and abdominal wall reconstruction are beyond the scope
of this review. However, it is clear that the main goal of OAM
is to preserve abdominal domain and prevent fistulization to
achieve primary fascial closure. The technique of TAC is there-
fore very important in keeping complications as low as pos-
sible. A combination of vacuum techniques and retention su-
tures may achieve the highest delayed fascial closure rates.
But above all, preventing and treating ongoing MOF in these
patients necessitates a dedicated multidisciplinary team.

In our own experience OAM is currently still mostly used with-
out sound indications and rational and using a large variety
of non-standardized home-made TAC techniques. As a result,
improvement in care of the critically ill or injured patients
with OAM is hard to prove or implement. Standardization of
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Figure 1. Open abdomen management
algorithm.
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indications, techniques, and uniform definitions will facilitate
and better validate further research. Bjorck et al. have started
with proposing a classification system of OA, which is shown
in Table 4 [47]. Based on historical experience as presented
in the literature, we propose the OAM algorithm shown in
Figure 1. We chose the vacuum pack as an initial primary TAC
device because it is cheap, safe, and considered as the current
standard of care. Intra-abdominal pressures should be mea-
sured every 6 hours. When there is an indication for continued
OAM after 24-72 hours, the focus should be on maintaining
abdominal wall integrity by using one of the described tech-
niques. The mentioned timeframe of 5-9 days is of course ar-
bitrary, but in our experience it usually becomes clear in this

This work is licensed under a Creative Commons
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time period whether early primary closure will be successful
or not. If one is able to prevent loss of domain beyond this
time frame with the techniques described (NPT with dynam-
ic sutures, absorbable mesh with a protective barrier or the
Wittman patch), in some cases primary fascial closure can still
be achieved after 10 days. If not, the residual fascial defect
probably has to be closed with mesh (biological or prosthet-
ic), split skin grafts, component parts separation techniques,
or a combination of these.

By proposing this algorithm we hope to offer a more stan-
dardized management strategy and a tool for use in dealing
with this difficult group of patients. Above all, we hope that
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this algorithm can contribute to putting the potentially worth-
while technique of the open abdomen in a clear perspective
to further facilitate research. We are sure that the technique
of OAM will then prove its worth.
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