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Abstract

Background The open abdomen has become an accepted
treatment option of critically ill patients with severe intra-
abdominal conditions. Fascial closure is a particular challenge
in patients with peritonitis. This study investigates whether
fascial closure rates can be increased in peritonitis patients by
using an algorithm that combines vacuum-assisted wound
closure and mesh-mediated fascial traction. Moreover, fascial
closure rates for patients with peritonitis, trauma or abdominal
compartment system (ACS) are compared.

Methods Data were collected prospectively from all patients
who underwent open abdomen management at our institu-
tion from 2006 to 2012. All patients were treated under a
standardised algorithm that combines vacuum-assisted closure
and mesh placement at the fascial level.

Results During the study period, 53 patients (mean age
53 years) underwent open abdomen management for a mean
duration of 15 days. Indications for leaving the abdomen open
were peritonitis (51 %), trauma (26 %), and ACS or abdom-
inal wall dehiscence (23 %). The fascial closure rate was 79 %
in an intention-to-treat analysis and 89 % in a per-protocol
analysis. Mortality was 13 %. No patient developed an
enteroatmospheric fistula or abdominal wall dehiscence after
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closure. The mean duration of treatment was significantly
longer in peritonitis patients (20 days) than in patients without
peritonitis (10 days) (p=0.03). There were no significant
differences in fascial closure rates between patients with peri-
tonitis (87 %), trauma (85 %), and ACS or abdominal wall
dehiscence (100 %) (p=0.647).

Conclusions Regardless of the underlying pathology, high
fascial closure rates can be achieved using a combination of
vacuum-assisted closure and mesh-mediated fascial traction.

Keywords Open abdomen - Peritonitis - Abdominal trauma -
Vacuum therapy - Abdominal compartment syndrome

Introduction

Open abdominal treatment has become an accepted treatment
option of critically ill patients with severe intra-abdominal con-
ditions [1-3]. The most frequent indications for leaving the
abdomen open are abdominal trauma, peritonitis, acute pancre-
atitis and abdominal compartment syndrome (ACS) [4—6].

In recent years, laparostomy management has gone through
various evolutions, and a wide variety of technical modifica-
tions have been introduced [7—10]. The focus of attention is on
optimising factors of critical importance for the success of
open abdomen management and on preventing complications
and long-term adverse effects [3, 9, 11].

In the past, planned ventral hernia was good clinical prac-
tice [12]. More recently, however, the focus of treatment has
shifted towards achieving delayed primary fascial closure as
early as possible during hospitalisation [13].

The reasons for this are twofold. First, fascial closure
during the hospital stay was found to reduce treatment com-
plications [14, 15]. For this reason, Scott et al. advocate an
early aggressive closure of the open abdomen [3]. Second,
delayed primary fascial closure has the advantage that patients
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do not have to experience a temporary loss of physical integ-
rity and do not have to undergo abdominal wall reconstruc-
tion, which involves a number of risks that should not be
underestimated [10, 16, 17].

Fascial retraction was found to start as early as about 3 days
after surgery and results in a progressively larger gap in the
fascia [12, 18]. The recent literature suggests that early fascial
closure should ideally be achieved within 10 days [19, 20].

Since the introduction of vacuum techniques for the manage-
ment of an open abdomen, the application of negative pressure
for this purpose has been gaining in popularity and has led to a
paradigm shift. Today, vacuum techniques are most widely used
for temporary abdominal closure not only in Germany but in
other countries as well [7, 21, 22]. Negative pressure therapy
leads to continuous exudate removal, prevents the accumulation
of fluid in the abdomen and reduces the rate of abscess forma-
tion [20, 23]. In addition, it progressively reduces oedema,
improves intestinal perfusion and shows a low fistula rate when
used in combination with an inert plastic sheet that is placed in
contact with the viscera [11, 20, 24].

Vacuum-assisted closure systems alone, however, cannot
prevent fascial retraction [25]. The literature reports substan-
tial differences in fascial closure rates that can be achieved
with vacuum techniques alone. These rates range between
30 % [26] and 72 % [27] with an average of 60 % [21]
(Table 1). Especially in the case of patients with peritonitis
and patients requiring long treatment courses, negative pres-
sure applications alone cannot achieve satisfactory fascial
closure rates [20, 25]. In patients with peritonitis and difficult
or delayed control of infection, the fascial closure rate was
found to decrease significantly when the open abdomen was
managed only by vacuum-assisted closure [28].

For this reason, the application of negative pressure and its
undisputed advantages must be combined with another tech-
nique that facilitates approximation of the fascia in an attempt
to achieve synergistic effects of oedema reduction and fascial

Table 1 Fascial closure rates in the recent literature

traction and to increase the rate of delayed primary fascial
closure [13, 29].

A number of promising techniques have been described in
the literature which combine the application of negative pres-
sure with fascial sutures, alloplastic mesh, the Wittmann patch
or the Abdominal Reapproximation Anchor System (ABRA)
[7-9, 13, 30]. In the absence of randomised controlled studies,
further clinical observational studies are required in order to
provide a high level of evidence for the effectiveness of the
various techniques [31].

Our algorithm for managing the open abdomen com-
bines vacuum-assisted closure and mesh-mediated fascial
traction (VAWCM). When the first reoperation (second-look
procedure) is performed, Vicryl mesh is placed over the visceral
protective layer at the fascial level. This mesh prevents fascial
retraction and facilitates the gradual approximation of the fascial
edges at each reoperation until a direct suture can be performed.
In this study, we evaluate this technique for the open abdomen in
terms of fascial closure rates and possible complications. Since
the management of young trauma patients is usually associated
with high fascial closure rates [22, 29, 32], we were particularly
interested in assessing whether a satisfactory fascial closure rate
can also be achieved in elderly patients who present with marked
peritonitis and require a long period of treatment [33]. Peritonitis
patients were reported to have considerably lower fascial closure
rates than trauma patients [21, 28, 33-35]. In addition, the
duration of the open abdomen was found to be an independent
risk factor influencing fascial closure [8, 20, 28, 29].

Material and methods

Patients and data collection

Data were collected prospectively from consecutively en-
rolled patients who underwent open abdomen management

Author Year Number Indication Fascial closure rate (%)
Caro 2011 46 Peritonitis, ACS 52
Prichayudh 2011 102 Trauma, peritonitis 40
Bee 2008 55 Trauma, peritonitis, ACS 31
Perez 2007 37 Peritonitis, ACS 35
Oetting 2006 36 Peritonitis, ACS, NF. 72
DeFranzo 2006 30 Trauma, peritonitis, ACS 33
Miller 2005 344 Trauma 52
Labler 2005 18 Peritonitis, trauma, ACS 67
Stonerock 2003 15 Trauma, peritonitis 67
Stone 2004 48 Trauma 54
Barker 2000 112 Trauma 55

ACS abdominal compartment syndrome, NF=necrotizing fasciitis
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from 2006 to 2012 at the Department of General, Visceral and
Thoracic Surgery of the German Armed Forces Central Hos-
pital of Koblenz. All patients or their legal representatives
gave their written informed consent. Patients whose treatment
had been initiated at another hospital were excluded. Accord-
ingly, the only patients who were included had been treated in
accordance with the Koblenz algorithm for managing the open
abdomen [11] (Fig. 1) from initial laparotomy until abdominal
closure. Data for each patient were collected in a standardised
manner including the following variables:

— Biometric data (age, gender, height, weight)

— Admission diagnosis

— Additional diagnoses

— Risk factors (use of anticoagulants, use of immunosup-
pressant medication, smoking)

— Indication for open abdomen management

— Number of surgical procedures/number of dressing
changes from initial operation to abdominal closure

—  Duration of the open abdomen

—  Delayed primary fascial closure

— Mortality during open abdomen treatment/hospital
mortality

—  Complications associated with the procedure (formation
of abscesses, enteroatmospheric fistulas and hernias) ac-
cording to the Clavien-Dindo classification [36—38]

—  Systemic complications (pneumonia, respiratory tract in-
fections, urinary tract infections, pulmonary embolism,
myocardial infarction, acute renal insufficiency)

Technique for the open abdomen

All patients had been treated in accordance with the Koblenz
algorithm for managing the open abdomen [11] (Fig. 1). This
algorithm was implemented in January 2006. From 2006 to
2011, the VAC® abdominal dressing system from KCI
(Kinetic Concepts Inc., San Antonio, TX, USA) was
placed at the initial laparotomy. In 2012, KCI replaced
this dressing system with the ABThera® Sensa T.R.A.C.®
system, which has been applied at our institution since
then. When the dressing is changed for the first time, i.e.
within the first 48 to 72 h, the operating surgeon makes
the decision whether to close the abdomen or to continue
the open abdomen treatment based on the criteria edema
reduction, lack of infection and tension.

If it becomes apparent that early primary closure is inad-
visable or impossible, a Vicryl® (polyglactin 910) mesh
(Ethicon, Norderstedt, Germany) is placed on the viscera as
a temporary inlay in order to facilitate the gradual approxima-
tion of the fascial edges (mesh-mediated fascial traction).
When we introduced our algorithm in January 2006, we used

Koblenz Algorithm

Open
abdomen

KCI VAC Abdominal
dressing/KCl ABThera

Second look after 48-72 hours

1
r 1

Continuation of open
abdomen management

Visceral protective layer + Vicryl mesh at the fascial level (mesh-mediated

fascial traction) + subcutaneous vacuum-assisted closure system
o 1

Closure of the abdomen (early
primary closure)

Dressing changes every 72 hours until

completion of open abd
management
L
T 1
Fascial closure not Fascial closure possible
possible (delayed primary closure)

Ventral hernia (skin-only closure, skin
graft placed on granulation tissue)

Secondary abdominal wall reconstruction according to
Ramirez and sublay mesh repair

© Surgery, BW2X Koblenz, Germany

Fig. 1 Koblenz algorithm for managing the open abdomen

the term “mesh-induced fascial approximation” (MIFA) to
describe this technique. The technique is similar to what is
known as vacuum-assisted wound closure and mesh-mediated
fascial traction (VAWCM), which was described for the first
time by Petersson et al. in 2007 [39]. The objective of mesh
placement is to prevent fascial retraction and to achieve high
rates of delayed primary closure. In a first step, a polyethylene
sheet, which is one of the components of the KCI dressing
systems and serves as a protective layer, is cut to size and
inserted into the abdominal cavity in such a way that the
intestines are completely covered. The purpose of this layer
is to completely prevent contact between the mesh and the
viscera and to minimise contact between the viscera and the
abdominal wall. A piece of Vicryl® mesh is then divided into
two halves that are sutured to the fascial edges with running #0
Vicryl® sutures on each side and sutured together in the
middle (Fig. 2). Subcutaneous foam is placed on the Vicryl®
mesh and continuous negative pressure of 75-100 mmHg is
applied. The level of negative pressure is reduced in patients
with an increased risk of bleeding and can be as low as
25 mmHg. At the second dressing change, the Vicryl® mesh
is opened in the middle. The protective layer is removed
through the opening and the revision is performed. As far as
the volume of the intra-abdominal contents and intra-
abdominal pressure permit, the edges of the mesh are excised
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Fig. 2 Uniting the edges of the mesh in the middle

and the mesh is resutured with a running #0 Vicryl® suture
under moderate tension. This technique enables the surgeon to
progressively reduce the fascial gap (Figs. 3 and 4). When the
fascial edges can be reapproximated during a revision proce-
dure and open abdominal management can be completed, the
mesh is removed and delayed primary fascial closure is per-
formed. In the case of unfavourable fascial conditions, strips
of mesh may be left in place in order to augment the fascia and
support the suture line. If there is macroscopic evidence of
compromised local wound healing, a subcutaneous vacuum-
assisted closure system should be placed. If there is objective
evidence of a clean wound, the skin can be closed.

Data analysis

Data on fascial closure, open abdomen duration, the number
of dressing changes, the incidence of fistula formation and

Fig. 3 Fascial defect with a maximum width of 14 cm on day 3 after
laparotomy
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Fig. 4 Fascial defect with a maximum width of 6 cm on day 9 after
laparotomy

mortality were collected for all patients in this study and
analysed in a descriptive manner. Depending on the indication
for open abdomen management, three groups of patients were
formed (peritonitis patients, trauma patients, and patients with
abdominal compartment syndrome or abdominal wall dehis-
cence). These groups were analysed separately and assessed
for significant differences in the aforementioned variables.
The peritonitis group included all patients with secondary
peritonitis resulting from the perforation of a hollow organ,
postoperative anastomotic insufficiency or necrotising pancre-
atitis. The trauma group consisted of patients who underwent
open abdomen management for abdominal trauma. Abdomi-
nal compartment syndrome was classified in accordance with
the World Society of the Abdominal Compartment Syndrome
consensus definitions [40]. Intra-abdominal pressure was
measured intermittently in fully relaxed patients using a uri-
nary catheter and the Foley manometer technique [41]. All
patients with a clinically relevant postoperative fascial dehis-
cence were included in the group of patients with ACS or
abdominal wall dehiscence.

The Wilcoxon-Mann-Whitney test was used for comparing
two groups. The Kruskal-Wallis test was used for comparing
three groups. Primary fascial closure rates were analysed
on the basis of intention to treat and per protocol since
the failure to achieve delayed primary closure was, of
course, closely associated with mortality before fascial
closure. The level of significance was set at p<0.05.
Statistical analyses were performed using SPSS Statistics
22.0® (SPSS Inc., Chicago, IL, USA).

Results
Biometry
During the study period, 53 patients underwent open abdomen

management in the Department of General, Visceral and Tho-
racic Surgery at the German Armed Forces Central Hospital in
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accordance with our algorithm, which includes a combina-
tion of vacuum-assisted wound closure and mesh-mediated
fascial traction (VAWCM). These patients included 16
women (30.2 %) and 37 men (69.8 %) with a mean age
of 53 years (£16.9 years) at the beginning of treatment.
The youngest patient was 20 years old; the oldest patient
was 85 years old.

Underlying conditions

The most common underlying conditions necessitating hospi-
tal treatment were malignancies and trauma, which were noted
in more than 50 % of the patients, followed by diverticulitis,
mechanical bowel obstruction and chronic inflammatory bow-
el diseases. All underlying diagnoses are shown in Table 2.

Indications for open abdomen management

The initial indication for open abdomen management was
secondary peritonitis and necrotizing pancreatitis in 27
patients (51 %). In 14 patients with trauma (26.4 %),
the abdomen was left open for damage control and
second-look procedures. In the remaining 12 patients
(22.6 %), laparostomy was indicated for abdominal com-
partment syndrome (7 patients) or postoperative abdominal
wall dehiscence (5 patients).

Fascial closure

The algorithm described in this study enabled us to achieve
delayed primary fascial closure in 42 of the 47 survivors. This
corresponds to a fascial closure rate of 89.4 % in a per-
protocol analysis. When the patients who died during their
hospital stay were included, the rate was 79.3 % (42 of 53
patients) in an intention-to-treat analysis. The fascias were
successfully closed in all surviving patients with abdominal

Table 2 Underlying conditions

Underlying condition Number Percent
Malignancy 16 30.2
Trauma 14 26.4
Diverticulitis 9 17
Bowel obstruction 3 5.6
Chronic inflammatory bowel disease 3 5.6
Pancreatitis 2 38
Ischaemic colitis 2 38
Ulcer 2 38
Abdominal wall hernia 1 1.9
Rectal prolapse 1 1.9
Total 53 100

compartment syndrome or abdominal wall dehiscence. The
closure rates were lower in the other two groups, i.e. 87 %
(20 of 23 patients) in the peritonitis group and 85 % (11 of
13 patients) in the trauma group (Fig. 5). The differences in
fascial closure rates were not significant (p=0.647). The
initial fascial gap was 16.3+4.6 cm. The fascial closure rate
was not affected by the size of the initial defect (p>0.05).

Duration of the open abdomen

The mean duration of open abdomen management was
15 days (Table 3 and Fig. 6). There were considerable differ-
ences in the duration of treatment when the different indica-
tions for open abdomen management with vacuum-assisted
wound closure and mesh-mediated fascial traction were
analysed. The mean duration of treatment in the peritonitis
group and was thus twice as long as in the groups that required
open abdomen management for trauma, ACS or abdominal
wall dehiscence (p=0.03).

The duration of the open abdomen had no significant
influence on the success or failure of fascial closure. In the
groups of patients whose abdomen was left open for a max-
imum period of 10 days, the fascial closure rate was 96 % in
the per-protocol analysis and 82.7 % in the intention-to-treat
analysis. In the group of patients who required open abdomen
treatment for more than 10 days, the fascial closure rate was
81.8 % in the per-protocol analysis and 75 % in the intention-
to-treat analysis (p>0.05 for both types of analysis).

Number of procedures

The mean number of procedures (placement of a dressing,
dressing changes and operation for abdominal closure) until
completion of open abdomen management was 6.2 for all

fascial closure rates

100%

80% =+

60%

40%

20%

0% =

trauma ACS/abdominal wall dehiscence

peritonits

Fig. 5 Fascial closure rates
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Table 3 Number of procedures and duration of treatment

Indication Number of procedures Duration of treatment (days)

Mean Standard deviation Range Mean Standard deviation Range
Peritonitis 79 8.2 2-38 19.9 23.6 3-112
Trauma 4.8 4.6 2-18 10.1 10.8 2-39
ACS/abdominal wall dehiscence 42 1.8 2-8 10 6.4 2-23
Total 6.2 6.5 2-38 15 18.5 2-112

patients (Table 3). Similar to the analysis of the three groups
by the duration of treatment, the peritonitis group required a
significantly higher mean number of procedures (7.9) than the
trauma group (4.8) and the group of patients with ACS or
abdominal wall dehiscence (4.2) (p=0.038).

The interval between procedures was 2.8 days for the total
patient population. There was no major difference between the
groups. The interval was 2.8 days in the peritonitis group,
2.6 days in the trauma group and 3.1 days in the group of
patients with ACS or abdominal wall dehiscence (p>0.05).

Complication rates and mortality

Seven (13 %) of the 53 patients died during hospitalisation, six
of whom (11 %) died during open abdomen management. The
cause of death was sepsis and multi-organ failure as a result of
peritonitis in five cases and cardiopulmonary insufficiency
that was not associated with a septic process in the other cases.
No enteroatmospheric fistulas were seen. One patient required
reopening of the abdomen for recurrent ACS after initial
fascial closure and again underwent open abdomen manage-
ment. Fascial closure was achieved in this case after two
further dressing changes. No patient developed fascial dehis-
cence or intra-abdominal abscess during hospitalisation.
Wound healing problems were noted in nine patients (17 %).
Five of these patients (9.4 %) experienced Clavien-Dindo

days
30

25 4

20 +4

T T T
peritonitis trauma ACS/abdominal wall dehiscence

Fig. 6 Duration of the open abdomen

@ Springer

grade I complications and underwent open-wound treatment
without secondary suture. The other 4 patients (7.5 %) devel-
oped Clavien-Dindo Grade IIIb complications and were man-
aged by secondary suture after open-wound treatment.

Discussion

The techniques that are currently available for managing the
open abdomen are continuously being improved. In recent
years, the literature has shown that a standardised approach
with a focus on two key objectives, i.e. to reduce the rate of
fistulas and to achieve fascial closure, can apparently mini-
mise the risks and optimise the benefits of the technique used
[1, 6, 8, 11]. The objectives of treatment are to achieve high
fascial closure rates and at the same time to prevent the
formation of small bowel fistulas and large ventral hernias
[31]. Small bowel fistulas can be reduced, if not completely
eliminated, by protecting the intestinal serosa and covering the
viscera with an inert plastic sheet and by using an atraumatic
surgical technique [11, 20, 42]. The highest fascial closure
rates can be achieved with combinations of a vacuum tech-
nique and mechanical approximation of the fascias [1].
Whereas vacuum techniques alone can achieve mean delayed
primary fascial closure rates of 60 % (Table 1), a combination
of vacuume-assisted closure and alloplastic mesh or sutures
leads to considerably higher closure rates [8, 15, 32, 43, 44].
Our algorithm includes the placement of Vicryl® mesh at the
fascial level as a temporary inlay. During every reoperation,
the size of the mesh can be reduced and the fascial edges can
be approximated until a direct fascial suture is possible
(Fig. 1). This technique allows for early fascial closure, as
advocated by Scott et al. [3] because the rate of complications
increases with the duration of treatment [12, 23, 45, 46].
Moreover, delayed primary fascial closure prevents the for-
mation of large or even giant ventral hernias that require
complex reconstructive procedures and are associated with
considerable risks [17, 47].

In the literature, fascial closure rates are usually evaluated
using per-protocol data since mortality is closely associated
with the failure to achieve fascial closure. We deliberately
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provide both rates. In recent years, a variety of promising
techniques have been described in the literature which is based
on mechanical fascial traction [2, 6, 15, 32, 39, 43]. The
fascial closure rates that we achieved in our patient population
(89.4 % in the per-protocol analysis and 79.3 % in the
intention-to-treat analysis) are in the upper range of rates
reported in the literature [8, 15, 32, 43, 44] and are thus
considerably higher than those achieved with vacuum tech-
niques alone [25, 26].

A subgroup analysis shows that there is no difference in
fascial closure rates between peritonitis patients and patients
with trauma or ACS. Contrary to what has been reported in
previous publications, satisfactory fascial closure rates can
thus be achieved with the technique described here even in
the complex group of peritonitis patients [20, 25, 28]. More-
over, the duration of open abdomen management was not a
significant risk factor for failure to achieve fascial closure. We
did not observe a significant decrease in the fascial closure
rates for peritonitis patients since our treatment approach
prevented fascial retraction, which is associated with longer
durations of treatment. Padalino et al. reported that vacuum-
assisted closure alone had a positive effect on fascial closure in
patients with peritonitis [28].

In contrast to the techniques described by Koss et al. and
Pliakos et al., who closed the fascias with sutures, the algo-
rithm presented here provides maximum protection to the
vulnerable fascia [13, 48]. The mesh is sutured to the fascia
only once and is reduced in size in the middle so that the fascia
is spared until definitive closure.

The fascial closure rates reported here are comparable
to those that can be achieved with similar techniques
using VAWCM [6, 8]. Comparability is, however, lim-
ited by differences in patient populations. Acosta et al.,
for example, studied a group of patients including vas-
cular surgery patients (40 %) and only few trauma
patients (8 %) [8].

Unlike Petersson et al. who described the VAWCM [39]
technique for the first time in 2007 and who use polypropyl-
ene mesh, we place polyglactin 910 (Vicryl®) mesh on the
viscera. Our technique allows us to leave a strip of mesh in
place and thus to augment the fascial edges during delayed
primary closure in order to support the suture line and prevent
sutures from tearing through tissue. If the protective layer
becomes dislodged, this type of mesh is also associated with
a lower risk of the formation of small bowel fistulas at the site
where the mesh comes into contact with the viscera [26, 49].
Vicryl® mesh is one of the least expensive alloplastic mate-
rials and is relatively cost-effective especially when early or
delayed primary closure can be achieved, and thus, further
procedures and the costs of possible complications can be
reduced or avoided.

In contrast to other authors who report fistula rates as high
as 21 %, we did not observe any enteroatmospheric fistulas,

which can be regarded as the most severe complication of the
open abdomen [6, 8, 26].

Compared with the existing literature, the mean duration of
open abdomen management was relatively short in our patient
groups [28, 39, 44]. For example, the mean duration of treat-
ment was 32 days in a study by Petersson et al. and only
15 days in our patient population [39]. The median was as low
as 10 days in our study. Hospital mortality in our patient
population (13 %) was in the lower range of rates reported
in other studies [6, 8, 13, 26]. In a study by Rasilainen et al.,
35.6 % of patients died during hospitalisation [6].

In the literature, two groups of patients are distinguished,
i.e. patients in whom fascial closure is achieved and open
abdomen management can be completed within the first
10 days, and patients in whom fascial closure cannot be
obtained within this period of time for a variety of reasons
[20]. Whereas an early closure and high fascial closure rates
can usually be achieved in trauma patients, peritonitis patients
often require longer durations of treatment [6, 33, 50]. In
several studies, the duration of open abdomen treatment was
identified as a risk factor for failure to achieve fascial closure
[8, 20, 29]. In keeping with the existing literature, our patients
with peritonitis needed a significantly longer duration of treat-
ment than patients with trauma or ACS. In addition, they
required a significantly higher number of procedures. Unlike
the previous literature, however, the use of mesh-mediated
fascial traction enabled us to achieve a fascial closure rate
similar to that obtained for the other patients in spite of
different aetiologies and significantly different durations of
treatment [6]. There were only a few failures in our patient
groups. Future studies should further investigate these failures
and identify risk factors that prevent delayed primary closure
from being achieved despite the use of both a vacuum tech-
nique and fascial traction. At our institution, these patients are
discharged with a ventral hernia and return after 9 to 12 months
for secondary abdominal wall reconstruction, which usually
consists of mesh-augmented hernia repair using the sublay
technique with or without component separation according
to Ramirez et al. [S1]. The literature describes a variety of
promising procedures that can be used to prevent the
formation of large or even giant ventral hernias in patients
in whom mesh-mediated fascial traction failed. Dietz et al.,
for example, proposed a four-stage procedure including the
placement of a two-component mesh in an intraperitoneal
only position (IPOM) for bridging fascial defects and reported
low rates of complications [10]. Ferguson et al. managed
these patients with a components separation technique in
order to achieve delayed primary closure during initial
hospitalisation [52].

The discussion above shows that the direct comparability
of the various techniques and modifications is currently lim-
ited by the heterogeneity of study populations, technical var-
iations and results.
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Conclusion

The results of our study show that the open abdomen man-
agement technique presented here prevents fascial retraction
and at the same time decreases oedema with vacuum-assisted
wound closure so that the size of the mesh can be reduced and
the fascial edges can be approximated during every reopera-
tion until direct fascial closure is obtained. Synergistic effects
of vacuum-induced oedema reduction and mesh-mediated
fascial traction are thus achieved in an ideal manner.

Regardless of the underlying aetiology and the duration of
open abdomen management, delayed primary fascial closure
is possible in a large number of cases. A high rate of fascial
closure can be achieved especially in the complex group of
peritonitis patients who usually require relatively long dura-
tions of treatment.

A follow-up study of these patients is necessary in order to
assess long-term results and in particular hernia rates.

The comparability of available studies on techniques for
managing the open abdomen is usually limited by the hetero-
geneity of patient populations, techniques and study designs.
For this reason, the level of evidence currently available
makes it impossible to provide recommendations and
guidelines for the management of the open abdomen
[53]. In the medium term, the implementation of an Open
Abdomen Registry, which will prospectively collect data
about open abdoments, is likely to provide a valuable source
of evidence-based information.
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