Langenbeck's Archives of Surgery (2019) 404:489-494
https://doi.org/10.1007/s00423-019-01757-2

ORIGINAL ARTICLE

@ CrossMark

Blurring the boundary between open abdomen treatment and ventral
hernia repair

Samuel A. Kiser'@® - P. Brosi' « P. A. Clavien’ - R. Vonlanthen'

Received: 26 March 2018 / Accepted: 23 January 2019 /Published online: 7 February 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Purpose Therapeutic approaches for septic open abdomen treatment remain a major challenge with many uncertainties. The most
convincing method is vacuum-assisted wound closure with mesh-mediated fascia traction with a protective plastic sheet placed
on the viscera. As this plastic sheet and the mesh must be removed before final fascial closure, such a technique only allows
temporary abdominal closure. This retrospective study analyzes the results of a modification of this technique allowing final
abdominal closure using an anti-adhesive permeable polyvinylidene fluoride (PVDF) mesh.

Methods The outcome of all consecutive patients with septic open abdomen treatment at one academic surgical department from
January 2013 to June 2015 was retrospectively analyzed.

Results Retrospectively, 57 severely ill consecutive patients with septic open abdomen treatment with a 30-day mortality of 26%
and a 2-year mortality of 51% were included in the study. In 26 patients, no mesh was implanted; in 31 patients, mesh
implantation was done at median third-look laparotomy, median 5 days postoperative. Re-laparotomies after mesh implantation
(median n =2) revealed anastomotic leakage in 16% but no new bowel fistula. In 40% of those patients who had mesh
implantation, fascia closure was not achieved and the mesh was left in place in a bridging position avoiding planned ventral
hernia.

Conclusion The application of an anti-adhesive PVDF mesh for fascia traction in vacuum-assisted wound closure of septic open
abdomen is novel, versatile, and seems to be safe. It offers the highly relevant possibility for provisional and final abdominal
closure.

Keywords Abdominal sepsis - Open abdomen treatment - Vacuum-assisted wound closure - Mesh-mediated fascia traction -
Bridging mesh

Introduction generalized peritonitis, with consecutive severe intestinal ede-
ma or abdominal compartment syndrome [5, 6]. In general,

Abdominal sepsis represents the second most common form  the abdomen is closed as soon as the source of the abdominal

of sepsis [ 1] with a persisting high mortality rate of about 33%
[2]. Most patients with abdominal sepsis can be managed with
early antibiotic therapy, one single laparotomy with efficient
source control, modern intensive care and on-demand second
laparotomy [2—4]. However, open abdomen treatment remains
an important bailout procedure in those patients with severe
abdominal sepsis associated with organ dysfunction with
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sepsis is under control and the peritonitis has resolved.

Great improvements have been made in provisional closure
of open abdomen. Traditionally, the open abdomen was closed
by loose packing with surgery towels [7-9]. Retention sutures
of the fascia or polypropylene meshes sutured to the fascia
were then used to avoid the common problem of fascia retrac-
tion [9, 10]. Zippers or Velcro sheets were added to this tech-
nique to facilitate further laparotomies [11]. Then the vacuum-
dressing system combined with a protective plastic sheet was
adopted for provisional closure of open abdomen and for op-
timal drainage of abdominal fluid [12—-15] and became the
standard surgical technique for open abdomen treatment
[16]. To minimize fascia retraction, the vacuum dressings of-
ten were combined with mesh [17] or dynamic suture-
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mediated traction [17-20]. In vacuum-assisted wound closure
with mesh-mediated fascia traction, a protective plastic sheet
is placed below a polypropylene mesh to avoid bowel injury
or fistula induced by vacuum dressing, and to avoid adhesions
between the bowel and the abdominal wall or mesh [17, 20,
21]. As this plastic sheet must be removed before final fascial
closure, this technique only allows temporary abdominal clo-
sure. Indeed, in a randomized study including patients with
abdominal sepsis, a polypropylene mesh used in a bridging
position between the fascia edges without such a plastic sheet
was conducted and had to be stopped after the first interim
analysis due to a high mortality rate of 55% compared with
30% in the group with primary closure without a mesh [22].

Contrary to traumatic open abdomen treatment, the fascia
closure rates in septic open abdomen treatment remain disap-
pointing, in particular in patients with protracted critical ill-
ness and retracted fascia edges [13, 15, 19, 23-25]. Although
component separation or anterior rectus sheath turnover tech-
niques show promising results in this setting [24, 26], planned
ventral hernia remains the only bailout in a considerable
amount of patients (12—-62%) [13, 15, 19, 23-25].

We present a modified vacuum-assisted wound closure
with mesh-mediated fascia traction technique offering the
highly relevant possibility for provisional and final abdominal
closure by replacing the polypropylene mesh with an anti-
adhesive polyvinylidene fluoride (PVDF) mesh.

Methods

Retrospectively, the outcome of all patients with septic open
abdomen treatment at one academic surgical department from
January 2013 to June 2015 was analyzed. Temporary abdom-
inal closure in open abdomen treatment for severe abdominal
sepsis was done with an abdominal vacuum dressing and a
protective plastic sheet. Based on extent and type of peritoni-
tis, intestinal edema, and fascia tension, the surgeon-in-charge
decided at every further re-look laparotomy if primary closure
of the fascia was feasible or not. If no primary closure of the
fascia was foreseeable within a useful period, mesh implanta-
tion was done.

Primary fascia closure was done with at least two late-
absorbable monofilament polydioxanone loop threads (PDS
IT size 1; Ethicon™ by Johnson & Johnson™, New
Brunswick, NJ, USA). The stitching technique consisted of
a single-layer continuous suture technique by picking up the
peritoneum, the posterior rectus sheath, the rectus muscle, and
the anterior rectus sheath.

Mesh implantation was done by suturing an anti-adhesive
PVDF mesh to the fascia edges typically with four threads
(Prolene, size 1, Ethicon™ by Johnson & Johnson™, New
Brunswick, NJ, USA) to provide continuous fascial traction.
A polyurethane sponge was placed on the mesh and covered
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by occlusive sheets allowing for the application of continuous
negative pressure by a suction device. At the following lapa-
rotomies, the PVDF mesh was cut in the midline and
contracted with a suture (typically Prolene, size 1). If fascia
closure was done as described above, the mesh was explanted
prior to fascia closure and the fascia was closed as described
above with two late-absorbable monofilament polydioxanone
loop threads with mesh reinforcement in a sublay position or
without mesh reinforcement [27]. If no final fascia closure
could be achieved, the PVDF mesh was left in situ without a
protective plastic sheet in a bridging position avoiding
planned ventral hernia repair. The technique is depicted in
Fig. 1.

Results

Fifty-seven patients with septic open abdomen treatment from
January 2013 to June 2015 were identified. Most patients were
in a severe health condition with a median ASA (American
Society of Anesthesiologists) score of 4. Four patients died
within 72 h. The patient characteristics are shown in Table 1.
More than two thirds of the patients suffered from bowel per-
foration or anastomotic leakage as the underlying septic focus
and various surgical procedures were performed, according to
the underlying diseases. The index operations and the detailed
underlying septic diseases are shown in Table 2. In 26 pa-
tients, no mesh was used. In 31 patients, an anti-adhesive
PVDF mesh was implanted at median postoperative day 5
(range 0-25) and at the median third look laparotomy (range
1-13). The median number of further abdominal explorations
after mesh implantation was 2 (range 0-9).

Complete fascial closure was achieved in 66% (35/57) of
all patients included in the study. Complete fascial closure was

Fig. 1 Operative situs during contraction of a polyvinylidene fluoride
mesh in open abdomen treatment prior to vacuum dressing
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Table 1 Patient characteristics
Total number of patients with Overall n=57 Bridging mesh n=31 No mesh n=26
septic open abdomen treatment
Male gender 63% (n =36) 65% (n =20) 62% (n =16)
Median age in years (range) 63 (20-87) 58 (20-87) 65 (39-86)
Median ASA* score (range) 4 (2-5) 4 (2-5) 4 (2-5)
Death within 72 h 7% (n =4) 3% (n=1) 12% (n =3)

* American Society of Anesthesiologists

achieved in 65% (17/26) of the patients without a mesh and in
58% (18/31) of the patients with a mesh. In the remaining 42%
(13/31) of patients with a mesh, the anti-adhesive mesh was
left in place in a bridging position as final abdominal closure
avoiding planned ventral hernia. An overview of the study is
depicted in Fig. 2.

Anastomotic leakage after mesh implantation occurred in 5
patients (16%) but no new bowel fistula occurred. Overall,
thirty-day mortality rate was 26% (15/57). At 2 years postop-
erative, 4 patients were lost to follow-up. The follow-up rate
was 93%. The 1-year mortality rate was 51% (27/53), and the
2-year mortality rate was 58% (31/53). According to the med-
ical records, the overall hernia incidence rate in living patients
was 27% (6/22) at 2 years follow-up.

Discussion

Most patients with abdominal sepsis can be successfully man-
aged with one single laparotomy and modern perioperative
treatment [2—4]. To optimize the treatment of those patients
with severe abdominal sepsis, several goals must be reached.
First, the underlying disease needs optimal control with as few
re-laparotomies as possible [3, 28]. Second, the right time to
start open abdomen treatment should not be missed [3, 5].

Third, the optimal abdominal closure technique with the least
side effects and highest fascial closure rate must be applied.

Great improvements have been made in the techniques of
temporary abdominal closure in open abdomen treatment in
the past few years resulting in vacuum-assisted wound closure
with mesh-mediated fascia traction with a protective plastic
sheet as the most promising technique today [17, 21].
However, the reported rates of patients without possible fascia
closure remain unacceptably high, especially in patients with
abdominal sepsis (12-62%) [13, 15, 19, 21, 24, 25, 29],
resulting in high rates of patients with planned ventral hernia.
These rates might even be higher in patients outside study
conditions.

To improve fascia closure rates different techniques
have been developed. One promising method is to open
the rectal sheath at the second look and to place the mesh
during open abdomen treatment in a retromuscular posi-
tion leaving a stripe at the end to enforce the midline
suture [23]. Another possibility is to perform complex
abdominal wall reconstruction for abdominal wall closure.
This can include components separation techniques [24].
A further technique to reduce tension and to allow fascia
closure is to perform bilateral anterior rectus abdominis
sheath turnover flaps [24, 26]. This technique can also be
combined with mesh enforcement [30]. However, it has to

Table 2 Index surgery combined

with open abdomen treatment and Bridging mesh No mesh
underlying main focus for (n=31) (n=26)
peritonitis
Partial gastrectomy or suture for gastric perforation/ischemia 3 1
Suture for duodenal perforation 1 5
Hepatobiliary redo-surgery for postoperative bile leak 4 0
Pancreatic surgery for pancreatic fistula/necrotizing pancreatitis 3 5
Surgery for small bowel perforation/ischemia/anastomotic leakage 7 5
Appendectomy for perforated appendicitis 0 1
Discontinuity right-sided/transverse large bowel resection for colon 6 5
perforation/ischemia
Discontinuity left-sided large bowel resection for colon perforation/- 3 4
ischemia
Discontinuity left-sided large bowel resection for anastomotic leakage 2 0
Laparotomy for peritonitis after urinary leakage 1
Laparotomy for peritonitis in septic gonarthritis 1 0
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Fig. 2 Overview of the study
methodology

Non-traumatic open
abdomen treatment
n=65

Exclusion n=8

- postoperative hemorrhage n=4

- Non-septic abdominal compartment n=1

- size mismatch after liver transplantation n=3

Septic open abdomen treatment

n=57

n=31

Mesh implantation

No mesh implantation
n=26

Fascia closure No fascia closure Fascia closure No fascia closure
n=18 13 n=17 n=9
Death/lost to Death/lost to Death/lost to Death/lost to
B follow-up u follow-up u follow-up B follow-up
n=9 n=8 n=9 n=9
Hernia Hernia Hernia Hernia
2/9 1/5 3/8 0/0

be kept in mind, that abdominal wall reconstruction can
be avoided in the majority of patients [31]. If performed
too early, the results seem to be poorer than if performed
at the time point of delayed fascia closure [24].

We tackled the problem differently, by extending the
standard technique of temporary abdominal closure in
open abdomen treatment. By using an anti-adhesive mesh
instead of the polypropylene mesh/protective plastic sheet,
the mesh could be left in place (in a bridging position) in
those patients without possible fascia closure. Hereby,
planned ventral hernia was avoided in a remarkable num-
ber of patients.

In our experience, this technique has no disadvantage if
delayed fascial closure is possible without mesh enforcement.
However, if fascia closure is not possible, it offers a tailored
and versatile treatment and it avoids operative burden for the
severely ill patient. Furthermore, the surgical planes used for
abdominal wall reconstruction remain untouched. An
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important advantage, if ventral hernia repair is required in
the later course.

We performed an institutional review to look at the out-
come of all consecutive patients treated from January 2013
to June 2015 with this novel technique at our institution.
Various underlying sources of abdominal sepsis were iden-
tified (see Table 2). The anastomotic leakage/fistulation
rate after mesh implantation was 16%. Reported fistulation
rates from other retrospective series in literature are 1.2%—
20% [24, 31, 32]. The fascia closure rate was 61% in the
present cohort of patients. Other groups report fascia clo-
sure rates in patients with open abdomen treatment for
abdominal sepsis of 38% to 88% [13, 15, 19, 21, 24, 25,
29]. The high mortality rate at 72 h of 7% and the thirty-
day mortality rate of 28% underline that survival is limited
by the underlying disease and its management [29]. The
type of fascia closure seems to influence long-term mor-
bidity rather than short-term complications.
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Limitations

Due to the retrospective nature of this study on a cohort of
consecutive patient without a control group and without a clear
structured protocol or treatment algorithm, the results of this
study can be biased and need to be interpreted with caution.
However, as the outcome of all consecutive patients with open
abdomen treatment and abdominal sepsis treated at one institu-
tion were analyzed, biasing towards better outcomes for pa-
tients in “inside study conditions” could be avoided.

Abdominal sepsis needing open abdomen treatment is
afflicted with high mortality. Mainly related to death a high
rate of patients could not be followed up and the sample size at
the 1-year control turned out to be small.

The presented technique with an anti-adhesive PVDF mesh
for fascia traction in vacuum-assisted septic open abdomen
treatment is promising. To compare it to the standard tech-
nique with a polypropylene mesh/plastic sheet a multicenter
randomized control trial is warranted.

Conclusion

The application of an anti-adhesive PVDF mesh for fascia
traction in VAC of septic open abdomen is novel, versatile,
and seems to be safe. It offers the highly relevant possibility
for provisional and final abdominal closure.
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