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Editorial on the Research Topic

Open Abdominal Treatment: HowMuch Evidence DoWe Have?

Open abdominal treatment (OAT) is a surgical therapy strategy for critically ill patients with serious
intra-abdominal pathologies. Since its introduction about 30 years ago, it has had a permanent
place in trauma and damage control surgery, but also in treatment of visceral surgical emergencies.
Applied to the right patient, the OAT strategy has been shown to reduce morbidity andmortality in
patients whose systemic compensation mechanisms and physiological reserves (circulation, blood
coagulation, etc.) are almost exhausted due to the serious intra-abdominal pathology.

This procedure and core topic of this issue is the result of a paradigm shift in emergency
abdominal surgery. The aim of the OAT is to minimize the initial, surgical-related secondary
damage through a shortened initial operation and a temporary abdominal wall closure. However,
these patients then necessarily need one or more further surgical interventions. Thus, the
initiation of the OAT represents a decisive course and the subsequent management an enormous
logistical and medical challenge: Patients with OAT need a structured therapy concept with close
coordination of surgery and intensive care medicine in order to benefit from the advantages of
the procedure. Advantages include the shortened operating time for index surgery, the easy re-
evaluation (second look), the possibility of repeated decontamination (lavage), a better ventilation
situation, as well as an improvement in renal and intestinal perfusion.

Nevertheless, the OAT course is associated with serious potential disadvantages. The most
elementary possible negative consequences are: the formation of entero-atmospheric fistulas, the
lateral retraction of the abdominal wall fascia, which makes a later fascia closure much more
difficult, and fluid losses through exposure of the viscera.

The present edition spans a wide range and reflects not only current knowledge but also new
strategies and approaches. The attempt is made to map all important therapy goals, such as fascia
traction and fistula prevention as well as hernia prophylaxis. This issue includes reports of many
years of experience of a center with vacuum therapy as one of the most important and established
therapy elements with a large patient population as well as new technologies for prophylactic
mesh implantation with the aim of hernia prophylaxis on only a few patients. There are excellent
descriptions of patient subgroups such as pancreatitis or experiences with abdominal compartment
syndrome in ECMO patients. There are very interesting experimental works on the suction effect
as well as review articles on important topics such as fistula prevention and dynamic fascia traction
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and, last but not least, on the important parameter, the outcome
after treatment.

We wish you a lot of fun and knowledge while reading and
would like to thank all authors for the successful cooperation.
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Background: Abdominal compartment syndrome (ACS) can occur in patients placed

on extra corporeal membrane oxygenation (ECMO). This implies the necessity of

decompressive laparotomy followed by an open abdomen (OA) to prevent complications

such as multi-organ-failure or death.

Methods: We searched for ECMO patients in our hospital database between July 2015

and April 2020 and selected those with an emergency laparotomy and OA therapy. Of

these, we analyzed only patients who were treated with an OA after establishing the

ECMO regarding patient-related parameters like sex, age, height, weight, and indications

for ECMO as well as outcome parameters like complete fascial closure rate, mortality,

length of stay in intensive care unit (ICU), length and kind of OA therapy, number of

surgical procedures, dressing changes concerning negative pressure wound therapy

(NPWT), and number of surgical revisions.

Results: In eight out of 421 patients (1.9%), a laparostoma had to be created during

ECMO support. For temporary closure, either NPWT, abdominal packing, or both were

used. The median length of OA therapy was 17 days, and the median length of stay in

ICU was 42 days in total. The median number of surgical procedures and NPWT dressing

changes was seven. In three of the eight patients, a surgical revision was necessary.

The total mortality rate was 50%. In 75%, the fascia could be closed. Two patients died

before final closure. In all deceased patients, an abdominal packing was necessary during

the course of treatment; in the survivors, only once. No enteroatmospheric fistula or

abscesses occurred.

Conclusions: ACS in patients placed on ECMO is a very rare condition with a

considerable mortality rate but high secondary closure rate of the fascia. A necessary

abdominal packing due to a severe bleeding seems to be a risk factor with a potentially

fatal outcome.

Keywords: open abdomen, laparostoma, ECMO, abdominal compartment syndrome, NPWT
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INTRODUCTION

A laparostoma is a non-closure of the fascia in cases of
laparotomy, which is commonly an emergency procedure.
Concerning this, there are a myriad of reasons for a laparostoma,
and consequently, in many cases, a tension-free closure
is impossible. Laparostoma is used to restore an adequate
hemodynamic status, preventing an abdominal compartment
syndrome (ACS) and deferring definitive intervention and
anastomosis, until the patient is hemodynamically stable and
appropriately resuscitated. Early identification and draining of
a residual infection are of particular importance regarding
the removal of infected or cytokine-loaded fluid, and thereby
the control of any persistent source of infection is facilitated
by a laparostoma (1–3). Despite all of those positive aspects
improving many patients’ outcomes, it is also important to face
the risks and complications associated with an open abdomen
(OA). While some patients require further surgical procedures
during their inpatient stay, others are mainly affected by long-
term complications such as a remaining fascial defect, which may
require further treatment (1, 4, 5). Enteroatmospheric fistulas
are an example of a long-term complication in patients during
or after laparostoma, as are abscesses and the loss of abdominal
wall domain. These can result in an increase in morbidity and
mortality (1, 5, 6).

One possible reason for an emergency laparotomy without
immediate primary closure is the development of ACS. Several
risk factors for developing intraabdominal hypertension (IAH)
as well as ACS, like large-volume fluid resuscitation and
the presence of shock, hypotension, sepsis, massive intestinal
swelling, or severe trauma, are described in literature (1, 2, 6–9).
In addition, patients who have had ECMO created can develop
ACS without having previously suffered trauma or abdominal
sepsis following abdominal surgery (10, 11).

Due to the rarity of such cases, there is very little literature
describing the course and the outcome of patients who develop
an ACS after the establishment of an ECMO and require an
OA. Our aim was to analyze the outcome, number of days
with the OA, number of days in intensive care unit (ICU),
number of surgical procedures, dressing changes concerning
the negative pressure wound therapy (NPWT), and number of
surgical revisions in such patients admitted to our ARDS and
ECMO center in Cologne-Merheim Medical Center (CMMC)
comparing our results with data about laparostoma patients on
ECMO described in the literature.

MATERIALS AND METHODS

Patients
We performed a retrospective, single-center, observational
cohort study of patients at the CMMC, Witten/Herdecke
University teaching hospital, treated with laparostoma after the
beginning of ECMO support from July 2015 to April 2020. Data
were gathered from electronic medical records by searching our
hospital’s patient database for the ICD codes for “ECMO” and
“laparostoma” / “laparotomy.” The methods for inclusion of
patients and patient-related data were specified a priori.

The patients included were placed on ECMO as well as treated
with laparostoma. We only included patients with laparotomy
leading to an OA after the initiation of ECMO to analyze a more
homogeneous group.

The patient files were screened using the parameters
mentioned below.

Definition of IAH and ACS
Intraabdominal pressure is defined as the steady-state pressure
concealed within the abdominal cavity. In critically ill adults, it
is ∼5–7 mmHg. IAH is defined as an intraabdominal pressure
of more than 12 mmHg and is classified in four grades (grade
I: 12–15 mmHg, grade II: 16–20 mmHg, grade III: 21–25
mmHg, and grade IV: >25 mmHg) (3). In contrast to that, the
ACS presupposes per definition a new organ dysfunction and
hypertension with a pressure of more than 20 mmHg within the
abdominal cavity (3, 12).

Surgical Standard
In our hospital, laparotomy is performed at the point of an
intraabdominal pressure of 20 mmHg or above, combined with
clinical symptoms of ACS as anuria or insufficiency of perfusion
through ECMO.

The standard proceduremonitoring IAP in our patients at risk
in the ICU was the measurement of pressure within the bladder
30–60 s after the instillation of 25ml of normal saline through the
urinary catheter every 8 h.

Methods of creating an OA at our hospital:

1. Applying NPWT with PU foam and visceral protective film
underneath with or without redressing fasciorrhaphy.

2. Interposition of a Vicryl-mesh onto the visceral protective film
for the redression of the fascia instead of redressing sutures
and usage of a commercially NPWT set.

Other kinds of therapy like the Wittman patch or the Bogota bag
were not deployed in our hospital. The choice of wound closure
depended on the surgeons’ preference.

The standard suction magnitude was 75 or 80 mmHg.
Dressing changes for NPWT were performed every 3 days at
our hospital.

Depending on the hemodynamical stability of the patient, the
surgical creation of the laparostoma was either performed in our
central operation room or in ICU.

Outcome Parameter
The outcome parameters of the study were patient-related
parameters like sex, age, height, weight, and indications for
ECMO as well as outcome parameters like successful fascial
closure rate, mortality, length of stay in ICU after closure and
in total, length and kind of OA therapy, number of surgical
procedures performed, number of dressing changes concerning
NPWT, and number of surgical revisions.

Statistics
The data were prepared and analyzed in Microsoft Excel Version
14.1.0 (Microsoft Corp., Redmond, WA, United States). Data of
continuous variables are expressed as minimum, maximum, and
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TABLE 1 | Patient related data.

Patient Sex* Age** Height (cm) Weight (kg) BMI (kg/m2) Indications for ECMO

1 - 11–15 162 60 22.9 ARDS after pulmonary aspiration during CPR

2 - 31–35 185 85 24.0 Secondary ARDS (severe pancreatitis)

3 - 61–65 160 70 26.7 COPD

4 - 66–70 180 80 24.7 Thoracic trauma

5 - 61–65 178 92 29.0 Secondary ARDS due to severe pancreatitis

6 - 76–80 165 95 34.9 Ruptured pars membranacea (trachea) while tracheotomy

7 - 51–55 160 65 25.4 Viral pneumonia, (Influenza A, H1N1)

8 - 36–40 163 89 33.5 Bilateral, nosocomial, bacterial pneumonia

In total m = 4 (50%)

f = 4 (50%)***

56 (14–77)**** 164 (160–180)**** 82.5 (60–95)**** 26.1 (22.9–34.9)****

*Only summarized data.

**Presenting as a range (11–15, 16–20, 21–25, 26–30...).

***Counts (Percentage).

****Median (Min–Max).

m, Male; f, Female; BMI, Body mass index; ECMO, Extra corporeal membrane oxygenation; ARDS, Acute respiratory distress syndrome; CPR, Cardio pulmonary resuscitation; COPD,

Chronic obstructive pulmonary disease.

median. Binary and categorical variables are reported as counts
and percentages.

RESULTS

Between July 2015 and April 2020, we treated 421 patients on
ECMO in total. Among these, we identified 14 patients who
underwent decompressive laparotomy followed by the state of
an OA (8/421; 1.9%). In our analysis, only patients on ECMO
who developed ACS after cannulation were included (8/14; 57%).
Table 1 depicts data of these patients. All eight patients were
supported by veno-venous ECMO; one of them (12.5%) initially
was placed on veno-arterial ECMO, which was converted within
the 1st day of the ECMO support.

The median age of our male patients was lower than that in
our female patients (46.5 vs. 56.0 years).

Outcome data are depicted in Table 2. Two of the deceased
patients died with a non-closed abdomen (days 5 and 7 of
the OA). The other two patients died 1 and 16 days after
abdominal closure.

The median age of surviving patients was lower than the
median age of the patients who did not (46.5 vs. 56 years);
87.5% (7/8) of the ECMO patients with an OA were treated with
NPWT. In 62.5% (5/8), abdominal packing was implemented
initially or during the course. One patient was only treated
with abdominal packing. In all eight patients, we did not use
any other techniques of temporary closure than NPWT or
abdominal packing. Observing the four surviving patients, the
median duration of laparostoma was 30.5 days. The median
number of abdominal surgeries in the patients who survived
until final closure (6/8; 75%) was 12.5; the median number
of dressing changes during NPWT was 9.5. In three patients,
relaparotomy was required. One was due to ACS a few hours after
the first attempt of closure. The second was a planned exploration
after initial emergency surgery, and the third was due to acute

bleeding. In all four patients who did not survive, abdominal
packing had to be applied (100%), whereas only one of the four
surviving patients (25%) was treated with abdominal packing. In
two patients (25%), retroperitoneal hemorrhage appeared, while
in one patient, it was after initial trauma and thus not caused
by the placement on ECMO; in the second, it occurred after the
initiation of ECMO support. All abdominal findings during the
initial laparotomy were operable.

Themedian length of stay in ICU of the surviving patients was
42 days, and the median length of stay in ICU after closure was
20 days.

In six patients (6/8; 75%), laparotomy was the initial
procedure to relieve the elevated intraabdominal pressure, once
ACS has been diagnosed. In two patients (2/8; 25%), draining of
fluids was performed previously by puncture.

In all patients whose OA was finally closed, secondary wound
closure was performed in layers.We did not perform closure with
a partial defect of the abdominal wall or the usage of a mesh.
Complications during the OA such as enterocutaneous fistulas
or abscesses could not be found.

DISCUSSION

The huge impact of an increased intraabdominal pressure can
be seen in the impaired functions of multiple organs such as the
lungs, bowel, and the kidneys. That is why immediate diagnosis
and appropriate intervention is of vital concern (8, 9, 12–14).
This ranges from medical treatment of IAH to surgical treatment
when the patient’s condition aggravates or ACS develops (14).
To relieve the excess pressure, decompressive laparotomy, which
represents a non-anatomical situation, is considerable and leads
to an OA in many cases. Other causes for an OA are trauma, the
effects of abdominal sepsis, also leading to increased abdominal
pressure, and damage control surgery (1, 6, 15, 16). During this
surgical treatment, with an increased morbidity and mortality,
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TABLE 2 | Outcome parameters.

Patient

no.

Deceased Days on ICU Days with

OA

Days on ICU

after closure

Number of

surgical

procedures

Abdominal

packing

Negative

pressure

wound therapy

Number of

dressing changes

for NPWT

Number of

revisions

1 No 66 33 33 15 Yes Yes 11 1

2 No 73 71 1 26 No Yes 23 1

3 Yes* 115 9 16 4 Yes Yes 2 0

4 Yes* 12 12 12 5 Yes Yes 4 0

5 No 41 28 23 10 No Yes 8 0

6 No 43 22 17 9 No Yes 7 0

7 Yes** 25 5 n.a. 2 Yes Yes 0 0

8 Yes** 30 7 n.a. 2 Yes No n.a. 1

In total • No = 4 (50%)

• Yes = 4 (50%)***

42

(12–115)****

17 (5–71)**** 16.5

(1–33)****

7 (2–26)**** • No = 3

(37.5%)

• Yes = 5

(62.5%)***

• No = 1

(12.5%)

• Yes = 7

(87.5%)***

7 (0–23)**** 0 (0–1)****

*Death after fascial closure.

**Death before fascial closure.

***Counts (Percentage).

****Median (Min–Max).

ICU, Intensive care unit; OA, Open abdomen; NPWT, Negative pressure wound therapy.

the loss of fluids and temperature, as well as the desiccation of
the bowels, must be considered (6).

Multiple ways to manage an OA using temporary or, if
possible, final closing techniques are described in the literature.
Most of the temporary abdominal closure techniques, providing
protection to the abdominal viscera during the time the fascia
remains open, include negative pressure therapy techniques such
as vacuum packing and vacuum-assisted therapy (1, 17–19). One
major objective over the course of laparostoma is to prevent the
fascia from retraction, which leads to the impossibility of final
closure of the fascia. To prevent this or even to redress the fascia
gradually, a mesh can be sewn into the defect. Other options
are the sandwich and zipper technique, as well as the artificial
burr device or the Wittmann Patch. Although these techniques
finally provide a high primary closure rate, they may lead to a
remaining gap in the fascia (17, 20–22). Some authors describe
the Bogota bag or dynamic retention sutures to be considerable
options for temporary closure of the OA (17, 23). In general,
closure is recommended to be achieved at the earliest expected
time (1).

Depending on the cause for an OA in a given case, distinct
conditions can impair primary abdominal closure. These include
visceral edema, the inability to control a source of infection,
the necessity for second-look surgery or completion of previous
treatment, and severe cases of abdominal wall damage, especially
given in patients with penetrating trauma (15, 24). Patients who
fail primary closure may require a biologic fascial bridge with
subsequent fascia repair in the future (4).

In patients on ECMO, IAH can be detected by a
reduced flow in the return canula and generates end-organ
malperfusion. That is why ACS, followed by the performance
of decompressive laparotomy, should be considered in cases of
hemodynamic impairment or ECMO dysfunction, to diminish
complications (10, 11).

There is a paucity of literature about the development of an
ACS followed by laparostoma in ECMO patients, even though
ECMO is a risk factor for an increased intraabdominal pressure.
Due to the low number of cases, information about this subject,
especially about the duration of an OA including the number and
kind of surgical procedures in patients on ECMO, is rare. This
study gives an insight into the courses of disease for our patients
and their outcomes. We found a mortality rate of 50% and a final
closure rate of 75% (25% died before, 25% after final closure).
Only one patient (12.5%) required an unpredictable surgical
procedure on account of a major bleeding event. The techniques
used for temporary closure were NPWT and abdominal packing.
According to our research, abdominal packing seems to be
a risk factor with a potentially fatal outcome. As the OA in
ECMO patients is known to be a rare condition, the number of
patients we foundwas correspondingly not high enough to gather
universally valid information, but to provide data of a barely
investigated thematic area.

In the literature, we found a few studies referring to related
substances. McCann et al. performed a retrospective, single-
center cohort study with 355 patients on ECMO in 2019 (25).
The prevalence of emergency laparotomy in this study was 3.7%
(13/355). In six patients (6/13), the abdomen was closed in the
same procedure; in two patients (2/13), NPWT was used; and
in five patients (5/13), the Bogota bag was used. The mortality
rate was 69% among patients with emergency laparotomy
until hospital discharge. They described intraoperative major
hemorrhage to be rare (2/13; 15.4%). Among our patients,
two cases of bleeding could be identified, of which none was
intraoperative. One was due to initial trauma and one was during
ECMO support. In 2018, Glowka et al. analyzed 175 patients
who underwent ECMO support. Eleven out of 175 patients
developed an ACS and underwent decompressive laparotomy
(11/175; 6.3%). In four of these patients (4/11), ECMO support
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was performed as veno-venous, and in seven patients (7/11),
it was veno-arterial. Eight of them (8/11; 72%) died while in
the hospital, and age was described as a risk factor (15). In
comparison, the prevalence of laparotomy and the mortality in
our patient group was lower (1.9 vs. 3.7% and 6.3%; 50 vs. 69%
and 72%). As our median patient age was lower in the ones
who survived, we also suggest age to be a risk factor for a fatal
outcome. In all of our patients who did not survive, abdominal
packing was performed. That is why we believe abdominal
packing to be a risk factor with a potentially fatal outcome.
However, there is also a bias, since patients requiring abdominal
packing are usually in a worse condition than those who do not.
The low number of eligible patients in all these studies including
our analysis is an indication of the rare incidence of ACS in this
patient group rather than a significant quality of medical therapy.

We did not find any literature giving a more precise indication
about the state of an OA from the surgical point of view, like
type, duration, and number of surgical procedures in patients on
ECMO. Since none of our patients has had any kind of outpatient
follow-up after the inpatient stay, our study cannot describe any
long-term complications after the abdominal closure.

CONCLUSION

The development of ACS, leading to the necessity of
decompressive laparotomy followed by an OA, is a rare

complication of patients on ECMO support, but has a relevant
mortality. On the other hand, the secondary closure rate of the
fascia is very high. The need of abdominal packing seems to be
a risk factor for a fatal outcome. However, the small number of
our includable eight patients limits any conclusion. Accordingly,
a prospective multicenter study with more patients is necessary
to confirm our results.
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Introduction: Several different temporary abdominal closure techniques are described

in the context of open abdomen treatment. Techniques based on dynamic fascial

closure combined with negative pressure therapy have gained popularity and seem

to result in the highest fascial closure rates without increased complications and are

highlighted in recent guidelines and recommendations. One dynamic closure technique

is the vacuum-assisted wound closure and mesh-mediated fascial traction (VAWCM)

technique, first described in 2007. The aim of this systematic review was to evaluate the

VAWCM technique regarding a number of short- and long-term results.

Materials and Methods: A systematic literature search was performed in PubMed,

EMBASE, and Cochrane Library databases for articles published between January

1, 2006 and May 8, 2020. The review was independently performed by the

two authors according to the PRISMA statements for reporting systematic reviews

and meta-analyses. Results were pooled for presentation of weighted means

when applicable.

Results: A total of 220 articles were screened by title and abstract. Thirty-two articles

were assessed for eligibility by full-text review and 15 articles finally remained for review.

A total of 600 patients treated with VAWCM were included. The pooled weighted

means were as follows: fascial closure, 83.5%; enteroatmospheric fistula, 5.6%; planned

ventral hernia, 6.2%; in-hospital survival, 72%; and incisional hernia incidence, 40.5%.

Long-term survival ranged between 22 and 72%. Quality of life (SF-36) was reported

in two studies showing lower scores than the population mean especially in physical

domains. Incisional hernia resulted in lower scores in one but not in the other study.

Discussion: The results of 600 VAWCM-treated patients from 15 studies were

evaluated in this systematic review. Earlier findings with high fascial closure rates, low
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enteroatmospheric fistula, and planned ventral hernia rates as well as high incisional

hernia incidences were underlined. Permanent mesh for efficient fascial traction and

reinforcement at fascial closure seem to be the next step in evolving an optimal temporary

closure technique in open abdomen treatment.

Keywords: open abdomen, negative pressure wound therapy (NPWT), vacuum assisted wound closure and

mesh-mediated fascial traction, VAWCM, dynamic closure technique, temporary abdominal closure (TAC)

INTRODUCTION

Emergency conditions sometimes force surgeons to leave an
abdominal incision unclosed and thereby initiating a period
of open abdomen (OA) therapy. Meanwhile, a temporary
abdominal closure (TAC) technique is used to protect
the abdominal contents and to facilitate closure whenever
intraabdominal and patient’s overall condition is suitable. Causes
for OA treatment can roughly be classified into four categories:
(1) visceral edema and/or intraabdominal/retroperitoneal
swelling with reduced intraabdominal space, making
it mechanically impossible to close the abdomen; (2)
intraabdominal deep infection/peritonitis needing active
drainage; (3) damage control and/or planned second look
operation; and (4) indication for decompression in case of
abdominal hypertension or compartment syndrome (1). Due
to the critical conditions in these patients, it is important that
the utilized TAC technique minimizes the risk of complications
related to the OA, since prolonged periods of treatment are
associated with increased morbidity and mortality. Older static
TAC techniques, e.g., Bogota bag or placement of a temporary
mesh, did not facilitate closure and frequently resulted in large
planned ventral hernias and concomitant morbidity.

With the introduction of negative pressure wound therapy
(NPWT), the OA treatment techniques started to evolve. The
novel vacuum-assisted wound closure and mesh-mediated facial
traction (VAWCM) technique, combining negative pressure
wound therapy and fascial traction, was described from our
department in 2007 (2). The VAWCM technique was evaluated
in a prospective multi-center cohort study presenting a fascial
closure rate per protocol of 89%. However, long-term follow
up showed a 54% incisional hernia (IH) incident in patients
surviving 5 years, with a need for surgical repair in one third (3).

After the introduction of the VAWCM technique, several
authors have adopted the technique and published their results.
In a review article in 2017 (4), 11 studies evaluating the VAWCM
technique was included with high fascial closure rates reported
in most populations, while long-term IH development was only
reported in 3. In these populations, high IH incidence after
VAWCM was evident.

The European Hernia Society (EHS) published guidelines for
OA treatment in 2018 (5), recommending the use of dynamic
closure techniques. A recent review (6) on articles including
short-term outcome of dynamic closure techniques published
during the last 3 years updated the search done in the EHS
guidelines and reported similar results for the different included
dynamic closure techniques. In that review, the VAWCM
technique dominated among the dynamic closure techniques.

Furthermore, the World Society of Emergency Surgery (WSES)
together with the Abdominal Compartment Society (WSACS)
also recommend a dynamic closure technique with VAWCM to
be used for OA treatment (7). The review and guideline articles
share the conclusion that evidence inOA treatment is weak (5–7).
A probable explanation is the low incidence of OA treatment per
center together with the vast heterogeneity among OA patients
and thereby great difficulties in performing randomized trials.

When fascial closure can be achieved in a high number
of patients, the importance of evaluation of long-term results
becomes evident. The purpose of this systematic review,
performed in accordance with the PRISMA recommendations,
is to update the present evidence for OA treatment with the
VAWCM technique regarding short- and long-term results, with
special attention to long-term outcome.

MATERIALS AND METHODS

Electronic database searches from January 1, 2006 to
May 8, 2020 were conducted in MEDLINE (PubMed),
EMBASE, and Cochrane Library Online with the purpose
to identify all publications in English on OA treatment
with the VAWCM technique. For detailed search terms, see
Supplementary Material.

The review was performed according to the PRISMA
(Preferred Reporting Items for Systematic reviews and Meta-
Analyses) guidelines (8). The articles identified from the
searches were initially screened for removal of duplicates and
thereafter for inclusion on titles and abstracts. Full-text articles
were assessed for eligibility whereafter the reference lists of
these papers were scrutinized for additional eligible articles.
Furthermore, reference lists from identified guideline articles on
the matter were scrutinized. All articles, regardless of evidence
level, were considered eligible for inclusion. Case reports with
<5 patients, reviews, and guidelines were excluded. Furthermore,
articles where major modifications of the VAWCM technique
were utilized were excluded. The selection process was done by
the two authors independently, and articles were included in
mutual agreement.

Patient characteristics for the study populations (age, number
of patients, and pathogenesis) were noted. Outcome variables
of interest were fascial closure rate, time to fascial closure,
number of dressing changes, enteroatmospheric fistula (EAF),
and planned ventral hernia incidence, in-hospital survival and
mortality, follow-up time, IH development and repair, long-
time survival rate, and quality of life (QoL). Absence of data
on some of the abovementioned outcome variables was not
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cause for exclusion. In some studies, another TAC technique
besides VAWCM was used for some of the patients. From such
articles, the results for VAWCM-treated patients were extracted
and included.

The Vacuum-Assisted Wound Closure and

Mesh-Mediated Facial Traction (VAWCM)

Technique
The VAWCM technique was described in detail by Petersson
et al. (2). In summary, if an OA cannot be closed at the first
dressing change, the mesh is applied and mesh-mediated fascial
traction is started. A heavyweight polypropylene mesh is divided
into two halves and sutured with a 2–0 running polypropylene
suture with narrow bites to the fascial edges in an in-lay position
on each side, whereafter the intraabdominal visceral protection
layer of the NPWT system is applied. It is crucial that the visceral
protection layer is tucked out as far laterally as possible to prevent
adhesion formation between the intraabdominal content and
the abdominal wall. The two mesh halves are thereafter pulled
together under tension and sutured in the midline. The mesh-
mediated tension on the abdominal wall prevents retraction
of the lateral muscles, facilitating closure. The subcutaneous
polyurethane foam is then placed between the abdominal wall

edges, whereafter occlusive self-adhesive polyethylene films are
applied to seal the wound. The tubing set is then applied, and the
therapy unit of the NPWT system is set to −125 to −150 mmHg
with continuous pressure.

Every 48–72 h, the abdominal dressing is changed. The tubing
set, occlusive self-adhesive polyethylene films, and subcutaneous
polyurethane foams are removed, and the mesh halves are
opened in the midline. The intraabdominal visceral protection
layer is removed. When the abdominal cavity has been carefully
inspected and loose adhesions are divided, a new intraabdominal
visceral protection layer is placed, and the mesh halves are re-
sutured under tension in the midline. It is important to try to
reduce the diastasis at each dressing change.

When the fascial edges can be aligned in the midline, the
mesh is removed by cutting the running suture holding the
mesh in the in-lay position and the incision is then closed by a
running absorbable suture, carefully following the principles of a
suture-to-wound ratio of 4:1.

Statistics
Data from the different studies were pooled for description of
weighted averages when applicable.

FIGURE 1 | Flowchart for patient selection according to the PRISMA guidelines.
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RESULTS

The MEDLINE (PubMed) search yielded 157 articles, the
EMBASE search yielded 174 articles, and the Cochrane Library
search yielded 0 articles. The identified articles were screened
for duplicates, and the remaining 220 articles were screened
by title and abstract. Of those, 32 articles were assessed for
eligibility by full-text review. After exclusion, 15 articles were
included in the review. Some of the articles only included parts
of the outcome variables of interest for this review. Reasons for
exclusion of full-text reviewed articles were as follows: <5 or
unknown number of patients treated with VAWCM (n = 2); a
different TAC technique was used (n = 2); VAWCM with major
modification (n = 7); treatment method not described/results
not specified for VAWCM (n= 2); subgroup analysis from other
included study population (n = 2); only other outcome variables
evaluated (n = 1); and intermediate result from other included
study population (n = 1). For details, see the PRISMA flow
diagram (Figure 1).

Study and Patient Characteristics
Of the 15 articles included, 6 were prospective (3, 9–13) and
9 were retrospective (2, 14–21). No study was randomized,
and most studies were observational with only one treatment
group. Four reports (15, 18, 19, 21) included other techniques
beside VAWCM, fromwhich the VAWCM results were extracted.
The study populations ranged between 7 and 111 with a
mean of 40, and 600 patients were totally included (2, 3,
9–21). Thirteen articles included surgical patients, some in
combination with vascular and/or trauma patients, one included
only vascular patients, and the last article only included patients
with peritonitis. For details on the included articles and patient
characteristics, see Table 1.

Short-Term Results
Twelve of fifteen articles reported on short-term outcomes (see
Tables 2, 4). The fascial closure rate per protocol varied between
50 and 100% (2, 9, 10, 13–21) with a pooled weighted average rate,
for 11 studies, of 83.5%. Time to fascial closure varied between
7 and 32 days, and the number of dressing changes between
2 and 10. EAF development was seen in 0–12% (2, 9, 10, 13–
17, 20) with a pooled weighted average of 5.6% and planned
ventral hernia incidence varied between 0 and 50% (2, 9, 10, 13–
16, 18, 20, 21) with a pooled weighted average of 6.2%. The pooled
in-hospital survival was 72% with range between 55 and 87%
(2, 9, 10, 13–17, 20).

Long-Term Results
Six of fifteen articles reported on long-term outcomes (see
Tables 3, 4). The follow-up time was 17–63 months (3, 9, 11,
12, 16, 21). IH rate was 21–54% (3, 9, 11, 16, 21), and the
pooled weighted average was 40.5%. IH repair, in the two studies
reporting on this, was 33 and 42%, respectively (3, 11). The
survival rate at follow-up was reported in four studies and ranged
between 22 and 72% (3, 11, 16, 21). Two articles presented data
on QoL using the SF-36 questionnaire. In one of the studies
(3), both component scores and all subscales except bodily pain

were lower than the population mean and correlated with major
comorbidity and the presence of a stoma. In that study, no
differences in SF-36 scores were found between patients with
and without an IH. Neither did abdominal wall discomfort differ
in relation to IH, when evaluated with the Ventral Hernia Pain
Questionnaire. In the other study (12), lower scores for role
physical, physical function, and physical component score were
reported and correlated with the complex intensive care score
being a surrogate marker of severity of global illness. Patients
with an IH scored lower than the total study population as well as
the population mean in the same domains.

DISCUSSION

This is an update of the review on VAWCM-treated patients
published in 2017 (4). In this review, five additional studies
meeting our inclusion criteria have been included (12, 14, 17,
20, 21), adding data on both short- and long-term outcomes.
Fifteen articles were included in this review displaying great
heterogeneity among patients with different pathogeneses,
comorbidities, and causes for OA therapy.

Optimization in the management of OA patients, whether
treated with VAWCM or other TAC techniques, is of
fundamental importance for the results and must be emphasized.
The desire to close the OA as quickly as possible, to prevent
complications induced by the OA as such, must be balanced
against organ dysfunction needing further decompression,
the possibilities of accomplishing negative fluid balance for
reducing visceral edema, the need of further drainage, or delayed
reconstructive measures. While taking this into consideration,
the surgical performance needs to be optimized. For VAWCM,
this implies starting the traction early during OA treatment
and performing every dressing change and mesh tightening
procedure in time with the intention and skill to reduce the
fascial diastasis successively, i.e., every 2–3 days, daytime by
a surgeon familiar with the technique and for a long enough
period of time to achieve fascial medialization and closure.
By own experience, we know that it can be hard to comply
with these prerequisites for optimal utilization of the VAWCM
technique, which, however, must be strived for in order to
improve outcome. Besides the almost unanimous compliance
with dressing change intervals, it is not possible to evaluate the
other important factors in the included studies.

The review revealed per-protocol fascial closure rates between
50 and 100%. Failure of fascial closure necessitates an alternative
measure when terminating the OA. The alternatives utilized in
the included studies have been leaving the patient with a large
planned ventral hernia, closure with mesh bridging, or fascial
closure with component separation. The incidence of planned
ventral hernias varied between 0 and 50% (2, 9, 10, 13–16, 18,
20, 21) with a pooled weighted average of 6.2%. The use of
mesh bridging (10, 16, 18, 21) or component separation (20)
lowered the planned ventral hernia rate but was not part of the
basic idea of the VAWCM technique and must be considered
a failure in evaluation of the technique. This vast variation
in closure and planned ventral hernia rates might depend on
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TABLE 1 | Included articles and patient characteristics.

References Article title Author

(year)

Study

design

Inclusion

period

VAWCM

patients (n)

Type of

patients

Age, years

(median)

Long-term

follow-up

(2) Vacuum-assisted wound closure

and mesh-mediated fascial

traction—a novel technique for

late closure of the open

abdomen

Petersson

et al. (2007)

Retrospective 2005–2006 7 Surgical,

vascular,

trauma

65 No

(9) Early results after treatment of

open abdomen after aortic

surgery with mesh traction and

vacuum-assisted wound closure

Seternes

et al. (2010)

Prospective 2006–2009 9 Vascular 70 Yes

(10) Multicenter prospective study of

fascial closure rate after open

abdomen with vacuum and

mesh-mediated fascial traction

Acosta et al.

(2011)

Prospective 2006–2009 111 Surgical,

vascular,

trauma

68 No

(14) Promising results after

vacuum-assisted wound closure

and mesh-mediated fascial

traction

Kleif et al.

(2012)

Retrospective 2009–2011 16 Surgical,

non-trauma

66 No

(15) Vacuum and mesh-mediated

fascial traction for primary

closure of the open abdomen in

critically ill surgical patients

Rasilainen

et al. (2012)

Retrospective 2008–2010 50 Surgical (ACS

47%)

60 No

(16) Vacuum with mesh is a feasible

temporary closure device after

fascial dehiscence

Bjørsum-

Meyer et al.

(2013)

Retrospective 2008–2012 18 Surgical 64 Yes

(13) Management of the open

abdomen using vacuum-assisted

wound closure and

mesh-mediated fascial traction

Willms et al.

(2015)

Prospective 2006–2012 53 Surgical,

trauma

53 (mean) No

(3) Quality of life and hernia

development 5 years after open

abdomen treatment with

vacuum-assisted wound closure

and mesh-mediated fascial

traction

Petersson

et al. (2016)

Prospective 2006–2009 50 Surgical,

vascular,

trauma

70 Yes

(17) Retrospective analysis of a

VACM (vacuum-assisted closure

and mesh-mediated fascial

traction) treatment manual for

temporary abdominal wall

closure—results of 58

consecutive patients

Beltzer et al.

(2016)

Retrospective 2007–2008 31 Surgical 67 No

(11) Abdominal wall integrity after

open abdomen: long-term

results of vacuum-assisted

wound closure and

mesh-mediated fascial traction

(VAWCM)

Willms et al.

(2016)

Prospective 2006–2013 34 Surgical,

trauma

56 (mean) Yes

(18) Greater success of primary

fascial closure of the open

abdomen: A retrospective study

analyzing applied surgical

techniques, success of fascial

closure, and variables affecting

the results

Kääriäinen

et al. (2017)

Retrospective 2009–2013 30 Surgical,

Vascular

– No

(19) Open abdomen treated with

negative pressure wound

therapy: Indications,

management and survival

Seternes

et al. (2017)

Retrospective 2006–2014 92 Vascular,

surgical,

trauma (ACS

44%)

– No

(Continued)
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TABLE 1 | Continued

References Article title Author

(year)

Study

design

Inclusion

period

VAWCM

patients (n)

Type of

patients

Age, years

(median)

Long-term

follow-up

(20) Open abdomen with

vacuum-assisted wound closure

and mesh-mediated fascial

traction in patients with

complicated diffuse secondary

peritonitis: A single-center 8-year

experience

Tolonen et al.

(2017)

Retrospective 2008–2016 41 Peritonitis 59 No

(12) Intensive care and health

outcomes of open abdominal

treatment: long-term results of

vacuum-assisted wound closure

and mesh-mediated fascial

traction (VAWCM)

Willms et al.

(2017)

Prospective 2006–2013 27 Surgical,

trauma

56 (mean) Yes

(21) Blurring the boundary between

open abdomen treatment and

ventral hernia repair

Käser et al.

(2019)

Retrospective 2013–2015 31 Surgical,

septic

peritonitis

58 Yes

patient and pathogenic heterogeneity, but the ability to utilize
and perform the technique in an optimal way in each patient is
likely to contribute to the differences to an even larger extent.
Nevertheless, the high weighted average closure rate of 83.5%
must be considered a good result, implying that the VAWCM
technique is reproducible and relatively simple.

A feared complication during OA therapy is the development
of an EAF, which has been shown to be a significant predictor
of failure of fascial closure and possibly also of mortality in
OA patients (10, 22) even if an interim analysis from the
International Registry of Open Abdomen did not find any EAF
impact on mortality (23). A word of caution was raised when
NPWT for OA treatment was popularized (24, 25). A damaging
effect of the negative pressure, supposed to propagate to the
bowel surface, was proposed to be the pathogenic mechanism.
With use of a visceral protective layer, it appears as the
negative pressure propagation to the bowel surface is significantly
reduced, independently of preset negative pressure, according to
the results of an experimental porcine study (26). The concern for
NPWT-induced EAF development has later been toned down as a
result of increased experience with the technique and succeeding
publications stating that the use of NPWT in OA patients, on
the contrary, seems to reduce the incidence of EAF compared to
non-NPWT-treated patients, especially when combining NPWT
with fascial traction (27). In this review, the weighted average for
EAF formation was 5.6% (range 0–12%), which is in the lower
range of earlier published results for OA treatment, regardless
of treatment technique (23, 27). Multiple studies have, as shown
in this review, evaluated the VAWCM technique without finding
proof of problematic EAF formation rates.

The weighted average for in-hospital survival for patients
treated with VAWCM in this review was 72%, i.e., 28% in-
hospital mortality, which is in line with other reports. For
comparison, a systematic review (28) reported in-hospital
mortality rates, from 12 studies including 2733 patients, between
14 and 59% with a weighted average mortality rate of 31.3%.

The short-term results in this updated review strengthen the
previously found high fascial closure rates, low planned ventral
hernia and EAF rates.

Long-term results were reported in six articles with median
follow-up of 17–63 months. IH rates were reported in five
studies ranging from 21 to 54% at the latest follow-up occasion
(3, 9, 11, 16, 21), resulting in a weighted average of 40.5%.
Clinical examination was the basis for IH diagnosis in three of
the studies. In two of the three prospective studies, the protocol
included a CT scan (3) or an ultrasound (11) contributing to
higher sensitivity in IH diagnosis (3). These two studies had a
reasonable number of patients eligible for follow-up and reported
54 and 35% IH, respectively (3, 11). The high IH rates and
the resulting 30–40% IH repair rate from the former review
on the technique was thereby underlined. IH rates in the same
range have been reported after use of other fascial traction
techniques not including any fascial reinforcement at definitive
closure (29, 30).

Long-term survival varied largely, from 22 to 73%, in the
four studies reporting on this (3, 11, 16, 21). This most certainly
accounts for differences in age, comorbidities, and causes for OA
treatment, and a major loss to follow-up must be anticipated
whenever OA long-term results are to be evaluated.

Only two articles reported on QoL, and both showed that
patients treated with OA had lower SF-36 scores than the
population mean (3, 12), but the presence of an IH influenced the
scores negatively only in one of the studies. In one of the studies
(3), the scores were overall lower than the Swedish population
mean and correlated with major comorbidity and the presence
of a stoma but not with the presence of an IH. Furthermore,
no differences in abdominal wall discomfort were found between
patients with and without an IH when evaluated with the Ventral
Hernia Pain Questionnaire. In the other study (12), lower scores
than the German population mean for physical domains were
reported and correlated with the complex intensive care score
being a surrogate marker of severity of global illness. Patients
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TABLE 2 | Short-term outcome.

References Author (year) Patients alive at

OA closure

FC per protocol,

%*

Time to closure,

days (median)

Dressing

changes, n

(median)

EAF (%)* Closure with

mesh bridging

(%)
†

Closure with

adjunct CS (%)

Small fascial

defect at closure

(%)±

Planned ventral

hernia*

In-hospital

survival (%)*

(2) Petersson et al.

(2007)

7 100 32 10 0 0 0 0 0 86

(9) Seternes et al.

(2010)

8 100 10.5 3 0 0 0 0 0 66

(10) Acosta et al.

(2011)

95 89.5 14 4 6.3 8.4 0 2.1 0 70

(14) Kleif et al. (2012) 14 50 10 4 0 0 0 0 50 87

(15) Rasilainen et al.

(2012)

42 92.9 9 3.5 12 0 0 0 7.1 62

(16) Bjørsum-Meyer

et al. (2013)

15 80 21 3 0 13.3 0 0 6.7 83

(13) Willms et al. (2015) 47 89.4 10 6.2 (mean) 1.8 0 0 0 10.6 87

(17) Beltzer et al.

(2016)

31 61 – – 6.5 – – – – 55

(18) Kääriäinen et al.

(2017)

30 83.3 20.6 (mean) – – 10 0 0 6.7 –

(19) Seternes et al.

(2017)

– 84 – – – – – – – –

(20) Tolonen et al.

(2017)

36 83.3 7 2 7.3 0 8.3 2.8 5.6 71

(21) Käser et al. (2019) 31 58 – 5 – 42 0 0 0 –

FC, Facia closure; EAF, enteroatmospheric fistula; CS, component separation. *Outcome included in the pooled data presented in Table 4. †Closure with mesh bridging when fascial closure was not possible. ‡Facial closure without

mesh was achieved after component separation. ±Fascial closure achieved in major part of the incision with smaller fascial defect remaining.
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TABLE 3 | Long-term results.

References Author (year) Follow-up time,

months (median)

Patients eligible

for follow-up (n)

IH after FC (%)* IH repair (% of

IH)*

Long-term

survival (%)

QoL comments

(9) Seternes et al.

(2010)

17 6 38 – – –

(16) Bjørsum-Meyer

et al. (2013)

21 14 21 – 72.2 –

(3) Petersson et al.

(2016)

63 50 54 33 49.5 SF-36: Generally

lower scores

except BP. No

difference between

IH and non-IH.

(11) Willms et al. (2016) 46 34 35 42 73 –

(12) Willms et al. (2017) 46 – – – – SF-36: Lower

physical domains.

Hernia patients

had lower PF, GH,

and PCS than

others.

(21) Käser et al. (2019) 24 9 22 – 22 –

IH, Incisional hernia; QoL, Quality of Life. *Outcome included in the pooled data presented in Table 4.

TABLE 4 | Pooled data.

Outcome variable Pooled result* (%)

Fascia closure rate per protocol 83.5

Enteroatmospheric fistula 5.6

Planned ventral hernia 6.2

In-hospital survival 72.0

Incisional hernia after fascia closure 40.5

Incisional hernia repair 35.8

*See Tables 2, 3 for included article.

with an IH scored lower than the total study population as well
as population mean in the same domains. In view of the sparse
information on QoL after OA treatment found in the literature,
it is of importance to include QoL evaluation in upcoming
study protocols.

Articles reporting on long-term results was six, which is twice
the number compared to the earlier review (4). A high IH rate
was underlined, but data on QoL were only added from one
study indicating a lower QoL after OA treatment than in the
population mean.

Reporting weighted averages or pooled outcomes provides
a more accurate view of the combined results from many
studies with a wide range of included patients, but this
review also has several weaknesses attached. No article on the
VAWCM technique was randomized, and more than half of the
articles were retrospective with low to very low evidence level.
Heterogeneity in pathogenesis, severity of illness, and patient
characteristics together with a relatively infrequent use of OA at
a single institution are reflected in the quality of many of the
included studies and also inflict problems in conducting good
RCTs and thereby improve the level of evidence in this research

area. Four reports (15, 18, 19, 21) included other techniques
beside VAWCM, and results for VAWCM had to be extracted,
which may inflict a risk of misinterpretation of data. Intention-
to-treat analyses were not possible due to missing data, and
therefore, results per protocol on patients surviving until fascial
closure was attempted were the only option for many of the
outcome variables. There is also a minor risk that a small number
of patients may be reported in more than one article, but where
the suspicion was obvious, only one of the reports were included.

Conclusion
Dynamic fascial closure combined with NPWT, as in the
VAWCM technique, seems to provide the best OA treatment
results according to today’s knowledge, albeit mostly based on
weak evidence (5–7). The VAWCM technique is not the only
technique based on this combination but mesh-mediated fascial
traction plus NPWT is today best evaluated with high fascial
closure rates, low EAF and planned ventral hernia rates, but high
IH rates. The future challenges formesh-mediated fascial traction
plus NPWT-based techniques are short term to further increase
fascial closure and long term to reduce IH rates. Permanent mesh
for traction and reinforcement at fascial closuremay solve both of
these problems but need to be prospectively evaluated (1, 31, 32).
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Introduction: Incisional hernia development after open abdomen therapy (OAT) remains

a common complication in the long run. To demonstrate the feasibility, we describe our

method of prophylactic onlay mesh implantation with definitive fascial closure after open

abdomen therapy (PROMOAT). To display the feasibility of this concept, we evaluated the

short-term outcome after absorbable and non-absorbable synthetic mesh implantation

as prophylactic onlay.

Material and Methods: Ten patients were prospectively enrolled, and prophylactic

onlay mesh (long-term absorbable or non-absorbable) was implanted at the definitive

fascial closure operation. The cohort was followed up with a special focus on incisional

hernia development and complications.

Results: OAT duration was 21.0 ± 12.6 days (95% CI: 16.9–25.1). Definitive fascial

closure was achieved in all cases. No incisional hernias were present during a follow-up

interval of 12.4 ± 10.8 months (range 1–30 months). Two seromas and one infected

hematoma occurred. The outcome did not differ between mesh types.

Conclusion: The prophylactic onlay mesh implantation of alloplastic, long-term

absorbable, or non-absorbable meshes in OAT showed promising results and only a

few complications that were of minor concern. Incisional hernias did not occur during

follow-up. To validate the feasibility and safety of prophylactic onlay mesh implantation

long-term data and large-scaled prospective trials are needed to give recommendations

on prophylactic onlay mesh implantation after OAT.
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INTRODUCTION

Open abdomen therapy (OAT) is defined as the deliberate
decision not to close the fascia at the end of laparotomy (1).
This treatment strategy is an established cornerstone in the
surgical management of critically ill patients with intraabdominal
pathologies to reduce surgical traumatization. It has been shown
that OAT reduces morbidity and mortality in patients with
depleted systemic resources due to severe abdominal trauma or
gastrointestinal disease (2).

The primary treatment goal is the sequential control of
infectious or traumatic foci. Secondarily, the key issues are swift
fascial closure and the prevention of enteroatmospheric fistulas
(1). Vacuum-assisted wound closure nd mesh-mediated fascial
traction (VAWCM) and other OAT techniques, which combine
the synergistic effects of negative pressure wound therapy and
dynamic fascial traction are the best available options for
OAT nowadays (3). However, repetitive abdominal surgeries are
necessary, which results in reasonable cumulative traumatization
of the abdominal wall.

Incisional hernias are common complications of abdominal
surgery with a reported incidence of at least 3–20% after
laparotomies (4). Little is published on the specific aspects
of incisional hernia development after OAT; however some
monocentric retrospective studies showed the incisional hernia
incidence after OAT to be far higher (35–66%) than after regular
laparotomies (5–9). The development of incisional hernias
depends on various factors such as surgical technique (e.g.,
incision type, suture technique, and material) or comorbidity
(i.e., aortic aneurysm, obesity) (10, 11).

Incisional hernia development is associated with an impaired
outcome, as the functional properties of the abdominal wall are
altered, incarceration and emergency surgeries are omnipresent
risks, and pain is a frequent symptom (12). Research data showed
the reduced quality of life (SF36 questionnaire) in patients with
an incisional hernia after OAT (5). Moreover, hernia repair itself
comes with remarkable perioperative risks, especially if complex
abdominal wall reconstruction becomes necessary due to giant
hernias with an intestinal loss of domain condition (13).

Prophylactic mesh implantation is shown to be beneficial
in high-risk patients with midline laparotomies (14, 15). Risk
factors in that context are considered to be either patient-specific
or surgery-relates. The former ones include factors such as
obesity, connective tissue disorders or aortic aneurysms, diabetes,
smoking, and corticosteroid medication (16). The most relevant
factor associated with the surgical procedure itself is the actual
technique of how fascial closure is obtained. The European
Hernia Society has given recommendations on fascial closure,
which involve the use of long-term absorbable sutures and a
suture length to wound length (SL:WL) ratio of at least 4:1
(9, 11, 17).

A remarkable amount of evidence on prophylactic mesh
implantation in high-risk patients after laparotomies has been
grown (14, 17). Borab et al., for example, reported a reduction of
incisional hernia risk of 85% (15). However, this comes at the cost
of a higher seroma rate. These results were recently confirmed for
emergency laparotomies, as well (16). Put these findings together;

it seems reasonable to suppose that the fascial closure after OAT
is a similar high-risk situation, both in terms of patient-specific
or surgical-technical factors (11).

Currently, there is no evidence on prophylactic mesh
implantation during delayed primary fascial closure operation
after OAT. To display the feasibility of prophylactic onlay mesh
implantation after OAT (PROMOAT), we evaluated the short-
term outcome after absorbable and non-absorbable synthetic
mesh implantation as prophylactic onlay.

MATERIALS AND METHODS

Description of Surgical Technique
The original technique of OAT (Koblenz Algorithm) has been
described in detail previously (18). In this study, we present
an amended method as a prophylactic onlay mesh is implanted
at the delayed primary fascial closure operation (Koblenz
Algorithm 2.0, Figure 1).

Patients with the indication for OAT and in whom primary
fascial closure is impossible during the abdominal surgery
are treated with a commercially available OAT dressing kit
(ABTheraTM SensaTRACTM Open Abdomen Dressing, KCI
Medical/3M, Maplewood, MN, United States). To protect the
viscera from serosal lesions and prevent enteroatmospheric
fistulas, a visceral protective layer integrated into the abdominal
vacuum foam is implanted (19). It is placed deep laterally in the
paracolic spaces to prevent lateral adhesions.

A scheduled second-look operation after 48–72 h is
performed, and the decision is made whether it is possible
to close the abdomen or to continue OAT. This initial period
was considered the acute phase; hence in the former case, the
abdominal fascia is closed following the recommendations by the
EHS (17) but without a prophylactic onlay mesh. If the OAT has
to be continued, an alloplastic non-resorbable mesh is sutured
in inlay position to the fascial edges to achieve mesh-mediated
fascial traction (VAWCM). The mesh is divided in the midline,
and each half is sutured to the fascial edges with a resorbable
running suture until it was sutured in the midline maintaining
continuous moderate traction of the fascia. In the next step,
another vacuum foam is cut to the size of the laparostomy and
placed on the mesh. Then, the wound is closed with adhesive foil,
and the suction is applied. Usually, a negative pressure of 75–100
mmHg is reasonable, but in special conditions (i.e., impaired
coagulation), this is reduced to 25 mmHg.

During the next operation, the mesh is was re-opened in the
midline, and the surgical revision is obtained. Depending on the
intrabdominal pressure and swelling of the intestines, the fascial
dehiscence is reduced by suturing themesh tighter in themidline.
This leads to continuous and progressive fascial traction and
hence facilitates the delayed primary fascial closure.

As soon as it is considered possible, the mesh is removed,
and the abdominal fascia is closed with a slowly absorbable
running suture (Monomax R©, poly-4-hydroxybutyrate, B.
Braun, Melsungen, Germany) following EHS guidelines of
the abdominal wall closure (17). This condition is defined as
definitive fascia closure, i.e., the complete closure of the fascia
edges with no remaining fascial gap (fascia-to-fascia closure) and
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FIGURE 1 | The amended Koblenz Algorithm (2.0) with special focus on the prophylactic onlay mesh implantation at the end of OAT.

is a pre-requisite for onlay mesh augmentation and inclusion in
this study.

To prepare the abdominal wall for onlay mesh implantation, a
sufficient dissection is done to warrant an epifascial overlap of at
least 5 cm in all directions from the fascia-to-fascia closure. Either
an alloplastic long-term absorbable mesh (TIGR R©Matrix, Novus
Scientific, Uppsala, Sweden) or an alloplastic non-absorbable
mesh (Dynamesh CICAT, Dahlhausen, Aachen, Germany) is
used for augmentation in onlay position in this study cohort.
The reason for using two different mesh types was to check
for feasibility in the OAT setting, and not to compare the
outcomes. As the implantation of alloplastic material in patients
with the history of peritonitis seemed potentially risky, we chose
a two-step approach. Initially, the long-term absorbable mesh
was implanted. After we observed no complications requiring
invasive treatment, we also tried the implantation of the non-
absorbable mesh because there is recent evidence that the risk
of mesh infection and the need for explantation depends on the
specific mesh material (20).

The mesh is fixed to the fascial tissue underneath with
an absorbable running suture (Vicryl, polyglactin, B. Braun,
Melsungen, Germany) and a negative pressure wound therapy
(NPWT) is applied with continuous suction of 100 mmHg.

NPWT dressings are changed at least two times until the onlay
mesh is sufficiently integrated with granulating tissue, as we
assume the mesh-associated seroma/hematoma risk to be lower.
Afterwards, secondary wound closure with the placement of
suction drains is performed (Figure 2). In particular, secondary
wound closure is obtained in two layers with a subepidermal
slowly absorbable suture and non-absorbable single epidermal
stitches after subtle excision of the dermal wound edges.
Additionally, Figure 3 shows the post-operative course after
definitive fascial closure.

Patient Population and Study Design
Patients have been prospectively included in this study.

Inclusion criteria were as follows:

• OAT at our facility between July 2017 and March 2020
(Figure 4)

• Definitive fascial closure (no remaining fascial gap)
was possible, and a prophylactic onlay mesh has been
implanted (PROMOAT)

Patients were excluded due to these reasons if the prophylactic
onlay mesh implantation has been considered unfeasible:
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FIGURE 2 | Detailed procedure of delayed primary fascial closure and

prophylactic onlay mesh implantation.

• Surgeon’s individual decision
• Expected survival was less than half a year
• End of OAT and definitive fascial closure was possible yet at

the second look operation (acute phase of Koblenz Algorithm)
• Further abdominal surgery (e.g., ostomy reversal)

was scheduled

The primary endpoint of this study was the occurrence of
an incisional hernia during follow-up. Secondary endpoints
were post-operative complications like seromas, hematomas,
bleeding, burst abdomen, surgical site infections (SSI), and any
complication with the indication for a redo surgery. Surgical site
infections were defined by the CDC criteria (21). In this study,
every CDC type of SSI (superficial, deep, and organ space) was
considered a SSI. Complications have been classified following
Clavien and Dindo (22). Invasive treatment of a complication
was considered Clavien-Dindo grade III or higher, whereas non-
invasive actions that had to be taken were grades I and II.

Patients’ age, sex, and BMI, as well as the underlying
disease and current surgical history, have been retrieved from
the charts. Furthermore, surgery-related data, e.g., remaining
dehiscence/fascial gap length and width, type of mesh, size, and
fixation, have been documented. Lastly, the post-operative pain
was rated with the numerical rating scale (NRS), 0 no pain; 10
worst pain). This scale is a simple 11-item scale that is commonly
used as a pain assessment tool in the clinical routine and research
(23). The patients were asked to rate their level of pain on a scale
of 0 to 10.

Data Management and Statistical Analysis
The collected data has been stored after pseudonymization.
Informed consent has been obtained from the patients or their
legal representatives. The local ethics committee approved this
study (No. 2020-14884 of 25 March 2020).

The data analysis has been done with Excel (Excel 2016,
Microsoft Corp., Redmont, United States) and SPSS (SPSS
Statistics 20, IBM, Armonk, United States). Descriptive statistics
have been calculated. Metric data is given in means ± standard
deviation and 95% confidence interval. Categorical data are
reported as proportions (percentages).Due to the low n, we
assumed the data not to be normally distributed. Therefore,
differences between groups were tested with either contingency
tables (Chi-square or Fisher’s exact test) or with the non-
parametric Mann–Whitney-U-test depending on the data scale.
The level of significance was set with p < 0.05.

RESULTS

Ten patients were included in this analysis and were treated with
PROMOAT. The majority of the patients were males (90%). The
mean age was 49.4± 15.9 years (95% CI: 60.4–71.1). The patients
had a mean body mass index (BMI) of 26.2 ± 6.2 kg/m² (95%
CI: 24.7–28.8). These parameters did not differ between the two
mesh groups.

The indications for OAT were trauma (2 cases, 20%),
peritonitis (4 cases, 40%), and ACS or burst abdomen (4
cases, 40%) (Figure 5). There was no trauma among the long-
term absorbable mesh patients. Underlying diagnoses are given
in Table 1.

OAT duration was 21.0 ± 12.6 days (95% CI: 16.9–25.1).
Definitive fascial closure was achieved in all cases. In 5 cases
(case no. 1–5; 50%), a long-term absorbable alloplastic mesh
was implanted and a non-absorbable alloplastic mesh in the
remaining cases (case no. 6–10; 50%). OAT duration was for
the long-term absorbable mesh group 28.3 ± 11.9 days (95% CI:
22.4–34.1) and for the non-absorbable mesh group 19.2 ± 12.6
days (95% CI: 13.6–24.7). This difference was not statistically
significant (p= 0.111).

The mesh and fascial gap sizes are given in Table 2. The
dimensions of the implanted meshes were 3- to 5 fold the sizes
of the remaining fascial defect when definitive fascial closure was
performed. Figure 6 visualizes the relations of mesh overlap.

The follow-up interval was in mean 12.4 ± 10.8 months
(range 2–30 months). The long-term absorbable mesh group
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FIGURE 3 | Post-operative course after definitive fascial closure with prophylactic onlay mesh. Picture a shows the residual fascial dehiscence at the of 15 days of

OAT in a 75 yo male (a). The indication for OAT was ACS following massive bleeding and transfusion. The fascial defect was sutured with a long-term absorbable

running suture maintaining a suture length to wound length ratio of at least 4:1 (b). After dissection of a proper epifascial space, a 30 × 10 cm long-term resorbable

mesh was placed in onlay position and fixated with a non-absorbable running suture and a subcutaneous vacuum dressing was applied (c). Intraabdominal drains

had been placed previously. Picture (d) shows the situs at day 4 after definitve fascial closure with clean conditions and initial integration of the mesh by granulating

tissue. On day 8 the mesh and the wound was well granulated, hence secondary wound closure was performed (e). Lastly, (f) shows the wound 20 days after

definitive fascial closure and end of OAT.

FIGURE 4 | Flow chart of patient inclusion in the study.
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FIGURE 5 | Indications for OAT. ACS, abdominal compartment syndrome.

TABLE 1 | Overview of diagnoses and OAT indications.

Case

no.

Diagnosis OAT indication

1 Severe sepsis (pneumonia) ACS/burst abdomen

2 Abdominal aortic aneurysm repair (EVAR)

with post-interventional bleeding

ACS/burst abdomen

3 Strangulated incisional hernia with sigmoid

volvolus

Peritonitis

4 Serosal leak after sigmoid colectomy Peritonitis

5 Severe sepsis (pneumonia) ACS/burst abdomen

6 Sigmoid diverticulitis with free perforation Peritonitis

7 Motor vehicle accident with blunt abdominal

trauma and gastric perforation

Trauma

8 Motor vehicle accident with blunt abdominal

trauma and hepatic and splenic laceration

Trauma

9 Capillary leak syndrome after urinary bladder

resection (urothelial cell carcinoma)

ACS/burst abdomen

10 Intraabdominal abscess following colonic

perforation

Peritonitis

EVAR, endovascular aortic aneurysm repair; ACS, abdominal compartment syndrome.

had a longer follow-up period (23.5 ± 6.3 months, range 15–
30 months) as this mesh type was implanted at the beginning
of the study. The non-absorbable mesh group was followed
up after 3.6 ± 1.0 months (range 2–5). During the follow-up
period, complications were reported in three cases (30%). All of
them were classified as Clavien-Dindo grade II (complications
requiring non-surgical/pharmacological treatment). In one case,
the complication was an infected seroma (long-term resorbable
mesh), and in two cases, it was a superficial surgical site infection
(both non-absorbable mesh group). None of the complications
required invasive or surgical treatment. Apart from this, no other
complications, especially no incisional hernias, were present.

At the follow-up exam, the overall pain was rated for all
patients 2.3 ± 1.4 (95% CI: 1.9–2.8), for long-term resorbable
meshes 1.8 ± 1.8 (95% CI: 0.9–2.6) and for non-absorbable
meshes 2.8± 0.8 days (95%CI: 2.4–3.2). At rest pain was rated for
all 1.0 ± 1.2 (95% CI: 0.6–1.4), for long-term absorbable meshes
1.8 ± 1.3 (95% CI: 1.1–2.4) and for non-absorbable meshes 0.4

± 0.5 (95% CI: 0.2–0.6). Under strain all patients rated the pain
4.2 ± 1.0 (95% CI: 3.4–4.6), the patients with the long-term
absorbable meshes rated 4.0± 1.2 (95% CI: 3.4–4.6) and patients
with the non-absorbable mesh rated 4.4 ± 0.8 (95% CI: 4.1–4.7).
None of the differences were statistically significant.

DISCUSSION

The results of this cohort study are promising. They might
support the hypothesis that prophylactic onlay mesh
implantation is feasible and safe after OAT, irrespective of
whether a long-term absorbable or a non-absorbable mesh
is used. During the follow-up period, no incisional hernias
were observed, and the occurred complications in both groups
were of minor concern and healed without invasive measures
(Clavien-Dindo II).

Numerous studies evaluated the effect of prophylactic mesh
implantation after laparotomies, and their results favored the
prophylactic mesh implantation in high-risk patients over
suture-only fascial closure (14, 15). For example, Jairam et al.
conducted a randomized controlled trial (PRIMA trial) and
found an incisional hernia incidence of 13% for the prophylactic
onlay mesh compared to 31% for suture-only (14). The
included patients had risk factors like aortic aneurysms and
obesity. Seromas occurred in approximately one-quarter of
the cases in the onlay mesh group. As in our study, those
seromas had no impact on reoperations, invasive treatment,
or surgical site infections. Muysoms et al. reported similar
results in aortic aneurysm patients and prophylactic sublay mesh
implantation (24).

In line with the findings for prophylactic onlay and sublay
mesh implantation, Kohler et al. reported a reduced incisional
hernia rate for prophylactic IPOM (intraperitoneal onlay mesh)
implantation (7.2%) compared to suture-only (18.5%) (25).
Patients in the IPOM group complained of more post-operative
pain and had a longer duration of wound healing, however. For
a similar technique, prophylactic implantation of a 7.5 cm wide
IPOM stripe were incisional hernia rates of 17% after 2 years and
26% after a 5 year period reported (26, 27).

Borab et al. calculated an incisional hernia risk reduction
of 85% in high-risk patients with elective laparotomies and
prophylactic mesh implantation in a systematic review (15).
Moreover, they found an increased rate of post-operative
seromas, especially for onlay position of the mesh and
polypropylene material, and more post-operative pain compared
to suture-only fascial closure. Likewise, a meta-analysis by
Indrakusuma et al. found a substantial incisional hernia risk
reduction in aortic aneurysms repair patients and prophylactic
mesh implantation (28). They reported no difference in the
reoperation rate (i.e., due to hernia repair later on) between
prophylactic mesh and suture-only groups, though. Concerning
this study, Wanhainen emphasized there is level-A evidence for
the prophylactic mesh implantation in open abdominal aortic
aneurysm repair. Still, yet this is not represented in treatment
guidelines, and it is not common in the daily routine (29).
Wanhainen supposed most surgeons are hesitant to implant
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TABLE 2 | Comparison of study data across mesh groups.

All (n = 10) Long-term absorbable mesh (n = 5) Non-absorbable mesh (n = 5) p

Age [years] 49.6 ± 15.9 (95% CI: 44.4–54.8) 56.9 ± 13.4 (95% CI: 51.0–62.8) 43.7 ± 15.3 (95% CI: 37.1–50.4) 0.413

Sex (m/f) 9 (90%)/1 (10%) 5 (100%)/0 (0%) 4 (80%)/1 (20%) 0.556

BMI [kg/m²] 26.8 ± 6.2 (95% CI: 24.7–28.8) 30.4 ± 7.2 (95% CI: 27.2–33.5) 23.8 ± 3.1 (95% CI: 22.5–25.2) 0.286

Gap width [cm] 4.2 ± 1.4 (95% CI: 3.8–4.7) 5.3 ± 1.5 (95% CI: 4.5–6.0) 3.4 ± 0.6 (95% CI: 3.2–3.6) 0.111

Gap length [cm] 18.4 ± 4.3 (95% CI: 17.0–19.8) 19.1 ± 4.2 (95% CI: 17.1–21.2) 17.8 ± 4.1 (95% CI: 16.0–19.6) 0.905

Gap area [cm²] 81.1 ± 42.3 (95% CI: 67.2–94.9) 105.8 ± 48.4 (95% CI: 82.0–129.5) 61.3 ± 20.6 (95% CI: 52.3–70.3) 0.286

Mesh width [cm] 9.5 ± 2.2 (95% CI: 8.8–10.2) 9.4 ± 3.3 (95% CI: 7.8–11.0) 9.6 ± 0.8 (95% CI: 9.3–9.9) 0.286

Mesh length [cm] 29.1 ± 3.4 (95% CI: 28.0–30.2) 28.8 ± 1.3 (95% CI: 28.1–29.4) 29.4 ± 4.1 (95% CI: 27.6–31.2) 1.000

Mesh area [cm²] 277.6 ± 76.5 (95% CI: 252.6–302.6) 272.4 ± 105.3 (95% CI: 220.8–324.0) 281.8 ± 39.9 (95% CI: 264.3–299.3) 0.556

Mesh/gap area ratio 4.3 ± 1.8 (95% CI: 3.7–4.9) 3.5 ± 2.2 (95% CI: 2.4–4.6) 4.9 ± 1.0 (95% CI: 4.5–5.4) 0.413

Incisional hernia 0% 0% 0% 1.000

Pain [NRS] 2.3 ± 1.4 (95% CI: 1.9–2.8) 1.8 ± 1.8 (95% CI: 0.9–2.6) 2.8 ± 0.8 (95% CI: 2.4–3.2) 0.556

Complications 3 (30%) 1 (20%; infected seroma) 2 (40%; superficial SSI) 0.655

prophylactic meshes as long-term data is still lacking, and there
might be only little individual experience in prophylactic mesh
implantation. There are only a few studies with quite a long
follow-up interval of about 5 years. However, these studies
did not report any severe or frequent complications following
prophylactic onlay mesh implantation (27, 30).

Eventually, there are several well-designed studies that
support the beneficial role of prophylactic mesh implantation in
high-risk patients with elective laparotomies (14, 15, 25, 28, 29).
This will likely be reflected in upcoming updates of guidelines
on abdominal surgery. However, small bites technique, a suture
length to wound length ratio of >4:1 with a long-term or non-
absorbable running suture is still the current state of the art of
abdominal wall closure following the European Hernia Society
guidelines of the abdominal wall closure (9, 11, 17).

Less research has yet been done on prophylactic mesh
implantation in emergency laparotomies. But this is an important
aspect, as the midline laparotomy is usually the first-choice
abdominal incision in the emergency situation. Alternative
methods like minimally invasive procedures with their inherently
reduced incisional hernia risk, are hardly feasible. Burns
et al. recently published a meta-analysis with 299 pooled
patients and found substantially reduced incisional hernia
risks and no remarkable differences concerning post-operative
complications (31).

Put together; we hypothesized that the high-risk conditions
in terms of incisional hernia development are similar or
even worse in OAT patients (11). Firstly, OAT patients are
equally likely to have intrinsic or patient-specific risk factors
like aortic aneurysm or obesity. Secondly, the index operation
at the initiation of OAT is usually an emergency operation.
Thirdly, the repetitive traumatization of the abdominal fascia,
caused by multiple reoperations and fascial traction, serves as
a particular risk factor for incisional hernia development. And
lastly, several pathophysiological factors (e.g., extended ICU stay,
hemodynamic instability, malnutrition, catabolic nutritional
status, and prolonged immobilization) are very likely to impair
fascial viability, healing capabilities, and long-term resistance

FIGURE 6 | Fascial gap size in comparison to mesh size. The left image (A)

depicts a mesh-to-gap ratio of 3 and the right one (B) a mesh-to-gap

ratio of 5.

against hernia development. Hence, the pathophysiological
conditions of elective or emergency laparotomies, for which
the impact of prophylactic mesh implantation has already been
studied, can be compared only to a limited degree. Nevertheless,
as the incisional hernia rates after OAT are high, we supposed a
positive impact of PROMOAT on incisional hernia rate (11).

Guidelines by the European Hernia Society on the fascial
closure recommend mesh reinforcement in OAT or burst
abdomen at the definitive fascial closure operation to reduce
the incisional hernia rate (9). This recommendation was given
based on weak evidence, as there were only very heterogeneous
case series available. However, the guideline authors conducted
a pooled analysis and found an incisional hernia rate of 19.4%.
That was a substantial reduction compared to reported incisional
hernia rates of 35–66% after OAT (9). Moreover, the pooled
analysis revealed a rate of surgical site occurrences (surgical site
infections, hematomas, and seromas) of 31.9%, which was higher
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in comparison to closure techniques without the use of mesh.
Finally, the expert panel concluded there was expert guidance for
mesh reinforcement at the definitive facial closure operation after
OAT. The individual decision is up to the surgeon, though, in the
context of increased risk for surgical site occurrences. (9, 11)

Only two studies were found, which prospectively evaluated
prophylactic mesh implantation in OAT patients. The first one
was published by Jakob et al. and evaluated the VAC-IPOM
technique (32). With this, an IPOM is used for fascial traction
in the VAWCM concept. Complete fascia-to-fascia closure was
not mandatory, as the IPOM was considered stable even if there
was residual fascia dehiscence at the end of OAT. Eventually, they
reported a fascial closure rate of only 26% in the VAC-IPOM
group compared to 74% in the VAWCM group. Nevertheless,
in the VAC-IPOM group, longer hernia-free survival, and fewer
reoperation were observed. The rate of post-operative wound
infections was substantially higher in the VAC-IPOM group.

In our opinion, a prophylactic alloplastic IPOM should not
be the treatment of the first choice since anatomical, functional
abdominal wall reconstruction is advisable. Furthermore, IPOM
should be implanted with caution due to the risk of an acute or
chronic mesh infection, if potentially infectious intrabdominal
foci are evident. Therefore, the implantation of a mesh in onlay
position at the end of OAT (PROMOAT) is considered safe, as
control of the infectious disease is then usually achieved. We
would also suppose, the onlay mesh implantation is technically
more straightforward than the IPOM implantation in an early
stage of OAT (11, 14). But it has to be considered that there
is currently no evidence to conclude on the appropriate mesh
position (onlay, sublay, IPOM) for prophylactic implantation
after OAT (11).

The second study on prophylactic mesh implantation in
OAT patients was published by Petersson et al. (33). This
report described a novel technique; the vacuum-assisted wound
closure and permanent onlay mesh mediated fascial traction
(VAWCPOM) for temporary and final closure of the open
abdomen. The main difference to conventional VAWCM
technique lies in the fact that the mesh, which is used for fascial
traction during OAT, is placed in onlay position, is left there,
and readapted in the midline with a suture when definitive
fascial closure is performed. Moreover, the fascial edges are
previously reinforced using a non-absorbable suture (reinforced
tension line). At the end of OAT, the definitive fascial closure is
obtained with a running suture, and the previously implanted
mesh augments the stitches and the fascial edges. The authors
reported an incisional hernia rate of 22.2% after a mean follow-
up of 467 days and only minor complications without the need
for invasive treatment.

The study by Petersson et al. describes a technically similar
concept of augmenting the abdominal fascia with a prophylactic
onlay mesh after OAT. Moreover, they found no substantial
complications and a low incisional hernia rate. These results
are in line with our findings. The higher incisional hernia
rate of 22.2 vs. 0% in our study should be interpreted with
caution, as our follow-up period is somewhat shorter, and
incisional hernias are known to occur not necessarily shortly
after definitive fascial closure. Probably, the midline incision and

suturing of the prophylactic mesh might impair the mechanical
properties, which might explain the higher incisional hernia rate
by Petersson et al.

We suppose two further factors are of importance with
regard to the prophylactic onlay mesh implantation. Firstly,
as alloplastic meshes were used, we would favor implantation
only in clean wound conditions with definitively controlled
intraabdominal septic foci. And secondly, the mandatory
NPWT of at least two changes after the onlay mesh
implantation seems necessary, as seromas are a common
and potentially infective complication following onlay
mesh implantation. Our data showed only one seroma
(11.1%), which is quite a low rate compared to other
studies (14–16).

The question of which mesh material should be used for
prophylactic onlay mesh implantation cannot be answered based
on the scarcity of published data (11). Our study findings suggest
there is no difference between long-term absorbable and non-
absorbable mesh material. Still, of course, the power of this small
case series is not sufficient, and long-term data are lacking to
conclude on that. Hence, the choice of the mesh material should
bemade upon the surgeon’s experiences. The current evidence on
mesh materials confirms alloplastic non-absorbable meshes to be
safe for prophylactic implantation (10, 11).

Study limitations comprise of the low power due to the
small sample size. That hampers the possible conclusions drawn
from this case series results. Moreover, there were differences
between the mesh groups in the demographics and some
operative variables (e.g., the gap width, mesh size). Though these
differences were not statistically significant in this analysis, that
is likely to be caused by the low sample size. Due to the short
and unequal follow-up period, the reported outcome has to be
interpreted with caution.

In conclusion, the prophylactic onlay mesh implantation of
alloplastic, long-term absorbable, or non-absorbable meshes in
OAT showed promising results and only a few complications that
were of minor concern. Incisional hernias did not occur during
follow-up. To validate the feasibility and safety of prophylactic
onlay mesh implantation after OAT, long-term data and large-
scaled prospective trials are needed.
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Open Abdomen Treatment in Acute
Pancreatitis
Jonas Henn, Philipp Lingohr, Vittorio Branchi, Alexander Semaan, Martin W. von Websky,

Tim R. Glowka, Jörg C. Kalff, Steffen Manekeller and Hanno Matthaei*

Department of General, Visceral, Thoracic and Vascular Surgery, University Hospital Bonn, Bonn, Germany

Background: Severe acute pancreatitis (SAP) is a heterogeneous and life-threatening

disease. While recent guidelines recommend a stepwise approach starting with

non-surgical techniques, emergency laparotomy remains inevitable in certain situations.

Open abdomen treatment (OAT) may follow, potentially resulting in additional risks

for severe morbidity. Causative factors and clinical impact of OAT in SAP are poorly

understood and therefore issue of the present study.

Materials and Methods: A retrospective analysis of patients admitted to the

Department of General, Visceral, Thoracic and Vascular Surgery at University of Bonn

suffering from acute pancreatitis (ICD K.85) between 2005 and 2020 was performed.

Medical records were screened for demographic, clinical and outcome parameters.

Patients who received primary fascial closure (PFC) were compared to those patients

requiring OAT. SAP-specific scores were calculated, and data statistically analyzed

(P = 0.05).

Results: Among 430 patients included, 54 patients (13%) had to undergo emergency

laparotomy for SAP. Patients were dominantly male (72%) with a median age of 51 years.

Indications for surgery were infected necrosis (40%), suspected bowel perforation (7%),

abdominal compartment syndrome (5%), and acute intra-abdominal hemorrhage (3%).

While 22 patients (40%) had PFC within initial surgery, 33 patients (60%) required OAT

including a median of 12 subsequent operations (SD: 6, range: 1–24). Compared to

patients with PFC, patients in the OAT group had significantly fewer biliary SAP (P =

0.031), higher preoperative leukocyte counts (P= 0.017), higher rates of colon resections

(P = 0.048), prolonged ICU stays (P = 0.0001), and higher morbidity according to

Clavien–Dindo Classification (P = 0.002). Additionally, BISAP score correlated positively

with the number of days spent at ICU and morbidity (P = 0.001 and P = 0.000002).

Both groups had equal mortality rates.

Discussion: Our data suggest that preoperative factors in surgically treated SAP may

indicate the need for OAT. The procedure itself appears safe with equal hospitalization

days and mortality rates compared to patients with PFC. However, OAT may significantly

increase morbidity through longer ICU stays and more bowel resections. Thus, minimally

invasive options should be promoted for an uncomplicated and rapid recovery in this

severe disease. Emergency laparotomy will remain ultima ratio in SAP while patient

selection seems to be crucial for improved clinical outcomes.

Keywords: acute pancreatitis, severe acute pancreatitis, abdominal compartment syndrome, risk analysis, open

abdomen treatment
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INTRODUCTION

Acute pancreatitis (AP) is a frequent cause of emergency
admissions with rising incidence over the last years (1). Although
various parameters have been identified contributing to onset
and progression of disease, cholelithiasis and excessive alcohol
consumption are the two predominant risk factors (2). According
to the Atlanta Classification, AP clinically ranges from “mild”
over “moderately severe” to “severe” (3). While most patients
experience a rather uncomplicated course of disease, severe
acute pancreatitis (SAP) is observed in 20–30 % of individuals
with an alarming lethality of 15%. SAP is defined as a life-
threatening clinical condition with persistent organ failure
resulting from aggravated comorbidities (3, 4). In particular, the
respiratory, cardiovascular, and renal systems are affected, why
their functions need to be closely monitored in the course of
disease (3). Moreover, extensive peripancreatic necrosis observed
in up to 10% of AP patients harbors the risk for significant
morbidity, especially in the presence of infection (5). In fact,
controlling pancreatic necrosis and associated sepsis has been
an essential task in SAP management and comprises the use
of broad-spectrum antibiotics, radiological, and endoscopic
interventions, as well as surgical measures (6).

Regarding the operative spectrum, early cholecystectomy is
still highly recommended in patients with biliary pancreatitis.
However, indication and optimal timing of other surgical
interventions and especially of laparotomy, operative
necrosectomy, and peritoneal lavage has been a matter of
vivid debates (6). Generally, a “step-up” approach is nowadays
favored for the treatment of SAP ranging from initial minimally
invasive interventions such as CT or endoscopic drainage to
open surgery reserved for complicated cases (7). In fact, various
pathophysiological mechanisms of SAP result in essentially
three main indications for emergency laparotomy: Firstly, SAP
frequently induces systemic inflammatory response syndrome
(SIRS), resulting in increased vascular permeability, the urge for
excessive intravenous fluid substitution, and generalized edema
while on intensive care unit (ICU). This in turn leads to high
intraperitoneal pressure (IAP) culminating in an abdominal
compartment syndrome (ACS), which is regularly treated with
decompressive laparotomy (8, 9). Furthermore, acute intra-
abdominal hemorrhage and otherwise not controllable infected
necrosis are two other frequent causes for open surgery (10).

Whenever primary fascial closure (PFC) within initial surgery
is impossible or unintended, patients need to undergo subsequent
scheduled operations within “open abdomen treatment” (OAT).
OAT relates to intentionally dispensing fascial approximation to
allow continuous observation and treatment of intra-abdominal
disease. Obvious advantages are paralleled by significant clinical
risks such as abdominal wall hernia, entero-atmospheric fistulas,
and increased mortality (11). Current guidelines support an
individualized management stressing a meticulous selection of
patients suitable for laparotomy andOAT (12) while an evidence-
based approach reliably guiding surgical decision making in SAP
is thus far not available. To stratify therapy decisions in SAP for
an optimized outcome in this severe condition, we conducted
single-center and retrospective analysis of patients from our

tertiary referral center for pancreatic diseases who underwent
operative therapy and, in part, OAT for SAP.

MATERIALS AND METHODS

Patient Cohort
A retrospective analysis of patients admitted to the Department
of General, Visceral, Thoracic and Vascular Surgery, University
Hospital Bonn (Bonn, Germany), with the diagnosis of AP
(ICD K.85) between 2005 and 2020 was performed. Patients
with multiple admissions for AP were included as single cases
respecting their first admission. Medical records were manually
screened for patients that had undergone emergency laparotomy
for SAP. Patients then were subdivided into two groups; firstly,
patients who received PFC within their emergency laparotomy
and secondly patients who received OAT. Demographic and
clinical data (i.e., age at operation, gender, and comorbidities)
were extracted, and the recent literature was scrutinized for
additional relevant SAP and OAT-specific parameters to be
included into our analysis. Etiologic factors for pancreatitis (i.e.,
cholelithiasis, alcohol, iatrogenic, and uncertain), pancreatitis-
specific scores (i.e., BISAP, Atlanta), and relevant laboratory
parameters [e.g., leukocyte count, (LC), c-reactive protein (CRP),
procalcitonin (PCT), pancreas-specific lipase, and amylase] were
documented (3, 13). Indications for emergency laparotomy
(i.e., therapy-refractory infected necrosis, suspected bowel
perforation, ACS, and acute hemorrhage) and reasons for OAT
(i.e., peritonitis, fascial retraction, and other), as well as the
numbers of subsequent reoperations, days of OAT, and OAT
technique (vicryl mesh, visceral protection layer, and negative
pressure) were charted. To determine the specific outcome of
OAT, we assessed morbidity by Clavien–Dindo classification and
evaluated the need for colon resection, the duration at ICU,
and general hospitalization (14). Furthermore, in-house hospital
mortality was calculated.

Statistics
Descriptive and inferential statistics were used in data analysis
using SPSS Statistics (IBM, Armonk, New York, USA).
Intergroup differences were calculated using CHI-squared- and
Student’s t-test. Pre-, intra-, and postoperative parameters were
analyzed for possible correlations using the Pearson correlation
coefficient. Findings were compared with recent treatment
guidelines and literature. P-values were 2-sided, and statistical
significance was set at 0.05.

RESULTS

Patients, Comorbidities, and SAP
Of 430 patients with AP treated between 01.01.2005 and
01.01.2020, 54 patients (13%) needed emergency laparotomy
because of SAP. The PFC group included 22 (41%) patients
and the OAT group 32 (59%) patients. Table 1 summarizes
both groups, their composition, and their relevant comorbidities.
Neither sex nor age showed significant intergroup differences
(P > 0.05). With the exception of significantly more pulmonary
diseases in the PFC group (P= 0.02), comorbidities did not differ
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significantly. While no patient of the PFC group had undergone
previous laparotomy, four patients (13%) of the OAT group had
a history of abdominal operations.

While cholelithiasis (N = 18, 33%) and alcohol abuse (N = 18,
33%) accounted for themost frequent etiologic factors, iatrogenic
pancreatitis occurred in six patients (11%). In the remainder,
the exact cause remained elusive (N = 12, 22%). In the OAT
group, biliary SAP was significant less frequent (P = 0.03) and
there was a tendency for more unclarified etiologies (P = 0.054).
Emergency laparotomy was in most patients performed for
therapy-refractory-infected necrosis (N = 39, 72%). Suspected
bowel perforation with free intra-abdominal air on CT scans was
indication for surgery in seven patients (13%). Decompressive
laparotomy for ACS was required in five patients (9%), and
operative exploration for acute severe hemorrhage in three
individuals (6%). While ACS showed a trend to lead to OAT at
a higher rate (P = 0.055), no such coherences were observed
for other surgical indications. Compared to the PFC group, in
OAT patients preoperative LC and CRP levels were significantly
increased (P= 0.015 and P= 0.048), whereas no differences were
observed for other serum parameters such as PCT, lipase, and
amylase. Median BISAP scores for PFC and OAT groups were 1.5
(range 0–4) and 2 (range 0–4), and median Atlanta Classification
was 2 (range 1–3) and 3 (range 2-3), respectively. No significant
differences were measured regarding both scores.

Post-laparotomy Treatment and Outcome
Operation protocols stated two distinct reasons leading to OAT:
Most frequently, severe peritonitis with abdominal sepsis present
in 12 patients (38%) demanded second-look operations and
prevented the surgeon from closing the abdominal cavity. The
second cause was fascia retraction and dehiscence precluding
primary fascial closure which was found in eight individuals
(25%); including five cases in which ACS triggered initial
laparotomy. A median of 12 subsequent reoperations were
necessary in the OAT cohort, resulting in a median of 27 days
until the final surgical intervention. Intestinal damage was a
recurring complication (N = 11, 20%) and significantly higher
in the OAT cohort reflected by more colon resections (P= 0.048)
and a higher rate of enteric stomata (P = 0.032). Abdominal wall
was temporarily closed with vicryl mesh interposition in 17 OAT
patients (53%) of which 4 (13%) were supported with a protective
visceral layer and 2 (6%) with vacuum wound therapy. Most
patients (N = 22, 569%) were dismissed with planned ventral
hernia (e.g., dry secondary wound closure, suture of skin above
secondary healing abdominal wall), whereas delayed primary
closure was performed in 10 patients (31%).

Median ICU stay was 14 days and 45 days for the PFC
and the OAT group, respectively, with significantly longer ICU
stays in the OAT cohort (P = 0.0002). As shown in Figure 1,
LC and BISAP correlated positively with the lengths of ICU
stays; however, only correlation between BISAP and ICU stay
was statistically significant (P = 0.06 and P = 0.001). SAP
patients were hospitalized for a median of 71 days (range 8–
217). Despite longer ICU treatment, OAT patients did not spend
longer time in hospital compared to PFC patients (P = 0.12).
An overall longer hospital stay was not significantly related to

any preoperative parameter included. None of the remaining
preoperative parameters correlated relevantly with length of ICU
stay or overall hospitalization.

Overall, the mean grade of complication (or morbidity)
according to Clavien–Dindo classification was 4 (range 1–5),
while the OAT group had increased morbidity with significantly
higher Clavien–Dindo scores (P = 0.0015). LC and BISAP
showed positive correlation with Clavien–Dindo classification
Figure 2 with significance for BISAP score. All other parameters
showed no relevant impact on morbidity.

Overall mortality was 7% (N = 4) and showed no intergroup
difference. The small number of patients precluded valid
statistical analyses for risk factor analysis. Deceased patients were
all male and had a median age at operation of 49 years (range 29–
74). Half had no prior comorbidities (50%) with varying causes
for SAP [alcohol (N = 2), bile stone (N = 1), and iatrogenic (N
= 1)]. Cause of death was sepsis triggered multi-organ failure in
all four patients.

DISCUSSION

The incidence of AP is currently on the rise in western
countries while particularly elderly patients are affected with
most individuals being in their 70s (15). Not surprisingly, a
higher disease-related mortality could be evidenced in these
compared to younger patients (16). In contrast, it is the middle-
aged adults who were reported to have the highest risk for
aggravated disease, which is in concordance with the mean
age of 52 years in our analysis (17). Furthermore, evidence
is emerging that preexisting comorbidities rather than age per
se seem to trigger adverse outcomes. The demographic shift
will increase the number of endangered patients and therefore
we should expect AP to gain further clinical relevance with a
potentially growing financial burden to our health care system
both justifying scientific dedication to that topic (1).

Adequate treatment of AP is laboriously studied, and distinct
focus lies on the prevailing question when to intervene in SAP
since any unnecessary therapy might cause further significant
morbidity in these severely ill patients. Especially, periprocedural
trauma caused by abdominal surgery results in increased risk
for severe morbidity and mortality and therefore needs to be
avoided (18). Thus, minimally invasive approaches such as
endoscopic and interventional radiological techniques have been
developed over the past two decades and resulted in the least
trauma for maximum impact (19). When comparing different
interventions, three randomized controlled trials all favored
endoscopic over percutaneous drainage. On the other hand,
inconsistent results were reported when comparing endoscopic
with surgical treatment of infected necrosis (7, 20, 21).

Surgical Treatment
Emerging evidence in this clinical field has still not provided
precise algorithms unequivocally guiding surgical therapy
in SAP. Thus, indication for surgery is heavily debated
upon and depends on the experience and preference of the
interdisciplinary team. In concordance to Jacob et al. therapy-
refractory-infected necrosis was the major cause for laparotomy
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TABLE 1 | Baseline characteristics of all patients, divided into PFC and OAT group.

PFC group OAT group P OR/mean difference CI95

All (n, %) 22 41 32 59

Sex m (n, %) 15 68 23 72 0.716 1.193 0.365 3.892

Sex w (n, %) 7 32 9 28 0.716 0.839 0.257 2.736

Age (mean days, range) 54 26–74 49 25–80 0.221 4.591 −2.863 12.045

Any comorbidity (n, %) 17 77 23 72 0.657 0.752 0.213 2.650

Hypertension (n, %) 10 45 12 38 0.559 0.720 0.239 2.169

Cardiac disease (n, %) 7 32 7 22 0.413 0.600 0.176 2.048

Diabetes (n, %) 6 27 4 13 0.170 0.381 0.093 1.555

Hepatic disease (n, %) 4 18 6 19 0.958 1.038 0.256 4.214

Malignant disease (n, %) 1 5 3 9 0.506 2.172 0.211 22.368

Pulmonary disease (n, %) 5 23 1 3 0.024 0.110 0.012 1.017

Renal disease (n, %) 0 0 0 0 – – – –

Other (n, %) 13 59 13 41 0.182 0.474 0.157 1.429

Previous laparotomy (n, %) 0 0 4 13 0.085 1.429 0.238 8.571

Cause

Uncertain (n, %) 2 9 10 31 0.054 4.545 0.887 23.304

Iatrogenic (n, %) 3 14 3 9 0.624 0.655 0.119 3.592

Cholelithiasis (n, %) 11 50 7 22 0.031 0.280 0.086 0.915

Alcohol (n, %) 6 27 12 38 0.433 1.600 0.492 5.207

LC (mean G/l, range) 12 2–28 17 5–46 0.015 5.586 1.15 10.02

CRP (mean mg/l, range) 129 25–215 195 74–347 0.048 66.045 0.61 131.48

PCT (mean µg/l, range) 3 0–8 36 0–345 0.304 33.610 −35.404 102.624

Lipase (mean U/l, range) 233 41–809 676 3–5191 0.169 442.995 −202.901 1,088.892

Amylase (mean U/l, range) 68 22–170 113 7–770 0.254 44.170 −33.415 121.756

BISAP (mean, range) 2 0–4 2 0–4 0.179 0.491 −0.235 1.218

Atlanta (mean, range) 2 1–3 3 2–3 0.200 0.199 −0.109 0.507

Indication

Infected necrosis (n, %) 18 82 21 66 0.567 0.424 0.115 1.566

ACS (n, %) 0 0 5 16 0.056 – – –

Bowel perforation (n, %) 2 9 5 16 0.509 1.852 0.325 10.538

Acute hemorrhage (n, %) 2 9 1 3 0.332 0.323 0.027 3.796

Colon resection (n, %) 3 14 8 25 0.048 2.111 0.492 9.063

Enteric stoma (n, %) 1 5 8 25 0.032 7.000 0.807 60.684

Hospital stay (mean days, range) 65 8–184 84 24–217 0.116 19.043 −4.949 43.034

ICU stay (mean days, range) 14 0–100 45 3–120 0.001 31.097 15.85 46.34

Clavien–Dindo (mean, range) 3 1–5 4 3.5–5 0.002 1.078 0.45 1.71

Mortality (n, %) 3 14 1 3 0.138 0.204 0.020 2.108

For dichotomous variables the odds ratio (OR) and for continuous variables, the mean difference is stated. CI 95=95% confidence interval. Characteristics with significant differences

between the two groups are printed bold.

in our cohort followed by suspected bowel perforation,
ACS, and acute intra-abdominal hemorrhage (22). Supporting
recent recommendations, our findings stress the need for
sparing certain patients with infected necrosis from surgery to
reduce periprocedural morbidity. However, recent guidelines
recommend decompressive laparotomy as treatment of choice in
cases of ACS. Here a rapid laparotomy is frequently unavoidable
and is sometimes performed at ICU, for example, if the patient
transport appears risky (9). Since our meticulous literature
study failed to reveal any relevant data on bowel perforation
in SAP, we can only share our single-center experience. As
in other conditions, surgery is the standard treatment in

case of free abdominal air why percutaneous drainage merely
can be performed as a bridging strategy before definitive
surgical treatment.

The clinical concept of OAT emerged over the past three
decades, while surgeons left the dogma of PFC in favor of
benefits associated with the open abdomen. In general, two
main scenarios lead to an inability to perform PFC: on the
one hand, generalized edema leads to fascial dehiscence in
which approximation is impossible and the surgeon is left with
virtually no choice. This scenario is typically applied in ACS.
On the other hand, definitive closure of the abdominal cavity
is postponed due to the need for revision operations. Here,
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FIGURE 1 | (A) Correlation between LC and ICU stay (P = 0.062). (B) Correlation between BISAP and ICU (P < 0.001).

FIGURE 2 | (A) Correlation between LC and DC (P = 0.122). (B) Correlation between BISAP and DC (P < 0.001).

consideration is heavily based on the experience of surgical team
and therefore remains poorly objectifiable. While fortunately
continuous improvements broadened our spectrum of surgical
therapy in these critically ill patients, our findings suggest that
laparotomy and OAT independently contribute to morbidity
(23). Unsuitably, even repetitive fascial approximation may lead
to secondary wound healing. To allow a timely fascial closure and
to prevent formation of a large ventral defect, various techniques
have been reported. Mesh-mediated fascial traction represents
one of the most used techniques and is also standard at our center

(24). Additionally, a combination of mesh-mediated fascial
traction and negative wound pressure (e.g., vacuum assisted
systems) is generally accepted as best practice, leading to highest
rates of fascial closure (25). Hereby, the unacceptable high rates
of ventral hernia can be decreased and therefore given techniques
are highly recommended. For various reasons and especially in
the early era, only half of our OAT patients were treated by
this contemporary standard. Finally, innovative approaches such
as “fasciotens” or “ABTHERA” are currently being evaluated to
allow complete fascial closure before demission (26, 27).
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Despite all dedication to improved results, OAT significantly
increases risk for morbidity when compared to PFC and
secondary morbidity following ICU treatment and possible
extensive reconstructive operations must be taken into
consideration additionally if the attempt at delayed primary
fascial closure fails. Reported mortality in surgically treated
SAP patients ranges up to a horrifying 65% (28). Overall, we
detected a much lower rate which may indicate a safe procedure
when patients are carefully selected. In literature, OAT patients
independently from genesis were received less excessive surgical
treatment than our OAT patients. This may be seen as another
expression of the unfavorable combination of SAP and surgical
interventions (23, 29, 30).

Risk Factor Analysis
Until now, there are no established risk factors to determine
in an early phase which patients will benefit from surgery or
likely require OAT. Starting with demographic factors, reported
increased mortality above the age of 70 cannot be supported by
our data. In contrast to large population-based studies, two thirds
of our SAP cohort are represented by men and therefore male
sex seems to represent a decisive factor for severity of AP (31).
Moreover, etiology-specific outcomes have been observed in AP
and, in line with recent literature, bile stones and alcohol were
the most common causes for SAP in our cohort. Previous data
linking alcohol-induced AP to higher morbidity and mortality
could not be supported by our study (32). Individuals in the OAT
group had fewer cholelithiasis-induced SAP and suffered more
often from idiopathic disease, although the latter did not reach
statistical significance. This finding is in line with Zhu et al. who
evidenced that AP caused by bile stones shows milder disease
while severe and complicating diseases were mainly observed
in idiopathic cases (33). The more favorable course of biliary
pancreatitis can be related to the opportunity for eliminating
the causative factors through ERCP/cholecystectomy allowing
a rapid and full recovery. Since biliary pancreatitis is more
common in women, data suggest female sex as a protective factor
for OAT (34).

Because BISAP score was designed to predict mortality in
SAP and showed its efficiency in a large population-based study
(13), we evaluated the score‘s use in prediction of OAT. Though
BISAP correlated significantly with ICU stay and Clavien–
Dindo classification in both groups and therefore seems to be
an appropriate marker for morbidity, no significant difference
in BISAP was observed between the OAT and PFC groups.
Although LC represents an unspecific value, it differentiated the
most between both groups and may therefore indicate or even
predict OAT. Moreover, Stirling et al. conducted a retrospective
study for severity stratification in SAP patients and concluded
that large changes in, and excessive, CRP levels predict severe
disease (35). Accordingly, our OAT group expressed significantly
higher CRP levels, suggesting that CRP may indicate a more
critical course suggesting the need for OAT. Our data could not
confirm the usefulness of PCT in severity prediction, which is in
line with inconsistent results reported in literature (36).

For further validation of presented and identification
of additional risk parameters of OAT in SAP, prospective
randomized multicenter trials are needed. With ever growing

medical data, new bioinformatic techniques of data analysis (e.g.,
artificial intelligence) seemsmost appropriate for this urgent task.

Limitations
We acknowledge several limitations in our study, mainly with
respect to study design and patient cohort. The retrospective
design and the relatively small number of patients, even if treated
at our tertiary referral center for pancreatic diseases, reduce the
level of evidence of our findings. Additionally, missing clinical
data reasoned by a study period of 15 years further limits
the statistical power. Furthermore, data was retrieved from a
single center, with the potential risk for selection bias. Since
OAT is a therapeutic concept underlying constant improvements,
no uniform standard has been applied in this historic cohort
hampering direct comparison of treatment. To provide sufficient
evidence for this crucial field, future studies need to leverage the
power of created registries (37).

Conclusion
Our data suggest that preoperative factors in surgically treated
SAPmay indicate the need for OAT and predict the postoperative
outcome. Using these parameters, OAT patients may in the
future ideally be triaged, and their management scheduled
in an early phase. OAT itself appears to be a safe option
with equal mortality and hospital stay compared to PFC.
However, OAT may significantly increase morbidity with
longer ICU stays and higher chance of bowel resection. A
minimally invasive step-up approach has been shown superior
to open surgery for the treatment of SAP. In combination
with presented data, we suggest avoiding open surgery and
particularly OAT in the treatment of SAP, whenever possible.
Besides clear indication, e.g., for ACS and bowel perforation,
emergency laparotomy remains the ultima ratio in SAP-related
infections and evidence-based indications should be aimed
in future for best patient outcomes. OAT cannot entirely be
eliminated in the interdisciplinary management of SAP why
respective knowledge and technical skills are mandatory for the
abdominal surgeon.
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Introduction: Patients with open abdomen after surgical interventions associated with

the complication of secondary peritonitis are successfully treated with negative pressure

wound therapy. The use of dynamic fascial sutures reduces fascial lateralization and

increases successful delayed fascial closure after open abdomen treatment.

Methods: In 2017 we published the follow-up results of 38 survivors out of 87 open

abdomen patients treated with negative pressure wound therapy and dynamic fascial

sutures between 2007 and 2012. In our current study we present the 10-years follow-up

results regarding long-term complications with the focus on incisional hernias and pain.

Since 2017 seven more patients have died, hence 31 patients were included in the

current study. The patients were asked to answer questions about specific long-term

complications of OA treatment including pain, the presence of incisional hernias and

subsequent surgical interventions. Demographic data and data regarding fascial closure

after open abdomen treatment were collected. All results were analyzed quantitatively.

The follow-up period was 8–13 years.

Results: The median age was 69 (30–90) years, and 15 (48.4%) were females.

Twenty-four patients (77.4%) responded to the questionnaire: Three patients (12.5%)

suffered from pain in the original operating field, all three at rest but not during exercise.

None of the patients required analgesic treatment. Eleven patients (45.8%) were found

to have incisional hernias. Five out of 11 hernias (45.5%) were treated by surgery

and did not declare any pain in the operating field. Among the patients with incisional

hernias lower MPI (Mannheimer Peritonitis Index) at the time of primary surgery but

more reoperations and treatment days were found. The technique of fascial closure was

heterogenic and no differences in the occurrence of incisional hernia could be detected.
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Conclusion: The incidence of incisional hernias after open abdomen treatment is still

high, but are associated with little pain in the original operating field. Further studies are

required to investigate methods for fascial closure techniques after OA treatment.

Keywords: open abdomen, negative pressure wound therapy, delayed fascial closure, dynamic fascial suture,

incisional hernia

INTRODUCTION

The treatment of patients with open abdomen (OA) and the
subsequent fascial closure (FC) are still challenging clinical
problems. The mortality rate in patients with abdominal sepsis
remains between 20 and 60% (1). Several techniques for the
treatment of OA were introduced over the last years, but most
of them did not lead to the anticipated success and were already
abandoned [e.g., Marlex R© Zipper (2), plastic bags (the Bogota
technique) (3), Velcro adhesive sheets (4), sandwich technique
(5), modified Barker Vacuum Bag (6)]. Negative pressure wound
therapy (NPWT) proved to significantly decrease morbidity
and mortality in patients with secondary peritonitis and OA
treatment. NPWT activates wound healing, acts as wound
fluid drainage, reduces infection and abdominal compartment
syndrome (7–9). A “frozen abdomen” and entero-atmospheric
fistulas are among possible complications of OA treated with
NPWT (10, 11). The retraction of the fascial edges can lead to
failure of delayed primarily fascial closure and patients end up
with planed hernias (12). Different techniques were established to
minimize fascial retraction and facilitate FC like mesh mediated
facial traction (13), retention sutured sequential FC (14), or
Wittmann patching (15). Dynamical fascial sutures (DFS) reduce
fascial retraction and are associated with a high incidence of FC
after OA treatment (16, 17).

The duration of OA treatment and the closure technique
(component separation, suture technique) influence the outcome
of OA treatment (9). Early abdominal closure can lead to
reinfection and relaparotomy with subsequent destruction of the
fascia, whereas late closure lead to recuts muscle lateralization
and complications of abdominal wall reconstruction (1). The
prognosis of OA treatment can significantly be improved by
NPWT and dynamic closure techniques (18).

Up to know there are some studies in the literature that
describe quality of life and incidence of incisional hernias
(IH) after OA treatment with NPWT for up to 5 years (19–
21). However, long-term outcome studies up to 10 years are
rarely found.

In 2017 we published long-term follow-up results of 38
survivors out of 87 patients treated with NPWT andDFS between
2007 and 2012: The median age was 60.9 (25.2–86.1) years, and
17 (44.7%) were females. Twenty-one patients (55.3%) answered
the questions about specific long-term complications of OA

Abbreviations: OA, Open Abdomen; NPWT, Negative Pressure Wound Therapy;

DFS, Dynamic Fascial Sutures; FC, Fascial Closure; IH, Incisional Hernia; MPI,

Mannheimer Peritonitis Index; SAPS, Simplified Acute Physiology Score; ASA,

American Society of Anesthesiologists; ICU, Intensive care unit; VAS, Visual

Analog Scale.

treatment regarding pain and incisional hernias. Six patients
(28.6%) suffered from pain in the previous operating field. Seven
(33.3%) patients developed incisional hernias. Three out of seven
hernias (42.9%) were treated by surgery.

The aim of the present study was to follow-up these patients
and to assess their condition 8–13 years after OA treatment
with NPWT and DFS (Figure 1). Thirty-eight patients were
included in the recent study according to the protocol of our
last publication in 2017 (20). After a mean follow-up period
of 8–13 years patients were again questioned about long-term
complications of OA treatment such as pain, incisional hernia
and additional surgical interventions.

Demographic data and further causes of incisional hernias
after NPWT therapy were analyzed.

To the best of our knowledge this the longest follow-up study
investigating long-term complications of OA treatment with
NPWT and DFS.

METHODS

Study Population
Thirty-eight patients, all survivors from our last study in 2017,
were included in the current investigation (20). Inclusion criteria
were secondary peritonitis and OA treated with NPWT and
DFS between 2007 and 2012 in our hospital. Exclusion criteria
were hemorrhage, localized peritonitis, or the ability to perform
sufficient source control during the initial procedure in stable
patients (17).

Because of the prospective but non-randomized and non-
comparative character of the study, the local ethical committee
waived responsibility.

Surgical Technique
The surgical technique of OA treatment with NPWT andDFS has
been described in detail in our first publication in 2013 (17).

In brief, after treatment of the source of the initially present
secondary peritonitis an intraabdominal vacuum dressing was
placed. In order to prevent abdominal muscle lateralization
elastic loops were sutured to the fascia in large bites. Patients were
admitted to ICU (intensive care unit) and planned reoperations
were performed not later than 48 h. After successful NPWT the
vacuum dressing andDFSwere removed and the abdomen closed
with either interrupted or running sutures. Thirty patients out of
the included 38 patients in the previous study (78.9%) received
FC. In four patients (10.6%) the fascia was not primarily closed
and ended up with planned hernias (skin or split- thickness
skin graft closure). Fascial closure was performed with running
sutures in 26 patients (68.4%), in four patients the fascia was
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FIGURE 1 | Time line of follow-up (FU): Figure shows number of excluded and included patients over time.

closed using interrupted sutures. In four patients the applied
technique was not sufficiently documented (20).

Questionnaire
A questionnaire regarding long-term complications of OA
treatment due to secondary peritonitis between 2007 and 2012
were sent to the included patients. Patients were asked about pain
in the operating field differentiating between acute and chronic
pain and the necessity of analgesic treatment. The questionnaire
further targeted potential IH after DFS, hernia diagnostics and
treatment or other surgeries in the previous operating field. In
case of not returned questionnaire within 4 weeks the patients
were contacted for an oral interview. Questions are listed in
Figure 2. Patients we were not able to get in touch with were lost
to follow-up.

Data Collection
We collected the following data: patients’ demographics, MPI,
ASA classification (American Society of Anesthesiologists),
Simplified Acute Physiology Score (SAPS), number of NPWT
changes, duration of NPWT, and duration of ICU stay in days.

The results were analyzed quantitatively and presented as
median and range, unless otherwise stated.

Statistical testing was carried out using the Kolmogorov–
Smirnov Test for Gaussian distribution. t-test was used when
comparing two groups and when data were normally distributed,
Mann–Whitney test when data were not normally distributed.
Contingency was tested with Chi-square (>2 variables) and
Fisher’s tests (two variables, low n). p-values of <0.05 were
considered to indicate statistical significance.

RESULTS

Demographic Data
Since our study in 2017 seven more patients had deceased (four
women, three men) with a median age of 78 years (69–96 years).
The causes of death were not documented, but the main reason
might have been natural death due to the patients’ high age.

Thirty-one patients were included in the current study, 15
patients were females (48.4%) and 16 were males (51.6%) with
a median age of 69 years (33–90 years). The overall mortality rate
after the follow-up duration starting in 2007 with 87 included
patients was 64.4%. The median MPI as index for intraperitoneal
peritonitis at the timepoint of the initial surgery was 14 (5–26),
the median ASA as index for co-morbidities was 2 (1–4) and the
SAPS as index for physiological health was 8 (0–28) in the current
study population (Table 1).

The source of infection at the initial surgery was the upper GI
(gastrointestinal) tract (stomach, duodenum, small bowel) in 10
patients (32.3%), the lower GI tract (colon, rectum) in 19 patients
(61.3%) and pancreas in two cases (6.5%) (Figure 3).

The follow-up period was 8–13 years.

NPWT and Delayed Closure
The median NPWT duration was 6.5 days (3–62) with a median
of 3 (1–16) reoperations (Table 1). In 27 patients (87.1%) FC
could be performed, in four patients (12.9%) FC was not
possible: in two patients the skin only could be closed, in
one case split-thickness skin grafts were used for abdominal
closure. These three patients had planned hernias after
discharge from hospital. One patient received plastic abdominal
wall reconstruction.
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FIGURE 2 | Questionnaire about long-term complications after OA and NPWT. OA, open abdomen; NPWT, negative pressure wound therapy.

TABLE 1 | Patients demographic data.

Population 31

Male sex 16 (51.6%)

Female sex 15 (48.4%)

Age 69 (33–90)

Source of Infection

Upper GI 10 (32.2%)

Lower GI 19 (61.3%)

Pancreas 2 (6.5%)

MPI 14 (5–26)

SAPS 8 (0–28)

ASA 2 (1–4)

Reoperations 3 (1–16)

NPWT duration 6.5 (3–62)

ICU stay 13 (3–74)

GI, Gastrointestinal tract; MPI, Mannheimer Peritonitis score; SAPS, Simplified Acute

Physiology Score; ASA, American Society of Anesthesiologists; NPWT, Negative Pressure

Wound Therapy; ICU, Intensive care unit.

Fascial closure with running sutures was performed in 22
patients: Six with Monomax R© 0 (Braun, Melsungen, Germany),
three with Monomax R© 1 (Braun, Melsungen, Germany),
eight with PDS R© (Ethicon, Norderstedt, Germany), two with
MaxonPlus R© (Braun, Melsungen, Germany), and three with
Prolene R© (Ethicon, Norderstedt, Germany). In two patients
the fascia was closed with interrupted sutures using Vicryl R©

(Ethicon, Norderstedt, Germany). In three patients the applied
technique was not sufficiently documented (Figure 4). The
median stay at the ICU was 13 (3–74) days.

Questionnaire
Among the 31 included patients 24 (77.4%) answered the
questionnaire (Figure 2).

FIGURE 3 | Source of infection, wound healing disorder and incisional hernia

in a 10 years follow up. FU, follow-up; NPWT, negative pressure wound

therapy; GI, gastrointestinal tract.

Three patients (12.5%) were still suffering from pain in the
operating field. All three patients were having pain at rest but
not during exercise typical of the respective patient’s age and
for more than 3 months (chronic pain). None of the patients
required analgesic treatment. The mean VAS score was 3 (3–4).
Twenty-one patients (87.5%) did not feel any pain in the original
operating field (Table 2).

Among the 24 patients, 11 patients (45.8%) have developed
an IH, whereas three patients suffered from planned IH after
skin closure only or split thickness skin grafts. Six hernias
(54.5%) were diagnosed radiologically (computed tomography,
magnetic resonance imaging, ultrasound), the other five hernias
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FIGURE 4 | Techinque of delayed abdominal closure, wound healing disorder and incisional hernia in a 10 years follow up. FU, follow-up; NPWT, negative pressure

wound therapy.

TABLE 2 | Results of the questionnaire answered by 24 patients.

Pain 3 12.5%

Pain at rest 3

Pain in motion 0

Chronic pain (>3 months) 3

VAS (1–10) 3.3 3–4

Analgetic therapy required 0

Incisional hernia 11 45.8%

Clinically detected 5 45.5%

Radiologically detected 6 54.5%

Hernia repair 5 45.5%

Recurrence 1

Other abdominal surgeries after NPWT 6 25%

(45.5%) were diagnosed by clinical examination. Five patients
(45.5%) with hernias underwent surgical hernia repair, with one
recurrence hernia among the operated patients. None of these
patients claimed pain in the operating field (Table 3).

Among the 11 IH patients nine (81.8%) were found to have an
asymptomatic hernia and two (18.2%) symptomatic hernias. Two
out of three patients with pain in the operating field (66.6%) still
had an IH and did not have hernia repair (Table 3, Figure 5).

Six patients (25%) underwent additional abdominal surgery
after NPWT and fascial or skin closure: one prostatectomy, two
stoma surgeries, one scar correction, one cholecystectomy, one
reason for surgery was not reported.

The reason for loss to follow-up were changes in address
and/or phone number, or personal reason not to answer
our questionnaire.

Incisional Hernia
We compared the technique of fascial closure, the source of
infection, delayed wound healing in patients that developed an
IH after NPWT with DFS.

TABLE 3 | Answers regarding incisional hernias, with and without repair and pain.

Pain (3) No pain (21)

Hernia (11) 2 (18.2%) 9 (81.8%)

No hernia (13) 1 (7.7%) 12 (92.3%)

Hernia (w. repair) (5) 0 5 (100%)

Hernia (wo. repair) (6) 2 (33.3%) 4 (66.7%)

Among the 24 patients, 11 patients (45.8%) were found to
have an IH. Four patients (36.4%) received FC with running
sutures: one with Monomax R© 0 (9%), two with PDS R© (18.2%)
and one with MaxonPlus R© (9%). In one patient (9%) the fascia
was closed with interrupted sutures (Vicryl R©). In three patients
the technique of FC was not documented (27.3%). Three patients
did not receive FC after NPWT therapy but skin closure only or
split thickness grafts (27.3%) (Figure 4).

One patient that was found to have an IH after NPWThas died
since our last publication and was excluded in the present study.

The source of infection of the secondary peritonitis among the
IH patients was documented: In three out of ten patients (30%)
with the upper GI tract (stomach, duodenum, small bowel),
in seven among 19 patients (36.8%) with the lower GI (colon,
rectum) and in one out of two patients (50%) with the pancreas
as source of infection an IH was diagnosed (Figure 3). No
significant relation could be shown between source of peritonitis
and the development of IH.

Four patients suffered delayed wound healing after NPWT,
one of these patients did not receive FC but skin closure and one
patient with delayed wound healing developed an IH. All four
patients had the lower GI as source of infection (Figure 3), but
not all of these were found to have an IH.

Delayed abdominal closure in patients with IH was achieved
after 10 (3–62) days with 4 (1–16) reoperations. Patients without
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FIGURE 5 | Twenty-four patients were available for follow up. Flow chart

regarding pain incisional hernia and hernia repair.

TABLE 4 | Possible risk factors for the development of incisional hernia (IH) after

NPWT.

IH No IH

NPWT (days) 10 (3–62) 6 (3–38)

Reoperations 4 (1–16) 3 (1–10)

ICU (days) 13 (3–74) 15 (11–39)

MPI 11 (5–26) 15 (9–25)

SAPS 7 (1–15) 11 (4–28)

ASA 1 (1–3) 2 (1–4)

BMI 28 (16–44) 27 (18–35)

MPI, Mannheimer Peritonitis score; SAPS, Simplified Acute Physiology Score; ASA,

American Society of Anesthesiologists; NPWT, Negative Pressure Wound Therapy; ICU,

Intensive care unit; BMI, Body Mass Index.

IH received delayed closure after 6 (3–38) days with 3 (1–10)
reoperations (Table 4). No significant differences were detected
between treatment days, reoperations and the development of
IH (p = 0.302 and p = 0.238). The mean MPI in patients that
developed an IH [11 (5–26)] was lower compared to the patients
without IH [15(9–25)] but failed to be significant (p = 0.107).
The mean SAPS and ASA score was lower in patients that have
developed an incisional hernia [7 (1–15) vs. 11 (4–28), 1 (1–3)
vs. 2 (1–4)] (p = 0.66, p = 0.92). The mean stay at ICU was
lower in patients with IH [13 (3–74) vs. 15 (11–39)] (p = 0.1)
(Table 4). The mean BMI was higher in patients with IH [28 (16–
44)] compared to patients without IH [27 (18–35)] but without
significant differences (p= 0.564).

DISCUSSION

After a follow-up period of 8–13 years 31 out of 87 primarily
included patients (35.6%) were still alive. Seven more patients

died since our last study in 2017. The overall mortality rate
over the whole follow-up period is 64.4%, whereas 26.4% of
the patients already died during the hospital stay. We already
described a high early mortality rate and detected significantly
higher MPI, ASA and SAPS scores in the patient population that
did not survive until the first follow-up. After these first critical
months OA and NPWT is accompanied by a satisfying survival
rate (20). Currently there are no data in the literature about
survival rates over a follow-up period of 10 years.

In the current study 24 among 31 patients (77.4%) were
available for follow-up compared to 21 out of 36 (55.3%) in our
study in 2017. In 11 patients an incisional hernia was diagnosed
(45.8%). In our previous study a lower IH rate with seven hernias
among 21 patients (33.3%) were detected. Additionally, two of
the IH patients died since 2017 and were excluded in the present
study. The higher rate of IH can be explained by two recently
diagnosed hernias and four patients with hernias that were not
available for follow-up in the previous study.

The hernia rate of 45.8% after a period of 8–13 years is still
lower than described by Petersson et al. who found an IH rate
of 62% in a 5-years follow-up after OA treatment with vacuum
assisted wound closure and mesh mediated fascial traction. The
mean time of hernia diagnosis was 11 months, either by clinical
investigation (36%) or CT scan or laparotomy in further 30%.
The earlier development of IH can be explained by a more
extensive injury to the fascia caused by suturing the mesh to the
fascial edges (19).

Brandl et al. (12) found an IH rate of 35% at a median follow-
up time of 26 (12–81) months using NPWT for OA treatment
without DFS or other devices to reduce fascial lateralization. The
Kaplan-Meier analysis estimated a hernia rate of 66% after five
years, which is higher compared to our study with 45.8% after
7–13 years. They described the best results with running sutures
and a slow absorbable material for DFS and the highest IH rate
with interrupted sutures and absorbable material (Vicryl R©). They
discuss a certain selection bias with a higher rate of Vicryl R© use in
patients with a higher extent of fascial contamination and injury,
and higher degree of tension at closure. In our study DFS were
applied to reduce fascial lateralization to lower the consecutive
tension at the time of FC. The higher fascial tension and the
use of different closure techniques can explain the differences in
IH rates described by Brandl et al. (12). A follow-up study with
recent data might be of interest.

The recommended closure technique for midline closure
described by Israelsson et al. is a running suture in small bite
technique with 5:1 or 6:1 suture-to-wound length (22–24). We
changed closure technique according to the recommendations
from interrupted sutures with multifilament, resorbable and
non-resorbable material (Vicryl R©, Ethibond R©) to large bite
and small bite technique with monofilament, non-resorbable
(Prolene R©) and late resorbable sutures (PDS R©, MaxonPlus R©,
MonoMax R©). This change caused a heterogeneity in closure
technique in our study, thus recommendations for FC according
to our study results are hardly possible.

Petersson et al. performed FC with PDS R© achieving a suture
to wound ratio of at least 4:1 after mesh mediated fascial traction
and found higher IH rates compared to our study (19). This
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might well be due to the above mentioned more extensive fascial
injury rather than to the actual suture technique.

Jakob et al. described a new technique for abdominal closure
after OA treatment. After an initial period with NPWT they
implanted an intraperitoneal onlay mesh (VAC-IPOM). The
fascia was partially or completely closed with running sutures
using PDS R© and NPWT was applied to the mesh. NPWT was
kept until an adequate formation of granulation tissue was
achieved. They compared their new technique with vacuum-
assisted wound closure and mesh-mediated fascial traction
(VAWCM) with direct fascial closure using absorbable loops.
They described less re-operations and reduced hospital and ICU
stay after VAC-IPOM therapy. Complete fascial closure using
VAC-IPOM was achieved in only 26% compared to 74.2% using
VAWCM. 25.8% of patients with VAWCM were left with a
planned hernia. They described a significantly longer hernia-free
survival using their new technique caused by a possible sufficient
stabilization using the IPOM mesh without direct fascial closure
and a subsequent reduction of extensive fascial tension. This
reduced fascial tension and the possible fascial injury as well as
the use of resorbable material in the VAWCM group can explain
the difference in hernia incidence (21). A comparison to our
study is hardly possible, because the authors do not offer an IH
rate at a given time point.

Willms et al. recently published a multi-center multivariable
analysis of data from the Open Abdomen Route of the European
Hernia Society. They found a significant improvement of
prognosis of OA and a positive correlation of fascial closure with
NPWT and dynamic closure techniques. A high intraabdominal
contamination and long treatment before facial closure was
found to be negative correlated with fascial closure (18).

In our previous study we found significantly fewer NPWT
treatment days and reoperations in patients without IH (20).
These findings indicate a possible negative influence of OA and
NPWT on hernia development. In the recent study patients
with IH achieved delayed abdominal closure after 10 (3–62
days) and 4 (1–16) reoperations. Patients without IH were again
found to have fewer NPWT treatment days [6 (3–38)] and
reoperations [3 (1–10)]. Nevertheless, after a mean of 10 years
no significant differences could be detected between treatment
days, reoperations and the development of hernias, although we
still see a clear trend. Interestingly and in contrast to the results
regarding reoperations and treatment days, we detected a lower
MPI, lower ASA and SAPS scores and fewer days at ICU in
patients that developed an incisional hernia over a time period
of 8–13 years. Hence, patients without IH had a higher MPI but a
shorter treatment period. These findingsmight support a trend to
fewer reoperations and treatment days despite distinct secondary
peritonitis at the time of acute primary surgery. The BMI at time
of primary surgery was lower in patients that did not develop an
incisional hernia without significant differences. Bjarnason also
did not find a significant association between known risk factors
of IH (e.g., obesity) and the development of IH one year after OA
treatment but discussed a possible type II statistical error (25).
Interestingly, all four patients with wound healing disorder had
the lower GI as source of infection, but not all of these patients
were found to have an IH in the FU. Wound healing disorder is

a well-known risk factor for IH, but might lose its importance in
the development of IH in a long-term FU.

Three out of 24 patients were still suffering from pain in the
original operating field, one patient had three further abdominal
surgeries, the other two patients achieved abdominal closure
after NPWT with split skin grafts and planned hernias. None
of the patients required ongoing pain medication. Five patients
with IH had undergone incisional hernia repair. In contrast to
our previous study none of the patients complained of pain in
the operating field. Among the six patients that did not have
hernia repair four do not claim pain in the operating field. We
reported of six patients with pain in our previous study with a
possible relation of pain and IH. Bjarnason et al. reported similar
relations between pain and IH after NPWT and mesh-mediated
fascial traction after 1 year (25). Petersson at al found 59% of
patients complaining of different symptoms at the abdominal
wall without relation to IH in the same study population after 5
years (19). Only 14% reported pain in the original operating field.
These findings and our own results suggest a possible reduction
of pain over time. Abdominal symptoms might be caused by
possible consequences of secondary peritonitis and OA with
NPWT (e.g., adhesions).

Incisional hernias remain a serious problem after OA and
NPWT. Our long-term follow-up study over up to 13 years
underlines the relevance of incisional hernias as a main long-
term complication after OA treatment. Nevertheless, the use of
dynamic fascial sutures and negative pressure wound therapy
lead to high rates of success in delayed fascial closure, fewer
hernias and a low incidence of pain compared to other
techniques. To the best of our knowledge our study reviews the
longest follow-up period of 8–13 years. Due to a seriously ill
and elderly patient population we found a high drop-out rate.
Recommendations for FC technique in this special case of partly
injured fascia and lateralization of the rectus muscle are limited
by the heterogeneity of FC in our study.

In conclusion, the incidence of incisional hernias after OA
treatment increases over time with 45.9% after a mean follow
up of 10 years. In contrast, the number of patients with pain in
the original operating field and the use of analgesic treatment
decreases over time. Further research is needed to investigate
techniques for fascial closure after NPWT and an eventual
positive effect with standardized methods has to be hypothesized.
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Enteroatmospheric fistula (EAF) after open abdomen adds difficulties to the management

and increases the morbidity and mortality of patients. As an effective measurement,

reconstructing gastrointestinal tract integrity not only reduces digestive juice wasting

and wound contamination, but also allows expedient restoration of enteral nutrition

and intestinal homeostasis. In this review, we introduce several technologies for the

temporary isolation of EAF, including negative pressure wound therapy, fistuloclysis,

fistula patch, surgical covered stent, three-dimensional (3D) printing stent, and injection

molding stent. The manufacture and implantation procedures of each technique with

their pros and cons are described in detail. Moreover, the approach in combination

with finger measurement, x-ray imaging, and computerized tomography is used to

measure anatomic parameters of fistula and design appropriate 3D printer-recognizable

stereolithography files for production of isolation devices. Given the active roles that

engineers playing in the technology development, we call on the cooperation between

clinicians and engineers and the organization of clinical trials on these techniques.

Keywords: open abdomen, enteroatmospheric fistula, fistula isolation, biomedical device, 3D printing

INTRODUCTION OF OPEN ABDOMEN THERAPY

The open abdomen therapy can be chosen for severe intraabdominal infections and abdominal
compartment syndrome (ACS) when no other perceived options exist. This strategy allows
surgeons to carry out source control procedures on unexplored abdominal infections and reduce
intraabdominal pressure for the prevention of visceral organ ischemia (1). Early closure of abdomen
is highly recommended once patients’ conditions are improved because open abdomen therapy
can alter the normal physiological states of abdomen and cause wound infections, seromas,
fistula formation, recurrence of the defect, and even death (2–4). Primary fascia closure is
an ideal solution to realize the abdominal closure, but in the presence of large fascia defects,
temporary abdominal closure (TAC) can be alternatively applied including Bogotà bag, skin
closure, Wittmann patch, Barker vacuum pack, commercial negative pressure wound therapy
(NPWT), and commercial NPWT plus mesh-mediated traction (5). A clinical investigation from
the International Register of Open Abdomen (IROA) study group indicated that NPWT was
the most frequent choice (46.8%) for TAC (6, 7) because it facilitated the formation of wound
granulation, prevention of fistula formation, and reduction of wound contaminations (8, 9).
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Even with these interventions, the occurrence of
enteroatmospheric fistula (EAF) still reached 9% and the
overall mortality rate in the entire population was 29.7%. In the
subgroup analysis, it was revealed that EAF raised the death
rate from 28.8 to 39%, suggesting that EAF was an independent
risk factor of mortality as it can lead to the loss of digestive
fluid and other complications including wound contamination,
water-electrolyte disturbance, troubles in enteral nutrition, and
hyper-metabolic conditions as well as chronic intestinal failure
(10, 11). Moreover, once the mucosa is protruded, EAF cannot
be closed spontaneously and has to be resected until the patient
has recovered and the wound completely heals (12). For this
reason, fistula isolation is very important to ensure the safety of
patents waiting for definite fistula surgeries.

EMERGING TECHNIQUES FOR EAF
ISOLATION

EAF requires comprehensive treatments: (1) nutritional support,
among which the early total parenteral nutrition is beneficial for
intestinal rest and spontaneous fistula closure; (2) somatostatin
analogs, which reduce gastrointestinal (GI) secretions and allow
fast fistula closure, but do not reduce the mortality. Most of the
studies agree that the greatest benefit occurs in the first 10 days
of treatment (13, 14); (3) antibiotics, whose application should
follow the Surviving Sepsis guidelines, and empiric coverage
should not exceed 4 to 7 days (15, 16); (4) maintenance of water
and electrolyte balance. Fluid infusion is administered based on
a general analysis of fistula’s output and body fluid balance; (5)
others, such as fibrin glue, endoscopic clips, and fistula plug
can be considered the adjuvant therapy for non-operative fistula
closure (17–20). In addition, various EAF isolation approaches
have been invented for improving the wound protection and
maintaining the GI homeostasis, therefore playing increasing
therapeutic roles.

NPWT
NPWT has been widely used for TAC in clinical practice.
Firstly, the skin necrosis and any other necrotic tissues need
to be debrided. Secondly, an obligatory non-adherent polyvinyl
alcohol membrane serves as the first layer of NPWT over the
intestinal loops and a piece of white sponge as the second.
The non-adherent layer can effectively prevent the adhesion
between the intestinal loops and the sponge. It is worth
noting that the sponge needs to be tailored slightly smaller
than the size of abdominal wound to leave enough space for
abdominal wall traction. If there are any skin folds, stoma
and drainage tubes, the stoma pastes or silicone gels are
required to make the entire negative pressure system sealed.
Finally, the adhesive drape is placed over the sponge with
the margins of intact skin. An external negative pressure is

Abbreviations: EAF, enteroatmospheric fistula; NPWT, negative pressure wound

therapy; CT, computerized tomography; STL file, stereolithography file; ACS,

abdominal compartment syndrome; TAC, temporary abdominal closure; GI,

gastrointestinal; FDM, fused deposition model; PLA, polylactic acid; TPU,

thermoplastic polyurethane; MRI, magnetic resonance imaging.

chosen ranging from −100 to −125 mmHg to drain the
intestinal fluids according to their output, the number of
EAFs, the amount of NPWT, and the process of wound
healing (21). The whole equipment for NPWT is described in
Figure 1A, which has been commercially available from KCI
(TX, USA). Figure 1B shows the practice of NPWT in our
medical center.

Although treated with NPWT, the spontaneous closure of
EAF is very rare and depends on the fistula location and
output (22, 23). Once the mucosal protrusion of EAF occurs,
spontaneous closure becomes impossible, and the only chance
for patients is to survive with the intention of further surgery.
In this situation, further aggressive approaches can be considered
if a satisfied source control has not been achieved. For example,
Foley catheter can be placed directly into the intestine lumen and
pulled out through holes in every layer of the NPWT dressing
(Figure 1C), which enables drainage of high-output fistula and
achieves a more satisfying result than the NPWT alone (21).
Similarly, the silicone fistula adapter (SFA) has been invented
by PPM Fistelapater to realize the isolation of fistula opening
in combination with NPWT (Figures 1D,E) and drains the EAF
more efficiently (24).

Fistuloclysis
Management of EAF requires sufficient nutritional and
metabolic supports by the means of gradual transition from
parenteral nutrition to enteral nutrition. Long-term parenteral
nutrition may lead to complications such as the catheter-related
bloodstream infections, liver injury, and intestinal dysfunction,
while enteral nutrition can improve those conditions. As an
enteral nutrition routine, fistuloclysis can be used to infuse
enteral nutrients, formula, or proximal GI secretions to the
distal limb of fistula in order to improve the nutritional
status and maintain fluid/electrolyte homeostasis (25, 26).
Figure 2 shows that this technique was applicable in granulating
the open abdomen with EAF in our medical center. It was
revealed by Mettu et al. (27) that fistuloclysis could replace
the parenteral nutrition and reduce the cost of nutritional
support. For these critically ill surgical patients, fistulaclysis
allows early enteral nutrition, which improves prognosis through
improvements of intestinal barrier functions and immune
states (28, 29).

However, fistuloclysis has been less popular in recent years
mainly due to technical and aesthetic concerns (30). Some
EAFs are not appropriate for fistuloclysis because of their
distal locations or failure in the placement of feeding tubes. In
addition, this approach is accomplished with risks of the tube
dislocation, effluent deterioration, and wound contamination,
thus consuming large amounts of nursing work. Through
combining with NPWT, it facilitates the control of fistula effluent
and fixation of fistuloclysis tube, which makes fistuloclysis safer
(31). Collectively, our opinion is to carry out this technique
if enteral nutrition is achieved especially when EAF is located
in the proximal part of small intestine, and this approach
will enhance the physical strength of patients to tolerate
definite surgery.
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FIGURE 1 | NPWT for EAF isolation. (A) The schematic diagram of the vacuum-assisted closure (VAC) device for NPWT. (B) The patient with EAF received NPWT in

our medical center. The use of picture was approved by the patient. (C) Foley catheter can enhanced the drainage of EAF with protruded mucosa. Reproduced with

the permission from Bobkiewicz et al. (D,E) The real product of the silicone fistula adapter (SFA) and its application in EAF for an efficient drainage. Reproduced with

the permission from Wirth et al.

Fistula Patch
Compared with fistuloclysis, intraluminal occlusion of EAF is
more advantageous since it supports the physical integrity of
GI tract and ensures the pass of digestive contents with less
leakage from EAF. Fistula patch is the first-generation device that
addresses this issue. As shown in Figure 3A, the patch is made of
two pieces of silica gels embedded with a polypropylene mesh,
combining the materials’ elasticity and plasticity. This design
enables the rolling of the patch for implantation as well as rapid
shape recovery in the intestinal lumen (Figure 3B).

Notably, the patch can only be applied to the EAFs with
mucosal protrusion and needs to be tailored in accordance
with their anatomic characteristics. Figure 3C shows a patient
treated with the fistula patch, which was fixed above the
abdominal wounds using a tube. A study from our medical
center revealed that this technique could help restore enteral
nutrition and reduce the effluent of EAF (32). However, only
around half of patients were suitable for this treatment because
of the implanting difficulties and anatomic complexity of EAFs.
Moreover, the safety concerns regarding this technique have also
been raised particularly in these patients with intestinal edema
or anatomic mismatch of the patch to the EAF. This is because
under those conditions, the intestinal wall is prone to the physical
cutting of the patch edge (Figure 3D), leading to GI rupture and
bleeding, although these complications are rare.

Fistula Stent
More insights have been put on the fistula stent that can be
made tubularly and conforms to the shape of intestinal tract.
As shown in Figure 4, Rebibo et al. (33) reported a covered
self-expanding metal stent (Hanarostent HRC, Life Partners
Europe, Bagnolet, France) to close the EAF. This stent was
implanted through a terminal ileostomy assisted by a guide wire
and the endoscopy. Three patients received this treatment and
regained the enteral nutrition. Combined with NPWT, two of
them achieved the spontaneous closure of EAF, and then the
stent could be removed in the assistance of endoscopy. This
study preliminarily indicated the effectiveness of the covered
self-expanding metal stent. However, pre-existing ileostomy and
complicated implanting process greatly limit the indication of
this management for EAF.

Our medical center explored a novel approach that extended
the application of fistula stent to patients without ileostomy
by using a 3D printing technique (34–37). This technique
was based on a fused deposition model (FDM) in which the
thermoplastic polyurethane (TPU) filament was melted and
reshaped as desired. To obtain an appropriate stent, the first
step was to investigate the anatomic parameters of EAF. Three
methods can be used to measure the EAF including the finger
palpation, x-ray imaging, and computerized tomography (CT)
(Figure 5A). The finger palpation is the most direct way. By
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FIGURE 2 | Fistuloclysis for the restoration of enteral nutrition. This patient was treated with open abdomen (grade 4, frozen abdomen) and the effluent was

immediately reinfused into distal limb of EAF. The use of picture was approved by the patient.

wearing sterile gloves, fingers can reach into the intestinal lumen
though the EAF orifice; however, this does not always work when
the orifice is too small or the intestinal lumen is too narrow.
Moreover, due to the inaccurate and limited touch, some tiny
fistulas are easily omitted. Fistulography by the x-ray imaging
can be used to detect these tiny fistulas and achieve a general
view toward the GI tract integrity (38). Contrast-mediated high
resolution CT is a more advantageous method not only due to its
high sensitivity for the fistula (39), but also because the images
can be reconstructed in 3D so that we are able to visualize the

anatomic parameters of EAF (34). The goal of these detection
approaches is to obtain the diameters of proximal and distal
limbs (L1, L2) and their resulting angle (β) in order to design a
suitable stereolithography (STL) file based on the measurements
(Figure 5B). This STL file can be recognized by an FDM 3D
printer to print a fistula stent made of TPU (Figure 5C). Because
of the elasticity of TPU, the resulting stent can be remodeled
during the implantation (Figure 5D). Figure 5E demonstrates
a case who received a 3D printing fistula stent for isolation
of the EAF. This treatment allowed the patient to restore the
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FIGURE 3 | Fistula patch for the occulsion of EAF. (A) The appearance of fistula patch. (B) The fistula patch needs to be rolled up for implantation. (C) The patients

with EAF received the treatment of fistula patch that was fixed using a tube. Reproduced with the permission from Wang et al. (D) The schematic diagram of the fistula

patch application and fixation. It highlights the potential risks for cutting the intestinal wall caused by the patch edge.

FIGURE 4 | A commercial covered self-expanding metal stent was used to isolate the EAF. Reproduced with the permission from Rebibo et al.
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FIGURE 5 | 3D printing stent for the isolation of EAF. (A) The methods to measure the anatomic parameters of EAF. (B) The STL file of stent designed using Solidwork

software according to the measurement of EAF anatomy. (C) The schematic diagram of a 3D printer run in the FDM model to print the stent. (D) Implantability of the

stent due to its shape flexibility. (E) The process of the stent implantation and fixation. Reproduced with the permission from Huang et al.

FIGURE 6 | Injection molding stent as a universal approach for the isolation of EAF. (A) The STL file of mold designed by Solidwork software according the

measurement of EAF anatomy. (B) The schematic diagram of an FDM 3D printer printing the mold. (C) The real product of the printed mold and the stent that was

casted from the mold. (D) The application of an injection molding stent in combination with fistuloclysis for the treatment of multiple EAFs. The use of picture was

approved by the patient.

enteral nutrition, reduce the effluent, and feel free when doing
some exercise for the recovery of physical strength. Notably,
the anatomic features of EAF may be altered with the change

of intestinal adhesion; therefore, a new stent is needed at this
situation to replace the old, particularly in case the effluent greatly
increased. Considering the implanting difficulties, the stent is
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TABLE 1 | Comparisons of fistula isolation approaches.

NPWT Fistuloclysis Fistula patch Covered metal

stent

3D printing stent Injection

molding stent

Commercially

available

Yes Yes Yes Yes No No

Average time for

device preparation

and implantation

(hour)

0.5 0.2 0.2 Not known 12-24 1

Contraindications Not specific Fistula distally

located; distal tract

not accessed.

Small fistula orifice Without intestinal

stoma

Small fistula orifice Small fistula orifice

Potential technical

risks

Not specific Chyme

contamination

Mechanical

damage to

adherent mucosa

Iatrogenic injury

(endoscopic

perforation)

Iatrogenic injury

during

implantation

Iatrogenic injury

during

implantation

Clinical evidence High Moderate Low Low Low Low

only indicated to a relatively large orifice of EAF with mucosal
protrusion. Moreover, the complicated manufacturing process
limited the promotion of this technology to other medical centers
so that the current clinical evidence is low.

As an alternative, injection molding stent was invented and
was easily promoted because the molds can be prepared in
advance based on different anatomic parameters of EAF with the
β ranging from 70◦ to 180◦ and the parameters ranging from 1 cm
to 3 cm. The extreme case still requires a 3D printing stent or
to customize a mold. As shown in Figure 6A, the mold consists
of two shells and one core. The shell is tailored with the holes
at the edge for fixation and the hole in the middle for injection
of silica gel, which fills up the space between the shell and core
and then is solidified at 100◦C for 30min. The mold is fabricated
using a 3D printer in FDM and made of the polylactic acid (PLA)
(Figure 6B). Figure 6C demonstrates the manufacturing process
of a stent casted by a mold from the mold installation, silica gel
injection, to the mold removal. The silica gel product is featured
on its elasticity so that the stent is easily implanted into EAF
(Figure 6D). This technique consumes less time (merely 1h) to
access a personalized stent compared with the 3D printing stent.
Because of a similar size to the 3D printing stent, this injection
molding stent is also only indicated to a relatively large orifice
of EAF with mucosal protrusion. Table 1 lists the comparisons
among all mentioned approaches from technical and clinical
perspectives, and the choice is based on the individual conditions
of patients.

OUTLOOK FOR EAF MANAGEMENT

Although the progress has been achieved on EAF isolation,
the technique still needs to be further optimized. First, due
to the limited contrast between intestinal tissues and the
surrounding soft tissues, current imaging methods cannot
extract the intestinal photos directly so that we have to
design the STL file separately using the Solidwork software,
which is time-consuming. Magnetic resonance imaging (MRI)
technology has shown higher sensitivity in distinguishing GI

fistula from soft tissues (40, 41), and is promising to provide
a more precise tool for the measurement of EAF anatomy.
When combined with artificial intelligence, the ultimate goal
is to achieve the STL file of fistula stents directly from
the fistula images in a quick and convenient manner (42–
45). Moreover, the small size of EAF’s orifice hinders the
implantation of the fistula stent. To address this issue,
elastic and shape-memory biomaterials should be tested for
production of the stent (46–48). In addition, the clinical trials
based on these techniques are urgently needed for providing
more evidence.

CONCLUSION

In this review, we introduced several isolation approaches
for the management of EAF after open abdomen including
NPWT, fistuloclysis, fistula patch, surgical covered stent, 3D
printing stent, and injection molding stent. The choice of these
approaches should consider the condition of EAF, general body
habitus, and the treatment purpose. The fistula stent is a new
solution with promising functions in the maintenance of the
GI tract physical integrity. The cooperation between surgeons
and engineers is advocated to promote the improvement and
application of these techniques.
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Introduction: The use of negative pressure dressings for open abdominal therapy

has made a great impact on strategies for open abdominal treatment. Observed

intestinal damage and developement of fistula formation raises questions about safety

of commonly used systems (AB-Thera). The most common used system uses foils for

shielding intestines directly from negative pressure. As an alternative a system with open

pore dressing in double layer film was introduced (Suprasorb CNP) and proved to safe in

animal studies. We compared the effects of this two systems on patients requiring open

abdominal treatment.

Materials and methods: Patients with secondary peritonitis in at least two abdominal

quadrants were included in this randomized study. Inclusion criteria were secondary

peritonitis (ACS), abdominal compartment syndrome, and abdominal trauma combined

with ACS and/or contaminated abdomen. Patients with active bleeding and pancreatitis

were not included. We examined Mannheim peritonitis Index (MPI), bloodcount, PCT,

amount of fluid collected, and morphological changes on the bowel. Data were collected

on day 2, 4, 7, 14, 21, and 28. Primary end point was fascial closure. Examination

was terminated in case of death and damage to the abdominal organs. Groups were

compared using Mann Whitney U-test and chi square test. Trend evaluation was

evaluated using an one way repeated measure analysis of variance. P-values below 0.05

was considered significat.

Results: Thirty four patients were included between August 2010 and September 2012.

There were no significant difference between two groups in MPI, age, and gender. Mean

duration of treatment, WBC, CRP, and abdominal closure rate were not significantly

different between groups. Suprasorb CNP System collected twice more fluid than

AB-Thera and decreased PCT on significantly faster rate than AB-Thera. Four patients

died (11%) and four patients developed enteric fistula (11%). Closure rate was achieved in

27 out of 34 Patients (79.5%). Closure rate was not significantly different between groups.

Conclusion: The use of both systems proved to be efficient and safe. The application of

well-dosed, moderate negative pressure on contaminated areas of the abdomen seems

to have a lot of potential and it is worth directing greater research potential in this direction.

Keywords: open abdomen therapy, abdomen vac therapy, abdomen sepsis, abdominal compartment syndrome,

negative pressure on bowel surface, Suprasorb CNPR, ABtheraR
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INTRODUCTION

The use of negative pressure dressings for open abdominal
therapy (OAT) was probably first described by Brock 1995 (1)
and has influenced the development of strategies for treatment
of secondary peritonitis (SP) and abdominal compartment
syndrome (ACS). Without any doubt, negative pressure therapy
(NPT) systems offer a new dimension in OAT, fulfilling most
of the criteria for optimizing success and minimizing risks in
OAT (2). Nevertheless, the controversy between open abdomen
treatment and “en demand” strategy with the risk of tertiary
peritonitis is inherent in the therapy strategies. Opponents of
OAT can also rightly point out that there are no guidelines for an
exact indication and technical processes. Additionally reports of
intestinal damage, fistula formation, can cause uncertainty about
the use of OAT treatments with NPT (3–7). The question arises
whether the currently widespread systems actually represent the
only and correct philosophy or if there is still potential in the
further development of the NPT systems. The most widespread
system, AB-Thera R© (ABThera system, KCI, San Antonio,
Texas, USA) (Figure 1), and most commercial applications,
use soft foils to protect the intestinal bundle, and only sparse
openings to keep the negative pressure away from the intestinal
surfaces (8). Opposite to these systems, we use a second film
system, Suprasorb-CNP R© (Suprasorb CNP system, Lohmann
& Rauscher, Austria-Germany) (Figure 1), which protects the
intestinal surfaces through soft material properties, but remains

FIGURE 1 | AB-Thera® NP-Dressing, Suprasorb-CNP® Dressing.

permeable to the negative pressure. In a preclinical animal study
we have examined this system to determine whether the effect of
negative pressure on the surface of the intestine and on organs
causes damage (9). This system works with closely spaced pores
in a double-layer film. In our in vitro study, this system showed
the double drainage effect to the AB-Thera film (10).

In this study, the effects of both systems are compared. In
addition, the sum of both systems should show how effectively
NPT therapy works in a controlled study conducted by surgeons
with special experience in open abdomen treatment, on patients
of different degrees of severity.

MATERIALS AND METHODS

Thirty-four patients were included during 2.5 years in an
“Intention to treat” protocol. Patients were randomly assigned
to experimental groups using the web-based randomizer (11).
The inclusion was carried out without any influence from the
treating surgeon by calling up the selection decision on the web-
based randomizer. The study followed the rules approved by the
ethics committee of theMedical University of Graz, Austria (No.:
21-198, 08/09).

The AB-Thera R© system, referred to as VAC-system, consisted
of polyurethane-foam (PUF) in star form, welded onto a
fenestrated plastic film (Figure 1). This was inserted in the
abdomen covering the greater omentum and the whole intestine
up to the liver and down into the pelvic cavity. The 1.5 cm
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FIGURE 2 | Study flow diagram according to CONSORT NPT.

pre-shaped PUF-oval was placed over this protecting contact
layer and positioned 3–4 cm below the edges of the inner
abdominal wall. There were 3–4 vessel loops R© (Vessel loops,
Devan, Covidien, USA) used as single stitches to approximate
the muscle-fascia layers as a kind of dynamic retention suture
(12). The subcutaneous space was filled with a second layer of
1.5 cm pre-shaped PUF-oval, attached to the skin’s edges with
staples. The wound was closed with the system’s adhesive drape.
Using a fixed suction line and suction pump, a negative pressure
of −125 mmHg was maintained in all cases in accordance with
the company’s recommendations (Figure 1).

The Suprasorb-CNP R© system, referred to as S-CNP-
system (Figure 1) used a membrane as described above,
shielding the intestine, liver surface and pelvic cavity
(Supplementary Material, L&R product description). The
film was covered with 1.5 cm PUF and 3–4 dynamic sutures
were placed exactly as forementioned in the VAC system. In this
system, however, a perforated silicon drainage tube was placed
in this plane and connected with the suction pump, served as the
suction line (Figure 1). After filling the subcutaneous space with
Kerlix R©-gauze (Kerlix-Gauze, Covidien, USA), the skin around
the wound was covered with a few layers of Kerlix R©-gauze and
then closed with the adhesive drape. A negative pressure of −60
mmHg (−50 to −80 mmHg) was maintained, according to the
cited reference animal study (9).

Inclusion Criteria
Flow diagram (Figure 2).

– Patients with secondary peritonitis in at least two abdominal
quadrants were included, when the cause of the peritonitis
(source) had been found and treated. The decision for open

abdominal treatment was made by the surgeon on duty.
Criteria for the decision were defined as follows:

– Patients who had exhibited peritonitis for more than 24 h and
in whom a second look was planned or for whom the abdomen
could not be closed for other reasons;

– Patients presenting with ACS for whom the indication
for open abdominal treatment after failure of conservative
treatment was made, when they had been otherwise stabilized
and no active bleeding was present;

– Patients after abdominal trauma combined with ACS and/or
contaminated abdomen due to enteral perforation, when they
had been stabilized, and no active bleeding was present.

Exclusion Criteria
– Patients with pancreatitis as the source of peritonitis
– Patients with active abdominal bleeding
– Pregnancy
– Patients under 18 years of age.

Whenever a patient developed an obvious entero-atmospheric
fistula, the observation was terminated and subsequent treatment
was given outside this study. If enteric opening was observed
we repaired it with sutures as usual, and gave a “c” according
to the amended OA classification (13), as described below in
the secondary parameters. If the opening persisted after the 2nd
attempt at repair, it was then categorized as fistula and marked
with “4,” according to same classification (13). Those patients
were then excluded from further observations in this study.

Study Design
The Mannheim Peritonitis Index (MPI) (14–18) was determined
for every patient at the time of inclusion. During and
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after the operation, photographic records were made on the
following objects:

– OP-site before and after treating the source of peritonitis
– The development during NPT and the condition of dressings

after application and before removal.

Changes of dressings with abdominal lavage were planned in the
operating room on days 2, 4, and every 2–3 days thereafter.

Data collections were performed on days 0, 2, 4, 7, 14, 21, and
28 in Examinations 1–7 (E1–E7).

Primary End Point
Primary end point was defined as closure of the muscle-
fascia- abdominal wall before or on day 28. The examination
of all patients for this study was terminated on day 28. The
follow-up regarding the death was continued for the entire
inpatient process.

Secondary Examination Parameters
1. Age, gender and BMI distribution for both groups.
2. MPI at the time of inclusion of the patient. According to

published data of predicted mortality and MPI values, a cut-
off point was set to a value of 25 MPI points to show the
distribution of low and high risk patients of both groups
(14, 17). To facilitate the comparison of the distribution,
MPI classification was divided into 4 groups according to the
severity of peritonitis and concomitant parameters.

3. Medical history and diagnosis relevant for inclusion: E1
4. Blood cell count and chemistry: Leucocytes, C-reactive protein

(CRP), Pro-calcitonin (PCT), at every examination.
5. Amount of fluids collected per 24 h via the NPT

System: E2–end.
6. Damage to the abdominal organs and tissue caused by the

NPT system: E2–end.
7. Open abdomen classification (13): E1–End (Abdominal

closure, premature termination).

Criteria for abdominal closure:

– Patients’ clinical state had to improve to the extent that
they were free of catecholamine support and no longer
had any major organ dysfunction requiring external support
(ventilation, hemofiltration).

– The inflammatory parameters tend to normalize.
– Two experienced surgeons with the involvement of the

responsible intensive care physician decided whether the
abdomen was ready for closure.

Statistical Analysis
We did a pilot study including 17 patients per group based on the
following sample size considerations. A sample size of 17 in each
group will have 80% power to detect a difference in means of 7
(the difference between a Group 1 mean, µ1, of 14 and a Group 2
mean, µ2, of 7) assuming that the common standard deviation is
7 using a two group t-test with a 5% two-sided significance level.

The data obtained for patients were mean, median, standard
deviation (stand.dev.), minimum (min), and maximum (max)
for continuous variables and absolute and relative frequency for

categorical data. The differences between the two groups were
analyzed using the Mann-Whitney U-test and the chi-square
test as appropriate. To compare trends in the inflammation
parameters, a one-way repeated measure analysis of variance
was used. We performed a linear mixed model analysis for the
rank-transformed PCT values using patient as random effect and
group (S-CNP or VAC) as well as a linear trend over time as
fixed effects. A p-value below 0.05 was considered significant. The
software package SPSS 20.0.0 was used for statistical analysis.

RESULTS

Thirty-four patients were included, 17 in each group.
Overall there were 22 male and 12 female patients with a

median age of 59.5 years (range: 23–79).
The distribution of age, gender, MPI, MPI range, and BMI for

both groups is shown in Table 1.
The causes of peritonitis and indications for open abdominal

treatment are listed in Table 2. Lower intestine defects were more
frequent in the S-CNP group (8 compared to 5) whereas upper
intestine defects were equally frequent in both groups.

The MPI values showed in Table 1C. were only slightly
different, the difference was not statistically significant.

The distributions of MPI values below and above 25
(Table 1D) were equal for both groups. Values higher than 30
occurred more often in the S-CNP group (7 vs. 5, respectively).
The difference was not significant.

The values of BMI are displayed in Table 1E. The difference
between the groups was significant. Two severely obese patients
were found with a BMI of 48 in the VAC group, while an
underweight patient with a BMI of only 17 was found in the S-
CNP group. The BMI was involved to observe the influence on
fistula formation and mortality (Tables 3, 4).

The mean duration of treatment (Table 5A) was found to
be 6.6 days with VAC and 8.9 days with S-CNP. Although the
maximum treatment duration was longer for S-CNP than VAC
(25 and 15 days, respectively). The difference between the two
groups was not significant.

Fluid collections during 24 h before examinations are shown
in Table 5B. With the S-CNP treatment, about twice the amount
of fluids was delivered than with the VAC system. The difference
was statistically significant (p= 0.004).

All descriptive statistics for Leucocytes and CRP can be found
summarized in the Supplementary Table 1.

The values of leukocytes and CRP showed a continuous
downward trend in both systems. There were also increases in
both groups. At one measuring point, E3, a significantly lower
value could be recorded for CRP in the VAC system, but this
was not confirmed at the following measuring points. Overall, no
specifically useful course could be found for leukocytes and CRP.

Descriptive statistics for PCT values are summarized in the
addended Table 2.

In the PCT values, both groups showed a linear decrease in
the values at the successive measuring points. This showed a
significance of <0.001 for both. The differences in the values
between the groups were clear, the PCT values for VAC were
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TABLE 1 | A: Age, B: Gender, C: MPI, D: MPI range, and E: BMI distribution for both groups.

A: Age B: Gender C: MPI D: MPI Range E: BMI

Mean Min/Max Stand.dev. Male Female Mean Min/Max Stand.dev. 0–25 25–30 >30 Mean Min/Max Stand.dev.

VAC 57.1 23/76 17.4 12 5 25 12/36 8.1 7 5 5 31 196/484 7.66

Sign.: p = 0.45 Sign.: p = 0.721 Sign.: 0.241 Sign.: 0.031

S-CNP 52.8 23/79 15.4 10 7 29 12/43 9 7 3 7 25 176/355 4.335

TABLE 2 | Diagnoses and sources of peritonitis.

Diagnoses VAC S-CNP n-total

Abdominal trauma with rupture and/or necrosis in the colo-rectal area, traumatic gastric perforation 3 3

Spontaneous and post-operative liver abscess 2 2

Perforated appendicitis with peritonitis 4 1 5

Perforation, anastomotic rupture in the colon, sigmoid colon, and rectum. 5 8 13

Gastro- duodenal ulcer perforation 2 1 3

Small bowel perforation, anastomosis rupture, uro-conduit necrosis. 3 4 7

Abdominal compartment syndrome 1 1

n 17 17 34

TABLE 3 | Patients who diet during study observation or hospital stay after study termination.

Pt.No./Age MPI BMI Days E1 to closure or termination Days E1 to + Diagnosis comments

5/50 36 19.6 1 1 Liver abscess, Leucemia, Sepsis, MOF

VAC 10/68 32 24.2 4 173 Duodenal fistula, Parkinson‘s disease

17/77 30 33.1 15 43 Bladder cancer, Gangrene of the small bowel

S-CNP 29/79 37 27.5 10 13 Late treatment of tubo-ovarian abscess, MOF

Comparative parameters (Age, MPI, BMI). Days from therapy onset to termination and to death, commented main, and accompanying diagnoses.

TABLE 4 | Patients developing enteric fistulae.

Nr Study duration- d MPI BMI Location of fistula NP-system

1 12 12 34.2 Small bowel VAC

10 4 32 24.2 Duodenum VAC

12 5 34 48.4 Ileo-transversostomy VAC

14 5 29 33.1 Small bowel VAC

Days from therapy onset to termination due to fistula formation, MPI- levels, BMI, and location of fistula formation. All observations were in the VAC group.

significantly higher at all measuring points than those for S-CNP,
p= 0.034.

A summary of the “Amended open abdomen classifications”
(13) (OAC grades) of all patients at E1–End is shown in Figure 3.
The dominant green for S-CNP indicates the tendency for
decreasing OAC-grades, the dominant gray and red for CNP the
tendency for constant and increasing OAC-grades.

The difference of tendencies of OA grades for both system
groups in Table 7. was found to be significant.

Early termination of study treatments:
Four patients were excluded from further study participation

when they developed enteric fistulae. Details are listed
in Table 4.

A total of 4 patients in this study died (Table 3). One
patient, a 59 years old female, died on the 1st post-
operative day of fulminant sepsis due to liver abscess in a
myeloid leukemia disease with the appearance of acute multi-
organ failure. Two patients died after abdominal consolidation
and a closed abdominal wall in the combination of their
multiple morbidity and the additional burden of their septic
abdominal disease. One patient died on the 173rd post-
operative day after initial sewing of a duodenal perforation.
The study observation had to be ended on the 4th day after
the 2nd NPT dressing change because of fistula formation
of the over-sewing. The subsequent treatment outside of
the study showed no success and the patient very slowly
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FIGURE 3 | Summary of the “Amended open abdomen classification.” Green, decreasing OAC grades; Gray, constant OAC grades; Orange, increasing OAC-grades.

TABLE 5 | A: Duration of treatments (E1—closure or termination), B: Fluid samples collected per 24 h.

A: Duration of treatments/days B: Total fluid volume/ml

Mean Min/max Stand.dev. Mean Min/max Stand.dev.

VAC 6.6 1/15 3.7 1981.3 220/6,900 1669.7

Sign.: 0.532 Sign.: 0.004

S-CNP 8.9 2/25 6.9 3779.4 850/10,700 2250.1

developed a multi-organ failure. All 4 patients were found with
MPI >30.

The overall mortality rate was found to be 11.76% (4 out
of 34), 1 before and 3 after abdominal wall closure, 3 in VAC
group, 1 in the S-CNP group. All of them were part of the MPI
>29 group therefore the mortality rate in this specific group
was 26.6%.

The primary end point, the closure of the muscle-fascial
abdominal wall (Table 8), was achieved in 27 out of 34 patients

(79.54%), after a mean of 7 days of treatment. Treatments ended
with definitive closure of the abdominal wall in 70.6% of the VAC
group and 88.2% (n.s.) of the S-CNP group. In 2 patients, due
to trauma-related necrosis of the rectus muscles, the fascia could
only be closed by bridging with prosthetic material. Both of them
were in the S-CNP group and they were not included into the
abdominal wall closed group.

There was no significant relationship between MPI, days of
treatment and abdominal closure.
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TABLE 6 | Mixed model analysis for the rank-transformed PCT values using

patient as random effect and group (S-CNP or VAC) as well as a linear trend over

time as fixed effects.

Mean rank (95% CI) p-value

Intercept 71.1 (57.3, 84.8) <0.001

VAC/S-CNP group 20.0 (2.36, 37.7) 0.034

Visit −10.8 (−13.3, −8.3) <0.001

TABLE 7 | Percentage of constant, increasing and decreasing amended open

abdomen classification grades for both groups.

Decreasing % Constant % Increasing %

VAC 25 44 31

p = 0.008

S-CNP 71 29 0

DISCUSSION

In this study, 33 of the consecutive patients were included with
secondary peritonitis and 1 patient with abdominal compartment
(Table 2). Hence, this can be viewed as a peritonitis study. The
severity according to the MPI was slightly higher in the S-CNP
group (n.s.), but in both groups it was clearly in the range
of higher severity, MPI median 28 and 29 (Tables 1C,D). The
mortality in this range of MPI grades is indicated as about 44%
(17). The selective mortality in this group MPI >29 in this study
is 26.6% and thus a clear signal for the benefits of NPT treatment
in this indication group. In the MPI <25 group, 17% mortality
is listed (17) while in the present study this group shows no
mortality. The distribution between the systems for this MPI
grades is equal, 7(VAC) and 7 (S-CNP) (Table 1).

The results are of course also to be assessed with regard to
the performance of intensive care medicine and its progress
since 1994.

Inflammation parameters are known to have an
accompanying significance as a decision-making aid in the
treatment of septic patients. Three common parameters used in
the routine of intensive treatment: white blood cell count, CRP,
and PCT were tested for their usefulness in NPT. PCT has been
described as the most accurate and specific parameter (19–23).
Our study confirmed PCT as the best predictive parameter.

The PCT values of both systems showed a significant linear
decline, a fairly clear vote for the use of NPT in septic abdomen.
However, the difference between the two systems was very clear
here: the PCT values of S-CNP were significantly lower overall
than with the VAC system (Table 6, Supplementary Table 2).
The interpretation of the possible importance is discussed later
in the overview.

The data for the other two inflammation parameters,
leukocytes and CRP, were of no use for a specific follow-up of the
course of the disease under NPT. No knowledge could be gained
by comparing the two systems.

TABLE 8 | Muscle facia closure rate, statistics.

n Days E1—closure

Mean, min/max

%

VAC 12 6.6, 2/15 70.6

p = 0.396

S-CNP 15 7.5, 2/25 88.2

Closure rate combined (VAC+S-CNP) was 79.4%.

Fluid management, a fundamental requirement of OAT (24),
can be described as uncomplicated in both systems and as
satisfactory from a patient care point of view. However, the
evacuated amount of fluids was significantly higher with S-CNP
than with VAC (Table 5B), practically to the same extent as was
observed in an in vitro study (10). Since the rapid evacuation
of infectious material is one of the basic requirements for
septic abdominal treatment (25, 26), this can be seen as a clear
advantage between the two systems.

To objectify and describe the condition of septic abdomen
treatment, it is necessary to translate visual perceptions into
comparable data. Even if the assessment was carried out by
2 surgeons on the basis of photos presented, the study could
not be blinded. This must surely be seen as a weak point in
the methodology. In this study, the “amended” score system
by Björck et al. (13) was used for classification. The better
clarification between “septic abdomen” and enteric leakage in
the amended version of the OA classification compared with the
original version (13, 27) on one side, there leaves still an area open
where an enteric opening to a fistula manifests. A solution for
this study was found by setting the definition of a fistula after two
unsuccessful attempts at closure.

Figure 3 shows the results after the OAC grading, illustrated
by a colored background. In the percentage representation
(Table 7) the proportion of descending OAC grades is lower
for the VAC group than in the S-CNP group; the difference is
statistically significant. The proportion of constant OAC grades
is higher in the VAC group than in the s-CNP group. The high
proportion of ascending OAC grades in the VAC group is mainly
due to the fact, that all 4 fistulas that occured were in the VAC
group (Table 4). Apart from this, together with the significantly
higher evacuated amounts of liquid and the observation of
significant lower PCT values, the careful conclusion can be drawn
that a reduced amount of negative pressure on the contaminated
surfaces, including the intestinal surfaces, can be of therapeutic
benefit compared to the shielding.

Even if all fistula formations are recorded in the VAC group,
the chance factor cannot be ruled out given the small number
of cases. An additional factor could also be 3 out of 4 overweight
patients in this group, with 1 patient having a BMI of 48 (Table 4).
Conversely, this study does not support the often anticipated fear
that negative pressure on the intestinal surface is the reason for
fistula formation (6). The total fistula rate of 11.7% is in the good
normal range for abdominal sepsis, 5–20% as learned from the
literature (3, 6, 7, 28).
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The total abdominal wall closure rate of almost 80% (Table 8)
is a very high value when measured against rates without the use
of an NPT system of 12–24% (29, 30). The average closure rate
with NPT systems was found about 70% (3–5, 7). The factors of
the consistent additional use of a dynamic fascia anti-retraction
system (12) and the work of a continuously competent team still
seem to have this potential for improvement. The comparison of
the closure rates of both systems of 70.6 (VAC) and 88.2 (S-CNP)
is not significant. In both patients in the S-CNP group, where
no primary closure could take place, the reason was the necrosis
of the rectus muscles due to the underlying abdominal trauma
and the abdominal wall could only be closed by bridging with the
help of mesh prosthesis. The speculative assumption of these two
patients as the primary closure would lead to an occlusion rate of
100% in this group. This should be considered especially under
the aspect that in this S-CNP group only a negative pressure of
maximum −80 mmHg was used. The negative pressure does not
seem to play a major role as an anti-retraction factor and there is
still potential for conventional strategies in this area.

The results of this study provide potential evidence that
NPT may be useful in OAT. Due to the low number of cases,
the data cannot expect any definitive statements. However, the
partly significant results indicate that the negative pressure in
the abdomen does not end when the wound of the abdominal
cavity is treated while the intestine is protected from noteworthy
negative pressure effects. The application of well-dosed,moderate
negative pressure on contaminated areas of the abdomen shows
a lot of potential and it is worth of further research.
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Background: The open abdomen (OA) is an important approach for managing

intra-abdominal catastrophes and continues to be the standard of care. Complete fascial

closure is an essential treatment objective and can be achieved by the use of different

dynamic closure techniques. Both surgical technique and—decisionmaking are essential

for optimal patient outcome in terms of fascial closure. The aim of this study was

to analyse patients’ outcome after the use of mesh-mediated fascial traction (MMFT)

associated with negative pressure wound therapy (NPWT) and identify important factors

that negatively influenced final fascial closure.

Methods: A single center ambispective analysis was performed including all patients

treated for an open abdomen in a tertiary referral center from 3/2011 till 2/2020. All

patients with a minimum survival >24 h after initiation of treatment were analyzed. The

data concerning patient management was collected and entered into the Open Abdomen

Route of the European Hernia Society (EHS). Patient basic characteristics considering

OA indication, primary fascial closure, as well as important features in surgical technique

including time after index procedure to start mesh mediated fascial traction, surgical

closure techniques and patients’ long-term outcomes were analyzed.

Results: Data were obtained from 152 patients who underwent open abdomen therapy

(OAT) in a single center study. Indications for OAT as per-protocol analysis were sepsis

(33.3%), abdominal compartment syndrome (31.6%), followed by peritonitis (24.2%),

abdominal trauma (8.3%) and burst abdomen (2.4%). Overall fascial closure rate was

80% as in the per-protocol analysis. When patients that started OA management with

MMFT and NPWT from the initial surgery a significantly better fascial closure rate was

achieved compared to patients that started 3 or more days later (p< 0.001). An incisional

hernia developed in 35.8% of patients alive with a median follow-up of 49 months (range

6–96 months).

Conclusion: Our main findings emphasize the importance of a standardized treatment

plan, initiated early on during management of the OA. The use of vacuum assisted
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closure in combination with MMFT showed high rates of fascial closure. Absence of initial

intraperitoneal NPWT as well as delayed start of MMFT were risk factors for non-fascial

closure. Initiation of OA with VACM should not be unnecessary delayed.

Keywords: open abdomen, dynamic closure, negative pressure therapy, fascial closure, abdominal compartment

syndrome, mesh mediated fascial traction

INTRODUCTION

Open abdomen (OA) is a well-known clinical entity. It leaves a
laparotomy incision without closure and is to be distinguished
from “burst abdomen”, which is an unintended fascial dehiscence
after primary closure of a laparotomy incision. Its objective
is to temporarily close the abdomen in a tension-free manner
and to allow second-look operations. This surgical strategy
is now used for managing different pathologies, e.g., intra-
abdominal hypertension, sepsis, trauma or staged abdominal
wall repair (1). Although this procedure is potentially life-
saving, it is also associated with a number of complications
and with a high mortality (2, 3). In order to reduce both the
complications associated with open abdomen and to improve
fascial closure rates, the preferred method of approach now
focusses on early closure of the abdomen, preferably within the
first 10–14 days (4). There have been several ways of temporary
abdominal wall closure (TAC) which help closing the fascia.
However, little is known about reasons for non-fascial closure
at the end of open abdomen treatment (1, 5). Early planning
and an upfront surgical strategy are key-elements. In relation
to the overall outcome of an open abdomen treatment, the
classification scheme reported and amended by Björk et al.
correlates with prognosis and is very helpful in determining both
fascial closure rate as well as overall morbidity and mortality
(6, 7). An important distinction should be made between the so-
called static and dynamic closing techniques. The combination of
negative-pressure wound therapy (NPWT) and mesh-mediated
fascial traction (MMFT) or NPWT and dynamic fascial sutures
(DFS) is associated with highest fascial closure rates (8–10). The
purpose is to establish edema reduction in combination with
fascial reapproximation (11–13).

Currently, vacuum assisted closure (VAC) in combination
with MMFT (VACM) represents the current gold standard with
fascial closure rates of up to 90% and is acknowledged to be
superior to other techniques lacking mechanical fascial traction
(14–17). Recently, the European Hernia Society (EHS) published
clinical guidelines on the management of the open abdomen and
clearly recommended dynamic closure techniques, with 75.9 vs.
33.9% fascial closure rate compared to the results of static closure
techniques (18). The aim of this analysis is to evaluate patient
outcome after VACM and to determine crucial factors for optimal
treatment, regarding both timing and surgical technique.

MATERIALS AND METHODS

Study Population and Study Design
From 3/2011 till 2/2020, all patients treated with intraperitoneal
NPWT at our tertiary referral hospital were both retrospectively

and prospectively entered into the Open Abdomen Route of
the European Registry of Abdominal Wall Hernias (EuraHS—
www.eurahs.eu) (19, 20). As the Open abdomen Route only
became available in 2015 all data that was already gathered before
was retrospectively entered in EuraHS. Approval of the Medical
Ethics Committee was obtained prior to this study.

All files of patients whom underwent VACM at our
hospital in this period were retrospectively analyzed. Patients
with NPWT without MMFT and patients with only use of
MMFT were excluded. Patients who died within 24 h after
initiation of open abdomen treatment were also excluded.
Variables on every patient and course of treatment were
registered including underlying conditions and comorbidities,
open abdomen management, clinical course, and clinical follow-
up assessments.

VACM Protocol
A standardized protocol was used in all cases as previously
described by Petersson et al. (21). At time of initial surgery
an intraperitoneal NPWT device was placed when no new
anastomosis, bile leak or active bleeding was present. This
abdominal dressing (ABTheraTM Open Abdomen Negative
Pressure Therapy System, KCI, San Antonio, TX) consists of an
elliptical shaped perforated polyurethane foam encapsulated in
a visceral protective layer, designed to be wrapped around the
viscera. It’s mandatory for the device to be placed deep in the
paracolic gutters and Douglas space, in order to evacuate as much
liquid as possible and to avoid formation of adhesions.

In other cases a plain plastic sheet was used as a visceral
protective layer. On top of the visceral protective layer a
heavyweight mesh is sewn in with a continuous non-resorbable
monofilament 2/0 suture at the fascial edges. Strong traction
on this mesh is then applied. The mesh is then covered by a
macroporous oval shaped foam dressing and protected by an
adhesive sheet with attachment of the suction pad and connected
to a canister. Suction was applied at−125mm Hg (Figure 1).

Outcome Variables
Our primary outcome was delayed primary fascial closure, i.e.,
the fascial edges completely sutured together with no remaining
fascial defect.

Patient Characteristics
The Open Abdomen Route covers many variables on every
patient and course of treatment and is divided into various
categories providing information on the patient, underlying
conditions and comorbidities, open abdomen management,
clinical course, and clinical follow-up assessments.
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FIGURE 1 | Technique of vacuum assisted mesh mediated fascial traction.

Sex, BodyMass Index (BMI), age at time of surgery, indication
for OA therapy, time between initial surgery and start of VACM,
duration of VACM, complications and patient mortality were
variables chosen for analysis based on their clinical relevance
in regard to open abdomen management. Classification of the
open abdomen was based on Björck’s classification published in
2009 (7).

Follow-up was performed by chart-review at the time of
analysis and in case patients were still alive a clinical examination
was performed to evaluate incisional hernia formation.

Statistical Analysis
A descriptive analysis was performed on the different targets
of the VACM protocol and patient-related factors. Statistical
analysis was performed using SPSS (version 25.0) software.
Normally distributed variables were presented as means ±

standard deviations. Non-normally distributed variables were
presented as medians and 95% confidence intervals (CIs).
Depending on the distribution and the level of measurement,
univariate analyses were performed using Fisher’s exact test, chi-
squared test or Mann-Whitney U test. The significance threshold
was set at p= 0.05.

RESULTS

Patient Characteristics of the Complete

Study Cohort
Between 08/03/2011 and 20/02/2020 152 patients underwent an
open abdomen treatment using VACM. Thirty-two patients were
excluded for final analysis of the primary endpoint because they
died before final closure of the abdomen or within 24 h after
closing the abdomen (9).

The mean age of the patients was 58 years. Sixty-eight percent
were male. The mean BMI was 26.0 at the initiation of open
abdomenmanagement. Overall hospital mortality was 21% (32 of
152 patients). Baseline characteristics and risk factors regarding
abdominal wall closure and wound healing are depicted in
Table 1.

Patients Completing the Open Abdomen

Treatment
Indications were noted as sepsis in 40 patients (33.3%),
abdominal compartment syndrome in 38 (31.6%), peritonitis in
29 (24.2%), trauma in 10 (8.3%), and burst abdomen in three
patients (2.5%).
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TABLE 1 | Patients characteristics.

Number of patients 152

Age (years) 57.53 ± 16.3

Gender (female/male) 82 (68.3%)/38 (31.7%)

Body mass index (BMI) 26.15 ± 5.9

Malignancy 18 (15%)

Diabetes 19 (15.8%)

Cardiopulmonary disease 32 (26.7%)

Immunosuppression 7 (5.8%)

Mannheim Peritonitis Index (MPI) 20 ± 6

Injury Severity Score (ISS) 23 ± 20

In-hospital mortality 32/152 (21.1%)

Type of per protocol incision

(midline/transverse/combined, n = 120)

99 (82.5%)/16 (13.3%)/5 (4.1%)

Björck’s classification at the initiation of

OAT

Grade 1A–clean OA (65.8%)

Grade 1B–contaminated OA (34.2%)

Grade 2A–clean OA developing

adherence (0%)

Grade 2B–contaminated OA

developing adherence (0%)

Grade 3–OA complicated by fistula (0%)

Grade 4–frozen OA (0%)

Björck’s classification at the completion

of OAT

Grade 1A–clean OA (83.7%)

Grade 1B–contaminated OA (16.3%)

Grade 2A–clean OA with adherence

(0%)

Grade 2B–contaminated OA with

adherence (0%)

Grade 3–fistula (0%)

Grade 4–frozen abdomen (0%)

In the per-protocol analysis a midline incision was used in 99
patients (82.5%). In 16 patients there was a transverse incision
(13.3%) and in 5 a combined incision (4.1%) was used.

The average duration of the OAT was 13 days (range 1–93
days). The abdomen of 11 patients (9%) was closed within the
next operation. Most patients (24%) needed 1 change of the
temporary closure. It was evenly distributed for 2, 3, 4, and
5–10 changes of the closure, namely 15%. Only four patients
neededmore than 11 operations to close the abdomen (Figure 2).
Considering the different indications for OA therapy trauma
patients had the shortest mean closure time (2.6 days), 7.2 days
for burst abdomen, 12.4 days for peritonitis patients, and 15.1
days for the patients with sepsis.

The overall fascial closure rate in the per-protocol
analysis after VACM in our study population, being our
primary endpoint, was 80% (96 of 120 patients), which
excluded patients who had died during OA treatment. In
the intention-to-treat analysis (including patients that died
during treatment) the fascial closure rate was 63.2% (96
of 152 patients). An anatomical closure (fascial closure +

subcutaneous and skin closure) was immediately performed
in 90 patients (75%). In 6 (5%) the fascia was sutured, but
the superficial layers were closed using NPWT. Only one

patient needed a bilateral component separation to close the
anterior fascia.

The group of patients that needed a short period of OA
management and only 1-2 NPWT changes reached fascial
closure in 80% of cases, while the groups that needed 7–
21 days of OA management did show a closure rate of 78%
(Table 2).

Considering the classification of OA according to Björk, most
patients in our series had a Grade 1A or 1B. We did not observe
any patients with frozen abdomen as all patients had their initial
surgery as well as the decision for OA treatment in our hospital.
During every change of the NPWT, both the abdomen and the
viscera are flushed and gently mobilized, especially at the level of
the abdominal wall. As this happens 2× a week, frozen abdomen
is not an issue. If final fascial closure is not feasible, at the
last change and closure of the abdomen, we replaced the non-
absorbable mesh by a absorbable mesh and skin closure. This did
not cause any fistulae.

Analysis of Non-fascial Closure
When analyzing the determining factors for non-closure of the
fascia, 19 out of 24 patients that could not be closed, started
their initial VACM 3 or more days after the index procedure
with leaving the abdomen open (79.2%). Reasons for not starting
VACM at initial surgery were risk for postoperative bleeding
(n = 14), fear for anastomotic leakage n = 4 and risk for
biliary fistula (n = 1). In those cases a type of Bogota bag
was installed without NPWT nor mesh placement. Only four
out of 24 got their fascia edges closed despite starting late
(20.8%). Out of the patients that were not closable after OA
management, there was a significant difference between patients
started their VACM immediately at the time of initial surgery
(5/96, 5.2%) vs. patients with a late start of their VACM (19/24,
79.2%; p < 0001). Mortality 12 months after closure was 4.2%
(1/24 patients) vs. 3.1% (3/96 patients; p = 1.0). Median length
of hospital stay of the analyzed 120 patients was 54 days
(range: 4–275 days).

Development of Incisional Hernia During

Follow Up
Considering the follow-up of this specific cohort of patients,
an incisional hernia developed in 35.8% of patients considering
the per-protocol analysis; all patients in which fascial closure
could not be achieved (n = 24) developed an incisional hernia,
of which only seven had a mesh repair. The other 17 did not
want their hernia defect repaired (70.8%). Out of the 90 patients
with fascial closure, 19 developed an incisional hernia as well
(21.1%), and 15 had an abdominal wall repair with retromuscular
mesh (78.9%). The median follow-up period of 49 months
(range 6–96 months).

DISCUSSION

The present study analyzed a large patient cohort with OA for
several indications. When treating this type of patients with
necessity for an open abdomen management, time strategy
is of utmost importance, as closure of the abdominal wall,
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FIGURE 2 | Number of VAC changes classified according to EuraHS.

TABLE 2 | Treatment characteristics.

Number of

patients

% p-value

Complete fascial closure

(per-protocol analysis)

96/120 80

Complete fascial closure

(intention-to-treat analysis)

96/152 63.2

Fascial closure rates according to

OA indication

0.01

Trauma 9/10 90.0

Peritonitis 24/29 82.8

Abdominal compartment syndrome 31/38 81.6

Burst abdomen 1/3 33.3

Sepsis 31/40 77.5

Duration of OAT Fascial closure (%) 0.62

<7 days (1–2 reoperations) 50 80

7–21 days (3–6 reoperations) 47 78

>21 days (7 or more reoperations) 23 78

i.e., fascial closure, should be aimed within 10–14 days.
Initial therapy during the first 24–48 h should not only be
focused on adequate edema- and excessive fluid removal as
well as on hemodynamic stabilization. Surgeons should be
thinking about how to handle the abdominal wall, to evaluate
its compliance and finally how to obtain fascial closure. It
is well-know that a non-closed abdominal cavity poses an
increased risk for complications, not in the least entero-
atmospheric fistulae. Closure is mandatory at the earliest
possibility (22).

The EHS clinical expertise guidelines strongly recommended
the use of dynamic closure techniques over other (static)
techniques to achieve best fascial closure rates and low morbidity
and mortality (18).

Our main findings in this analysis emphasize the importance
of a structured treatment plan, initiated early on during
management of the OA since the use of VACM showed high
rates of fascial closure. The absence of initial intra-abdominal
NPWT as well as a delayed start of MMFT, or the combination
of both, were associated with a high risk of non-fascial closure.
Cirocchi et al. also found better outcomes with NPWT when
compared to techniques without NPWT (1). The difference in
fascial closure rates was not significant and emphasizes the fact
that NPWT alone may not be able to sufficiently prevent fascial
lateralization during OA treatment (23). In some reports we see
fascial closure rates drop to 60% or even to 30% in postponed
NPWT/MMFT (24, 25). A recent review specifically focused on
dynamic closure techniques only. The combination of NPWT
and progressive fascial traction to the midline gives an overall
closure rate between 72 and 93% (26). Main reasons for not to
immediately initiate VACM in our study were bleeding/oozing
at first laparotomy, bile leakage after severe liver trauma or
a concomitant bowel anastomosis during the initial surgery.
Traction was also not always applied from the start of OA
as for some patients quick closure was initially expected. As
these patients had significantly less fascial closure achieved
than patients with immediate start of MMFT and NPWT, a
clear message would be to better use a mesh too many than
diminishing the chances for complete fascial closure. Surgeon’s
experience does not play an important role in this decision
making, as both the initial surgery and the decision for OA
management were always performed by a senior surgeon, familiar
with the mesh mediated fascial traction technique.

Another point of attention using the MMFT technique is the
use of a permanent heavy weight, small pore mesh for traction.
We believe this is essential in these indications in which heavy
traction should be applied on the fascial edges. Large pore meshes
are not suitable for this purpose as they are too elastic and will be
torn during the process.
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The distribution of our patient population and the indications
for OA management reflect those commonly found in the
literature: the most frequently reported indications for OA
were peritonitis or sepsis, followed by ACS, and trauma. The
differences in mortality rates most likely reflect differences in
patient population and only to a lesser extent imply a direct
effect of the applied dynamic closure technique. In our study, in-
hospital mortality of 21% was in line with the literature for OA,
which varies between 10 and 45% (16, 27, 28).

There was a difference in fascial closure rates between the
various indications for OA treatment in our series and the highest
rates were observed for trauma patients (90%), which can be
explained by a combination of the need for a short treatment
period and less systemically ill patients, as shown by Montori
et al. (29). In case fascial closure might take longer, there has
been published sparse data on the use of Botulinum Toxin
A (BTA) in OA management by Zielinski and colleagues in
18 patients (30). This toxin functions by blocking the release
of acetylcholine and pain modulators (calcitonin gene–related
peptide and substance P) from the pre-synaptic cholinergic nerve
terminal, resulting in flaccid paralysis and pain modulation.
If this paralysis may diminish lower midline abdominal wall
tension, the rate of primary fascial closure might increase.
However, at the time of life-saving surgical procedures or trauma,
it is neither indicated nor possible to obtain informed consent
from patients. Alternatively, the procedure for injection of BTA
can be performed during a return trip to the OR. The clinical
effect of this paralysis can be demonstrated as early as day 3
after intramuscular injection with maximum effect reached at 2
weeks (31). In the series of Zielinski et al. the primary fascial
closure rate was 83% with a partial fascial closure rate of 6%
and a planned ventral hernia rate of 11%, but no comparative
analysis was performed with patients without BTA injections.
There were no complications related to BTX (29). Surprisingly,
no other reports have been published using this approach since.

Despite all efforts to finally obtain full fascial closure in OA
patients, the longterm follow-up of these patients in terms of
incisional hernia rate is scarce, and rather worrisome (21, 32, 33).
The incidence of incisional hernias ranged from 21% at 21
months to 54% after 5 years of follow-up. The repair rate in these
series differed and was 33 and 42%, respectively. In our series the
incisional hernia rate was, as can be expected, 100% for patients
in which fascial closure could not be obtained, but it is rather
remarkable that only seven out of these 24 patients requested a
hernia repair (29.2%).

Bjarnason and co-workers reported their 1-year follow-up
after MMFT in combination with NPWT and described 66%
of incisional hernias in these patients using CT evaluation (34).
Despite the fact that more patients can be closed after OAT
using fascial traction in combination with NPWT, the focus for
these patients should now more and more be on how to prevent
incisional hernias developing after final fascial closure in this
severely ill patient population. Petersson et al. recently published
a small series in which an onlay mesh was applied early during
treatment by suturing to the fascia in two rows with a 3- to 4-cm

overlap from the midline incision, used for traction and kept for
reinforced permanent closure. A total of 11 patients were treated
with a fascial closure rate of 100% and a 30 days mortality of 0%.
Only two out of nine patients developed a hernia. Neither of the
hernias were symptomatic nor clinically detectable. Therefore,
this reinforced fascial closure might help toward a decreased
long-term incisional hernia rate (35).

Our study has several limitations: in the absence of sufficiently
large numbers of patients, a multivariate analysis has not been
performed to assess the effects of different factors on fascial
closure rates. Secondly, despite the fact that it is an ambispective
dataset, this single center analysis involves OA patients with
different etiologies. This leads to a heterogeneous mixture of
parameters and without multivariate analysis the influence on
fascial closure rate is difficult to estimate.

In conclusion, the analysis of this large cohort of open
abdomen patients confirmed that VACM is an effective and safe
technique and achieves good results regarding delayed fascial
closure. It is important to realize that several factors are key
in achieving best outcomes and are related to early surgical
decision making: 1. Fast start of intra-abdominal NPWT and 2.
implementing fascial traction as soon as possible.

As comparative data considering the different techniques of
dynamic closure are still lacking, NPWT should be used in
combination with dynamic closure techniques and devices to
obtain better insight in how to best treat these cohorts of patients
in the future.
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Since the introduction of negative pressure therapy of the abdomen, care has been taken

to protect the intestine from the effects of negative pressure in order to avoid impairments

of abdominal organs. As an alternative to the widespread AB-TheraR system (KCI, San

Antonio, Texas, USA), the different concept of Suprasorb CNPR (Lohmann & Rauscher,

Austria-Germany) was introduced by the producer with the premise of achieving a better

therapeutic effect. Due to numerous pores of the film, the effects of the negative pressure

are brought to the surface of the intestinal organs and these effects were tested on seven

experimental animals. Particular attention was paid to the small intestine, colon, liver,

and pancreas. Over 8 h continuously, three animals were tested with −80 mmHg, 4 with

−60 mmHg. The results showed no macroscopic pathological changes. The histological

results showed borderline changes in the small intestine and colon with −80 mmHg

application, minimal or none with −60 mmHg. The liver and pancreas were found free of

pathological changes. For use on human organs, the intra-abdominal application of−60

mmHg for the Suprasorb CNP system is proposed as the standard.

Keywords: negative pressure, open abdominal therapy, Suprasorb CNPR, porcine model, fistula

INTRODUCTION

The use of negative pressure (NP) dressings for open abdominal therapy has undoubtedly advanced
the treatment of secondary peritonitis and abdominal compartment syndrome (1–4). Concerns
were expressed since the introduction of NP-driven intra-abdominal dressings; these treatments
could be the inherent source of intestinal impairments (5–8).

AB-Thera-V.A.C.R (KCI, San Antonio, USA) is a widely used commercial system. The system
uses a double-layer foil with polyurethane foam welded between. Both foils are perforated with
slits to transport the fluids out of the abdomen and protect the intestine simultaneously with the
nonadhesive foil on the surface. A further protective effect was thought with the fact that very low
NP (−2 to−10 mmHG) of the applied−50 to−150 mmHg affects the intestine surface (9, 10). An
alternative abdominal NP system was presented with the Suprasorb-CNPR system (Lohmann &
Rauscher, Austria-Germany). In contrast, this system uses a multiple-perforated double-layer foil
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(Figure 1) in direct contact with the intestinal organs with the
intent to clean out the contaminated intestinal surface from both
fluids and inflammatory material, as anticipated by the producer.

FIGURE 1 | Suprasorb CNP film.

FIGURE 2 | Production of the suction pads.

This large animal study was designed to elucidate the effect of
full NP application on different intestinal organ structures using
the Suprasorb-CNPR system.
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MATERIALS AND METHODS

By Approval of the Austrian Ministry, according to the animal

testing law (BGBI.Nr.501/1988 i.d.g.F.), seven domestic pigs
(30–35 kg) were operated under general anesthesia. The general
anesthesia was performed by an experienced specialist in

animal anesthesia and the help of two animal keepers, for
all animals for the entire duration. The abdominal cavity was
opened with median laparotomy. Surgical procedures such as
cholecystectomy, a small bowel stapler side–side anastomosis,
a longitudinal colon diathermy incision, closed with a single-
stitch suture line, and exploration of the pancreas surface were

FIGURE 3 | The Suprasorb-CNP film easily detached from the abdominal wall.
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done. These four sites were then covered each with a suction pad.
These pads were handcrafted (Figure 2), and a Jackson drainR

in the center was wrapped with KerlixR gauze and covered with
the Suprasorb CNPR film, closed around with a running suture.
After suture fixation of the intestine pads and positioning of the
liver and pancreas pad, the whole intestine convolute was covered
with the foil. Each Jackson drainR was led separately out of the
abdomen, connected with the suction unit. A continuous NP was
applied for 8 h, four experiments with −60 mmHg, three with
−80 mmHg. This NP, well below the values of other systems,
was chosen on the assumption that the full amount of NP will
affect the intestine surface. After 8 h of suction, the abdomen
was reopened, the surface areas were inspected, and the treated
organ parts were removed for histological investigation. The
histological specimens were examined both on the foil-bearing
sections and on the adjacent foil-free sections. These were seen as
a control group without foil therapy, with NP application only.

Primary Endpoint
Damage to the intestine: histological findings, microcirculatory
impairments, necrosis signs, damage of liver and pancreas tissue,

triggering of pancreatitis. Histological findings for foil-bearing
and foil-free sections.

Secondary Endpoints
Degree of attachment of the foil, macroscopic findings: traces
at all the surfaces, fistula formation of the areas of anastomosis,
foil-covered and free areas, bowel surface, gall fistula formation.
Suction delivery rates.

RESULTS

All test animals could be kept in a stable circulatory state during
the entire anesthesia period; hyperthermia episodes were not
observed. After 8 h of treatment and reopening of the abdominal
cavity, the covering film was removed.

Secondary Endpoints (Macroscopic
Appearance)
The film was easy to remove without any visible impairment on
all animals whether treated on −80 or −60 mmHg (Figure 3).
There was no fluid accumulation found in any animal, no visible

FIGURE 4 | Colon defect closed with single sutures after 8 hours of NP application.
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TABLE 1 | Histological findings for small bowel, colon, liver, and pancreas of animals 1–7, indicating corresponding negative pressure.

Animal

number

Negative

pressure

Small bowel Colon Liver Pancreas

1 −80

mmHg

Extension of: serosa, subserosa, Lamina muscularis propria Extension of: Serosa, subserosa Extension of: Serosa,

Granulocytic infiltration

Extension of: Serosa

2 −80

mmHg

Extension of: Serosa, subserosa

Partially: Lam.muscul.propr.

Sparse lymphocutic infiltr

Extension of: Serosa, Subserosa,

Lam. muscul. propria

Gallbladder bed:

necrosis,

Subcapsulary edema

Extension of: Serosa

3 −80

mmHg

Extension of: Serosa, Subserosa, Lam.muscularis propria

Blood vessels (no structural damage)

Extension of: Serosa, subserosa,

Lam. muscul. propria

Gallbladder bed:

necrosis, Granulocytic

infiltration

Extension of: Serosa

4 −60

mmHg

Extension of: Serosa

Partially subserosa

Sparse superficial parts of the Lam.muscularis propria

Extension of: Serosa Sparse granulocytic

infiltration

Sparse granulocytic

infiltration

5 −60

mmHg

Extension of: Serosa, subserosa

Very sparse parts of the Lam.muscularis propria

Extension of: Serosa, subserosa Sparse granulocytic

infiltration

Sparse granulocytic

infiltration

6 −60

mmHg

Extension of: Serosa, subserosa

Partially Lam.muscularis propria

Extension of: Serosa, subserosa

Partially Lam.muscularis propria

Subcapsulary edema

of the gallbladder bed

Serosa extensions

7 −60

mmHg

Extension of: Serosa, subserosa

Minimal parts of Lam.muscularis propria

Extension of: Serosa, subserosa

Isolated superficial parts of

Lam.muscularis propria

Gallbladder bed:

Subcapsulary edema

Serosa extensions

FIGURE 5 | Animal 1, −80 mmHg. (A) Small intestine resection. Section after removal of the patch with a paving stone-shaped pattern (delimited by arrows).

Non-patch area with smooth surface marked by bars. (B) Small intestine wall from the “patch” section near the anastomosis. Superficially with extensions (arrow)

consisting of serosa, subserosa, and L. muscularis propria. This is with a paving stone-shaped surface (arrow). Underlying layers without pathological changes.

Section marked with a bar from the non-patch area with a smooth surface (bar, corresponding to the bar in the macro illustration opposite).

sign of damage or traces of discolored fluids, and no signs of
fistula formation on the whole bowel surfaces. The mean amount
of fluids collected was 507ml (500–800), and all fluids were clear.

The pads were cut out with the attached parts of the intestine.
The anastomotic area of the small intestine and the colon showed
no sign of damage or leakage, and no fistula formation. The
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FIGURE 6 | Animal 3, −80 mmHg. (A) Histology small intestine from the patch area. Extensions with serosa, subserosa, and lamina muscularis propria. Extended

vessels in the lamina muscularis propria with intact structure (no rupture). (B) Histology from the non-patch area. Smooth surface.

FIGURE 7 | Animal 1, −80 mmHg. (A) Colon resection. Section after removing the patch with a paving stone-shaped pattern (arrows). Non-patch area with a smooth

surface (yellow bar). (B) Colon wall from the “Patch” section. Superficially with extension consisting of serosa and subserosa. Underlying wall layers without

pathological changes.
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FIGURE 8 | Animal 3, −80 mmHg Colon histology. (A) Without patch, smooth surface. (B) Spikes with serosa, subserosa, and hardly any lamina muscularis propria.

surface of the translucent serosa layer with the negative imprints
of the film was seen with the aspect of a healing wound with
macroscopic well-perfused tissue (Figure 4). In the same way, the
bed of the gallbladder and untreated parts of the liver around
were cut out, and the contact parts and free parts around of
the pancreas were excised. All liver and pancreas surface areas
showed no sign of pathology, the bed of the removed gallbladder
was inconspicuous, and especially no sign of gall fistula formation
was seen. All surfaces on which the film was applied showed
the same pattern of protrusion as the pores of the film. These
were typically missing in places that were not in contact with
the film.

Primary Endpoints (Histology)
The macroscopic described protrusion as found in all areas
covered by the porous film was found in the same way
in the histological cross sections and was made exclusively
by serosa. Sparse granulocytic infiltration was seen in some
areas. No signs of bleeding, no signs of thrombosis, or no
other pathology was found in these areas. As a control,
the uncovered surfaces showed no extensions and no other
pathological changes.

The histological findings of the intestine, liver, and pancreas
are described in Table 1. The investigated areas of anastomosis
with pad and parts of them on the untreated surface did not
give a different histological appearance (Figure 5). The difference
between −80 and −60 mmHg was found on the examined
small and large intestine wall. Whereas, extensions of the serosa

and subserosa was found on all areas in contact with the film,
extensions of the lamina muscularis propria was seen in nearly all
histological specimens of intestine on animals treated with −80
mmHg. Especially on animal 3, extensions of blood vessels were
also seen in the laminamuscularis propria plane of small intestine
but were not accompanied by pathology such as thrombosis and
rupture (Figure 6). In particular, the large intestine had less effect
on the lamina muscularis propria than the small intestine with
the −80-mmHg treatment, and no effect on the deeper wall
layer similarly with small intestine with the −60-mm treatment
(Figures 7–9). On animals 4–7, treated with −60 mmHg, the
extensions of the laminamuscularis propria were found as spares,
superficial, minimal, or none, on the histological sections of
the intestine (Table 1, Figure 10). On all figures, parts without
extensions represent areas without foil covering and are seen
as a control. These areas showed an intact serosa form and
no histological changes to the wall layers of the small intestine
and large intestine. Histological findings on liver sections were
typical for findings after removal of the gallbladder: edema,
necrosis, and granulocytic infiltration (Figure 11). Around the
resection bed and on the surface in contact with suction pads,
the findings were such as sparse lymphocytic infiltration and
extension of the serosa capsule, but unchanged liver tissue
(Figure 12). The portions of the liver without a film covering
showed no pathological changes whatsoever on the liver surface
or on the underlying parenchyma. Similar findings were found
on the pancreas surface: extensions of the serosa capsule on
the film contact side and unchanged pancreas tissue on all
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FIGURE 9 | Animal 5, −60 mmHg. Colon histology. Transition patch and non-patch area. In the patch area (arrows) extensions of the serosa and subserosa. Lamina

muscularis propria would not be pulled along.

sections (Figure 13). In particular, no sign of the onset of
pancreatitis was found. The parts not covered with the film
showed no capsular expansion and no pathological changes in
the pancreatic parenchyma.

DISCUSSION

For this experiment, a compromise had to be found between
ethical feasibility, costs, and meaningfulness. It is believed that
this was found in a full day’s experiment with small domestic pigs
under general anesthesia over the entire term. Open-abdomen
NP therapy has a minimal duration of 24–48 h, and treatments
can last up to several weeks. The results of this 8-h study must
be seen as approximations of a much more sensitive but very
comparable system (11) in relation to human tissue. The small
intestine, for example, has an empty diameter of ∼1 cm and the
wall diameter half of a human small intestine (12). In addition,
the direct pad-to-intestine contact was reinforced by the direct
cable routing to the suction pump, in contrast to the distribution
effect when the film was placed on the intestine over a large
area. Thus, in our opinion, the application of −60 and −80
mmHg also has a much stronger impact after a shorter period

of time and allows conclusions to be drawn about the expected

effects of longer applications on human tissue. Studying the
development of a fistula formation of the intestine, first signs
as microcirculatory disturbance and signs of necrosis are to be
expected (8). As a discreet sign of an incipient microcirculation
disorder, we already assessed the pulling out of a vessel with
the lamina propria, only seen in test animal 3, but also the
clear pulling out of only the lamina propria muscularis, even
if this remained without any sign of a functional disorder such
as thrombosis or necrobiosis. As these significant changes only
occur at −80 mmHg, this was set as the maximum end point
for the strength of the suction for further therapeutic use in
humans. At −60 mmHg, the described effects were limited
mainly on the serosa and subserosa in the form of extracts in
the pore pattern of the film, so this was set as the standard
pressure for the therapeutic use of the film. We see these results
in certain contradiction to the observations of the Lindstedt
group: significant reduction in microcirculation of the small
bowel loops and omentum with application of NP from −50 to
−170 mmHg. A reduction of this effect could be achieved by
placing a protection plate. A dependency of the interference effect
on the microcirculation was found depending on the distance of
the pressure buildup system (8, 13). We also see a discrepancy
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FIGURE 10 | Animal 7, −60 mmHg. Histology small intestine. Patch to non-patch transition area. In the patch area, lobe-shaped extensions are mainly the serosa

and subserosa affect. The lamina muscularis propria is only minimally involved. Smooth non-patch area surface.

of these microcirculatory findings with the results of Bjarnason
et al. (9); only minimal residual NP was observed below the
AB-TheraR system of applied NP from −50 to −150 mmHg.
The main differences to our experiment were the film used
(Suprasorb CNPR vs. AB-Thera/V.A.CR) and the observation
window (histology vs. blood flow determination vs. pressure
measurement). The authors of the study (8), Hlebowicz et al.,
estimated the occasional association of the observed decrease
of blood flow with ischemia, promoting the development of
intestinal fistulae. Two models are considered as hypotheses:
the effect of NP per se, which decreases with the distance of
the tissue from the application and is more pronounced in soft
tissue than in the firm one. On the other hand, based on the
effects of the NP application in proximity to the heart muscle,
a model of herniation in the direction of the NP application is
considered. In our model, the suction application was applied
directly to the intestinal loop, and the suction pump was also
connected to a direct line. This means on the one hand a very
intensive contact directly with the intestinal surface, on the other
hand a relatively stable system that hardly leaves any freedom
of movement, even if the highest suction power was less than
half that of the experiment by Hlebowicz et al. (8). From this
point of view, we would tend to the herniation model and

assume that the measured perfusion reductions were caused
by an incarceration effect or by kinking of vessels. Because,
if a perfusion disorder were caused by contact alone, damage
would have to be visible histologically in our model after 8 h
and also with −60 mmHg. The effect of a protective disc
presented in the publication by Lindstedt et al. (14) could confirm
this assumption, since it may act as a support for the bowel
loop. In any case, it would be interesting to examine our two
models together.

The application of the suction pads to the gallbladder bed
of the liver after cholecystectomy had no effects on the liver
tissue apart from the known serosa extractions, i.e., it showed no
differences under the two selected suction settings in comparison
to the free liver surface. The same result was also seen in the
pancreatic tissue. To our astonishment, this tissue, which is
otherwise sensitive to manipulation, showed no effects on the
parenchyma itself, with the exception of the serosa extensions
mentioned several times. These observations in comparison with
the abovementioned perfusion model would in turn underline
the hernia model, since both organs and especially the pancreatic
tissue would have to show effects of direct negative pressure on
the perfusion in the histomorphology. The truth could be in
between. With our model, we come to a significant reduction in
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FIGURE 11 | Animal 3, −80 mmHg. Histology from the liver bed: capsular and subcapsular inflammatory infiltrate with necrosis (marked by arrows). Intact liver

parenchyma (bars).

FIGURE 12 | Animal 1, −80 mmHg. (A) Partial liver resection. Arrows mark areas with a paving stone surface, corresponding to the patched area. (B) Liver cut from

the “patch” section. Superficially with a lobular shape (arrow) consisting of capsule and underlying, not pathologically altered liver cells.

the suggested suction strength of −60 mmHg to the widespread
use of −120 mmHg, but with a completely different structure of
the film used. Possibly a direct influence on perfusion, especially

in the intestinal wall, begins even with stronger suction values of
−80 mmHg and more. Lindstedt et al. (14) describe only a slight
protective effect of the protective disc at −120 mmHg compared
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FIGURE 13 | Animal 1, −80 mmHg. (A) Partial pancreatic resection. Arrows rewrite the section after patch removal with paving stone pattern. Non-patch area

marked by bars and with a smooth surface. (B) Pancreas from “Patch” section. Superficial tip-shaped extension of the serosa coating (arrow). All underlying wall

layers are regular without pathological changes. No inflammatory infiltrates.

to a clear effect at−50 mmHg: large protective effect through the
stabilization of the disc with little pressure, little effect against the
strong NP per se.

As conclusions from our results, the application of −60
mmHg is given a guide value for the use of the Suprasorb-CNP
system in the abdomen. In any case, the value of −80 mmHg
should never be exceeded, if intestinal tissue comes into contact
with the foil tested in this study.

The following clinical studies will have to show whether this
system can represent an extension of the spectrum of NP therapy.
Many areas of septic abdomen treatment, deep abscess treatment
in the abdomen, necrotizing pancreatitis, anastomotic treatment
in infectious environment, and also fistula treatment leave a lot
to be desired. We hope to be able to provide an impetus through
this study.
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Background: Open abdomen treatment (OAT) is widely accepted to manage severe

abdominal conditions such as peritonitis and abdominal compartment syndrome but

can be associated with high morbidity and mortality. The main risks in OAT are (1)

entero-atmospheric fistula (EAF), (2) failure of primary fascial closure, and (3) incisional

hernias. In this study, we assessed the long-term functional outcome after OAT to

understand which factors impacted most on quality of life (QoL)/daily living activities and

the natural course after OAT.

Materials andMethods: After a retrospective analysis of 165 consecutive OAT patients

over a period of 10 years (2002–2012) with over 65 clinical parameters that had been

performed at our center (1), we initiated a prospective structured follow-up approach. All

survivors were invited for a clinical follow-up. Forty complete datasets including clinical

and social follow-up with SF-36 scores were available for full analysis.

Results: The patients were dominantly male (75%) with a median age of 52 years.

Primary fascial closure (PC) was achieved in 9/40 (23%), while in 77% a planned ventral

hernia (PVH) approach was followed. A total of 3/4 of the PVH patients underwent a

secondary-stage abdominal wall reconstruction (SSR), but 2/3 of these reconstructed

patients developed recurrent hernias. Fifty-five percent of the patients with PC developed

an incisional hernia, while 20% of all patients developed significant scarring (Vancouver

Scar Score >8). Scar pain was described by 15% of the patients as “moderate” [Visual

Analog Scale (VAS) 4–6] and by 10% as “severe” (VAS > 7). While hernia presence, PC

or PVH, and scarring showed no impact on QoL, male sex and especially EAF formation

significantly reduced QoL.

Discussion: Despite many advantages, OAT was associated with relevant mortality

and morbidity, especially in the early era before the implementation of a structured

concept at our center. Follow-up revealed that hernia incidence after OAT and

secondary reconstruction were high and that 25% of patients qualifying for a secondary
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reconstruction either did not want surgery or were unfit. Sex and EAF formation impacted

significantly on QoL, which was lower than in the general population.With regard to hernia

incidence, new strategies such as prophylactic mesh implantation upon fascial closure

should be discussed analogous to other major abdominal procedures.

Keywords: open abdomen treatment, abdominal compartment syndrome, long term outcome, planned ventral

hernia, peritonitis, SCAR, enteroatmospheric fistula

INTRODUCTION

In the recent years, open abdomen treatment (OAT) has become
a widely accepted treatment strategy for severe abdominal
conditions such as peritonitis and abdominal compartment
syndrome (1). However, OAT can be associated with inherent
high morbidity and mortality (2). Atema et al. reported in
a recent review of OAT in non-trauma patients an overall
mortality rate of 30% (3). The main procedure-inherent risks
in patients undergoing OAT are (1) the development of an
entero-atmospheric fistula (EAF), (2) failure of primary fascial
closure (PC) resulting in a planned ventral hernia (PVH), and
(3) high rates of incisional hernias after PC. Recent studies have
demonstrated that a structured approach including (a) the use
of a visceral protection layer, (b) mesh-mediated fascial traction,
and (c) negative pressure wound treatment reduces the above-
mentioned complications significantly (4).

The rate of incisional hernia development after primary fascial
closure in OAT may be higher than in usual laparotomy which
has an incidence of 5–20% in the general patient population
(5). In OAT, incisional hernia incidence after PC was reported
to be as high as 35–65% (6). Incisional hernia rates of this
proportion are also known for other high-risk situations such as
abdominal aortic aneurysm repair or obese patients (7). While
in the early era of OAT a planned ventral hernia was often
accepted as unavoidable, recent evidence shows that achieving PC
as soon as possible is associated with reduced complications (2).
For example, The World Society of Emergency Surgery suggests
early fascial closure as the key strategy for the management of
open abdomen with a grade 1B recommendation (8). The recent
literature also suggests that early closure should be achieved
within 10 days (4, 9). Thus, while hospital discharge with
PVH after OAT becomes less frequent, the incidence of an
incisional hernia after open abdomen treatment is high (6). The
presence of an incisional hernia is associated with a higher rate
of readmissions and subsequent operations (10). Furthermore,
patients with incisional hernias experience a lower health-related
quality of life (QoL) on physical components and a worse body
image (11). It is unclear what can be done to prevent incisional
hernias after OAT, and this aspect will receive more attention as
high rates of delayed primary closure in OAT become more and
more feasible.

As mentioned above, the second major problem after OAT
is presented by the formation of entero-atmospheric fistulas

Abbreviations: OAT, open abdomen treatment; QoL, quality of life; EAF, entero-

atmospheric fistula; PC, primary fascial closure; PVH, planned ventral hernia; VSS,

Vancouver Scar Score.

(incidence of 7 to 19%), which is associated with high morbidity
and mortality (2, 12). A prospective analysis of the International
Register of Open Abdomen from Coccolini et al. has shown that
EAF formation is—among other factors—potentially influenced
by the duration of OAT, the patients’ characteristics (such as
malignancy or inflammatory bowel disease), and the timing
of restarting enteral nutrition. Despite the caution regarding
an untoward effect of negative pressure on hollow viscera,
Coccolini et al. showed no existing link between negative pressure
treatment and EAF development (12). A study by our working
group showed that the combined use of a visceral protection layer
and negative pressure wound treatment effectively reduced the
formation of EAF formation in OAT patients with peritonitis (4).

Historically, the traditional method to close the OAT-induced
fascial defect was to neglect midline closure, let a ventral
hernia develop, and then repair this hernia in a secondary-
stage abdominal wall reconstruction 6 to 12 months later
(PVH approach). This technique was often combined with
a temporary abdominal closure using an absorbable or non-
absorbable mesh and negative pressure wound therapy. Hereby
the laparotomy is allowed to granulate, followed in some cases
by split-thickness skin grafting (13, 14). Logically, this results
in excessive scarring. Multiple studies in burn damage survivors
have shown that abnormal scarring can be associated with
reduced QoL (15). For OAT, however, compiled data on esthetic
and functional outcomes including scarring by using an objective
score (Vancouver Scar Scale, VSS) were not available.

In this study, we assessed the long term clinical, functional and
QoL outcome inOAT patients of the early era at our institution to
understand which factors (PVH vs. PC, EAF formation, scarring,
recurrent incisional hernia) impacted most on QoL and the
natural course after OAT.

METHODS

The primary study was conceived in 2012, after consultation
with the local ethics committee. As a first step, data were
systematically gathered from all medical records of 174 patients
that underwent OAT in our hospital (University Hospital of
Bonn) over a period of 10 years (2002–2012) for different
indications (Supplementary Figure 1). After quality control,
165 patient records were available for full analysis, and more
than 65 clinical variables were extracted from the records.
The overall results of the retrospective analysis are published
elsewhere (16). Over time, the patients had been treated with
different approaches for OAT according to era. The earliest
cohort of the patients was often treated using a PVH approach
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using an absorbable polyglactin (Vicryl) mesh as a temporary
abdominal closure, with a planned secondary-stage abdominal
wall reconstruction at the earliest after 6 months. The most
recent cohort of patients was treated using a standardized
algorithm (“Koblenz algorithm”) that uses a combination of
mesh-mediated fascial traction, visceral protection, and vacuum-
assisted wound closure (17). To address long-term outcome,
we initiated a structured follow-up approach with telephone
and written contact and invited all 95 survivors of the historic
cohort for a clinical follow-up. The patients who were willing to
participate after informed consent received the German 36-Item
Short Form Health Survey (SF-36) questionnaire to assess QoL.
The widely accepted SF-36 relies on patient self-reporting and
consists of eight scaled scores, which are the weighted sums of
the questions in their section. Each scale is directly transformed
into a 0–100 scale on the assumption that each question carries
an equal weight: the lower the score the more disability and, vice
versa, the higher the score the less disability is displayed.

A total of 53 patients were not available or did not respond
to our contact attempts. We performed a clinical follow-up
examination in 42 patients of that cohort but had to exclude
two patients due to incomplete SF-36 data. Thus, 40 complete
datasets including clinical follow-up were available for analysis
(Supplementary Figure 1). The median follow-up time of these
40 patients in this follow-up was 4.4 years after the index
operation and OAT. In our clinical follow-up examination, QoL
was assessed by SF-36 as mentioned, the presence of a clinically
relevant incisional hernia was recorded, and an objective
scar assessment using the VSS was performed. The modified
Vancouver Scar Scale provides a standardized assessment of
scarring. It scores the scar on four parameters: pigmentation,
vascularity, pliability, and height (18). In addition, we used a
verbal numerical rating scale as an assessment method of scar-
related pain and itching in those patients.

In this study, we thus report the outcome of 40 long-term
survivors of OAT concerning functional, esthetic, and QoL
outcome, including data on primary fascial closure and method,
presence of EAF, hernia presence, scar condition, and QoL as
assessed with the SF-36 questionnaire.

STATISTICS

Descriptive and inferential statistics were used in data analysis
using SPSS Statistics Version 24 (IBM, Armonk, New York,
USA). Intergroup differences were calculated for the SF-36
score using Students’ t-test followed by Bonferroni correction.
Clinical parameters were analyzed for possible correlations using
Pearson‘s correlation coefficient. P-values were two-sided, and
statistical significance was set at 0.05.

RESULTS

Epidemiology
The epidemiologic and clinical data of the 40 patients
participating in the follow-up study are presented in
Table 1. Median patient age was 52 years, and sex was
predominantly male.

TABLE 1 | Epidemiologic data, comorbidities and potential influencing factors of

postoperative outcome.

N total = 40 n, (%)

Sex:

m

30 (75)

f 10 (25)

Malignancy at time of index procedure 5

ASA (19) at time of index procedure:

I

0 (0)

II 7 (18)

III 23 (58)

IV 9 (23)

V 1 (1)

Index Procedure:

Colorectal

11 (28)

Pancreas 12 (30)

Small bowel 3 (7)

HPB 6 (15)

Other 8 (20)

Indication for OAT:

Peritonitis/anastomotic leakage

22 (55)

Hemorrhage 3 (7)

Pancreatitis 7 (18)

Abdominal compartment syndrome 3 (7)

Other 5 (13)

Obesity (BMI >30 kg/m²) 10 (25)

Cardiovascular disease 14 (35)

Immunosuppression 3 (7)

Renal failure 5 (13)

Prior malignancy 9 (23)

Lung disease 2 (5)

Diabetes mellitus 7 (18)

Prior abdominal surgery 16 (40)

Peritonitis was the most common indication for open abdomen treatment.

Clinical Course
The median hospital stay was 71 days, and the median duration
of OAT (from index operation until the closure of the abdominal
wall) was 13 days, and this was achieved with a median of
6.5 procedures (scheduled reoperations). The survival rate of
the entire historic patient cohort was 57%. Seven (18%) of the
patients developed an entero-atmospheric fistula at some point
along the duration of OAT. A vacuum-assisted wound closure
method was used in 25 cases (63%).

Fascial Closure and Hernia Development
Primary closure was achieved in nine cases (22%), and a
planned ventral hernia approach had to be employed in 31
patients (Figure 1). Twenty-three of the 31 PVH patients (74%)
underwent a secondary-stage abdominal wall reconstruction
procedure to achieve a definitive abdominal wall closure. In 16
cases, a mesh enhanced procedure was used. In nine cases, the
fascial edges could not be approximated, and a mesh was used
as an abdominal wall substitute in inlay position. In seven cases,
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FIGURE 1 | Abdominal closure and hernia incidence after open abdomen treatment (OAT). The flowchart shows the results of OAT concerning primary closure,

planned ventral hernia, and recurrent hernia incidence.

an anterior component separation as described by Ramirez et al.
(20) was necessary to close the fascial defect. One patient required
an upper thigh myocutaneous flap to reconstruct the abdominal
wall (Figure 2).

One-fourth of the patients with a planned ventral hernia
did not undergo secondary reconstruction for several reasons:
the majority of them deemed the perioperative risk too high
to attempt a procedure or the surgeon refrained from it
for the same reason. Of the nine patients where a primary
fascial closure was achieved, five (55%) developed a subsequent
incisional hernia. Two of them underwent more than two
attempts at abdominal wall reconstruction. Of the 23 patients
in whom a secondary-stage reconstruction was performed,
15 (65%) eventually developed a recurrent incisional hernia.

As expected, all of the patients without primary fascial
closure and who did not receive a reconstruction developed
a (planned ventral) hernia. In our clinical follow-up, a total
of 28 (70%) patients presented with a clinically relevant
abdominal hernia.

Scarring
In our cohort, 10 patients developed mild scars, with VSS < 4.
Twenty-two (55%) of the patients presented with a score between
4 and 8, while eight of them had a VSS score >8 that represents
significant scarring (Figure 3).

Itching was not a problem for 33 (83%) of the patients,
and seven patients complained about only mild itching, none
of severe itching. The majority of the patients did not report
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FIGURE 2 | Secondary-stage abdominal wall reconstruction techniques. The flowchart shows a synopsis of techniques used for secondary-stage abdominal wall

reconstruction at our center.

significant scar pain, with four patients reporting only mild
pain (two and three on the VAS Pain Scale). Six patients
complained about moderate pain (4–6 in the VAS Pain

Scale), while four patients experienced severe pain with VAS
> 7. Eight (20%) patients developed ulcers on the scar
tissue, some of which were microbially contaminated (Figure 3,
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FIGURE 3 | Vancouver Scar Scale (VSS) assessment combined with scar itching and pain scores. Shown are the VSS assessment scale and scar itching and scar

pain results with clinical examples from our cohort.

bottom picture; refer to Supplementary Material for data on
bacterial contamination).

Quality of Life
Quality of life as assessed by SF-36 showed impaired physical
role functioning in men as well as in women when compared
to the normal population (21). The SF-36 scores are known to
be sex dependent; therefore, they are given to men and women
separately (Figure 4).

It was also analyzed which clinical findings after OAT
impacted on QoL as measured by the SF-36 questionnaire. The
presence of a clinically evident hernia or EAF and also the
factors sex, primary fascial closure, and scarring (VSS score
low vs. high) were compared. While hernia presence, primary
closure vs. planned ventral hernia, and scarring showed no
statistically significant differences, the factors sex and especially
EAF formation impacted significantly on QoL (Table 2).

DISCUSSION

OAT is a specialized treatment that can prove to be life-saving for
critical situations of abdominal sepsis but is inherently associated
with high morbidity. Survivors of OAT face various factors that
potentially limit their quality of life.

In this long-term follow-up with over 4 years after the
index procedure of a single-center patient cohort after OAT,
we show that several aspects of OAT must be addressed to
achieve a satisfactory outcome. Overall survival was decent
at best with 95/165 patients (58%). Due to the evolution of

OAT at our institution which reflects the advances in OAT
strategies in general, survival has improved to over 64% in
the current era. The primary fascial closure rates which are
the focus of surgical management (as only fascial closure as a
“surgical factor” significantly reduces mortality and morbidity)
were also relatively low in this historic cohort (only 9/40 patients,
23%). Recent algorithms such as the utilization of a consequent
three-column approach (fascial traction, visceral protection,
negative pressure wound treatment) have significantly improved
primary closure rates over time not only at our institution
(22). In the historic cohort reported here, a primary closure
was not achieved in the majority of cases, which would not be
acceptable compared to contemporary standards. Interestingly,
primary fascial closure vs. planned ventral hernia was not a
factor that impacted on quality of life. This could, in part,
explain why only 75% of PVH patients were scheduled for
secondary reconstruction, the reasons being mainly 2-fold: either
the surgeon deemed the patient unfit for surgery or the patient
refused secondary reconstruction due to lack of hernia-related
complaints and/or fear of complications. More than half of the
patients after successful PC and 65% of patients after a secondary
reconstruction for PVH eventually developed a recurrent ventral
hernia. Comparably, in the recent literature, the incidence of
an incisional hernia after OAT is high, reaching up to 65% (6).
This is comparable to other high-risk situations as abdominal
aortic aneurysm operation (7), transplantation (23), or obesity
and considerably higher than hernia incidence after elective
laparotomy (5). In some of the above-mentioned instances, the
use of prophylactic mesh implantation may reduce incisional
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FIGURE 4 | SF-36 results of open abdomen treatment (OAT) cohort (n = 40), visual comparison to general population. Shown are the SF-36 QoL results of men (n =

30) and women (n = 10) after OAT compared to the general population (21).

TABLE 2 | Analysis of clinical findings impacting on SF-36.

Sectors SF-36 Sex Hernia PC EAF VSS

Male vs. Female Yes vs. No Yes vs. No Yes vs. No VSS Low < 3 vs. High > 8

Vitality ns ns ns ns ns

Physical functioning ns ns ns ns ns

Bodily pain ns ns ns ns ns

General health perceptions female* ns ns no EAF* ns

Physical role functioning ns ns ns ns ns

Emotional role functioning female* ns ns no EAF* ns

Social role functioning female* ns ns no EAF** ns

Mental health ns ns ns no EAF** ns

Overall physical ns ns ns ns ns

Overall mental female* ns ns no EAF* ns

Table shows the comparison of mean SF-36 sector results and the following factors were compared: male vs. female sex, presence or absence of a clinically evident hernia, primary

fascial closure, development of an entero-atmospheric fistula, and a low VSS score (<3) vs. a high one (>8). Non-statistically significant differences are stated as “ns.” Where a statistically

significant difference was detected, it is marked accordingly, i.e., EAF formation impacts significally on the SF-36 sector “general health perceptions” [two-sided t-test, *p < 0.05 and

**p < 0.01, the original mean value data is given in Supplements (Supplementary Table 2)].

hernia incidence (24). Furthermore, recent studies showed a
significant reduction in incisional hernia incidence after “onlay”
mesh reinforcement compared with suture only and superior to
“sublay” mesh (5). As such, onlay mesh reinforcement may have
the potential to improve the standard treatment for high-risk
patients including OAT.

OAT may result in excessive scar tissue which may affect QoL
in the long term. This is especially true for patients after OAT

where PC of the fascia (and/or skin) cannot be achieved and who
may be discharged with a granulating laparostomy. Excessive
scarring after burn injuries is known be associated with reduced
QoL and is related to disruption of daily activities, altered sleep
patterns, anxiety, depression, and issues of social acceptance (15).
Furthermore, hypertrophic scars might be itchy and painful and
cause serious functional and cosmetic disability (25).We assessed
scar formation in our follow-up cohort for the first time after

Frontiers in Surgery | www.frontiersin.org 7 March 2021 | Volume 8 | Article 59024593

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Theodorou et al. Outcome After Open Abdomen Treatment

OAT in a standardized manner by utilizing the Vancouver Scar
Scale. Even though we found a high percentage of VSS > 3 scar
formation (in 30 patients, 75%), we did not find a correlation
of the VSS score (low VSS vs. high VSS) with QoL. This could
be related to the fact that no patient experienced severe scar
itching and only 10% experienced severe scar pain, which are
factors known to impair QoL after burn injuries and have since
been added to the VSS score (26). Although previous studies
did show a correlation between VSS and pain as well as itching,
we could not detect such correlation. However, pain and itching
correlated significantly among themselves, with Pearson’s P =

0.533. While the subject of scar tissue development after OAT
is much less well-understood as scarring after burn damage,
further research in this area may provide ways of minimizing
scar-related problems, ensuring better aesthetic results as well
as less scar tissue complications in these patients. One finding
that the authors noticed was a colonization of multi-resistant
bacterial strains in unstable scars of some patients (especially
after granulating laparostomy; see Figure 1, bottom picture, and
Supplementary Figure 3), which have to be addressed before
secondary reconstruction is attempted. Concerning quality of
life, we found that the sector “physical role functioning” was
most impaired after OAT—especially in men—compared to the
general population. This is not a surprising finding in our cohort
because men, in particular, may find persisting disabilities after
OAT a hindrance to former job-related physical labor or activities
in daily life. The inherent sex difference in QoL, when assessed
with SF-36, was also seen in our data with better QoL reported by
10 females of the cohort. The biggest negative impact on QoL was
seen in patients with EAF formation; here the sectors “general
health perception,” “emotional and social role functioning,” and
“mental health” as well as the overall mental status score were
negatively affected. We conclude that the avoidance of EAF
formation, best achieved by the consequent use of visceral
protection and early midline closure, is paramount not only for
survival and morbidity but also to preserve QoL in OAT patients.
Naturally, our study has several limitations: the small sample
size and single-center setup limit generalizability in some aspects.
It could be argued that a selection bias may have distorted the
clinical follow-up because some patients were reached but did not
want to participate in the clinical follow-up study. According to
the patients’ statements, several reasons were mentioned: some
patients avoided hospitalization due to the previous traumatic
experience, some argued that the distance to our center was
too far, and several patients did not want a follow-up due to
lack of complaints. It is therefore conceivable that especially the
last group manages well with a stable abdomen and that the
rate of patients with planned ventral hernia may be distortedly
high in our follow-up cohort. The small sample size may have

impacted on the SF-36 analysis especially in the subgroups and

hindered the detection of all potential factors that logically would
influence QoL (such as PC of the fascia). For the same reason,
multivariate analysis was not feasible in this cohort, which would
be interesting in a larger, multicentric database1.

To summarize, we show that an early-era approach to OAT
before the implementation of a structured concept such as
the “Koblenz algorithm” with (a) fascial traction, (b) visceral
protection, and (c) negative pressure therapy resulted in relevant
mortality and morbidity. Our follow-up strategy identified a
significant proportion of patients that would qualify for a
secondary reconstructive procedure, but only about 2/3 of
patients discharged with a planned ventral hernia wanted
reconstructive surgery and were deemed fit. Of all clinical factors
tested, only sex and EAF formation impacted on quality of life,
which was generally lower in OAT patients compared to the
general population concerning bodily role functioning. Hernia
rates after PC were still high with over 50%, and prophylactic
measures such as a prophylactic mesh implantation upon fascial
closure should be discussed in the future analogous to other
major and emergency abdominal procedures.
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Experience With Open Abdomen
Treatment With Negative-Pressure
Therapy for Various Abdominal
Emergencies
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Alexander Perathoner, Dietmar Öfner and Reinhold Kafka-Ritsch*

Medical University Innsbruck, Innsbruck, Austria

Introduction: Open abdomen (OA) treatment with negative-pressure therapy (NPT)

was initiated for perforated diverticulitis and subsequently extended to other abdominal

emergencies. The aim of this retrospective study was to analyze the indications,

procedures, duration of NPT, and the outcomes of all our patients.

Methods: All consecutive patients treated with intra-abdominal NPT from January 1,

2008 to December 31, 2018 were retrospectively analyzed.

Results: A total of 438 patients (44% females) with a median (range) age of 66

(12–94) years, BMI of 25 (14–48) kg/m2, and ASA class I, II, III, and IV scores of

36 (13%), 239 (55%), 95 (22%), and 3(1%), respectively, were treated with NPT. The

indication for surgery was primary bowel perforation in 163 (37%), mesenteric ischemia

in 53 (12%), anastomotic leakage in 53 (12%), ileus in 53 (12%), postoperative bowel

perforation/leakage in 32 (7%), abdominal compartment in 15 (3%), pancreatic fistula in

13 (3%), gastric perforation in 13 (3%), secondary peritonitis in 11 (3%), burst abdomen in

nine (2%), biliary leakage in eight (2%), and other in 15 (3%) patients. A damage control

operation without reconstruction in the initial procedure was performed in 164 (37%)

patients. The duration of hospital and intensive care stay were, median (range), 28 (0–

278) and 4 (0–214) days. The median (range) duration of operation was 109 (22–433)

min and of NPT was 3(0–33) days. A trend to shorter duration of NPT was observed

over time and in the colonic perforation group. The mean operating time was shorter

when only blind ends were left in situ, namely 110 vs. 133min (p = 0.006). The mortality

rates were 14% at 30 days, 21% at 90 days, and 31% at 1 year. An entero-atmospheric

fistula was observed in five (1%) cases, most recently in 2014. Direct fascia closure was

possible in 417 (95%) patients at the end of NPT, but least often (67%, p = 0.00) in

patients with burst abdomen. During follow-up, hernia repair was observed in 52 (24%)

of the surviving patients.

Conclusion: Open abdomen treatment with NPT is a promising concept for various

abdominal emergencies, especially when treated outside normal working hours. A low
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rate of entero-atmospheric fistula formation and a high rate of direct fascia closure were

achieved with dynamic approximation of the fascia edges. The authors recommend an

early-in and early-out strategy as the prolongation of NPT by more than 1 week ends up

in a frozen abdomen and does not improve abdominal sepsis.

Keywords: negative-pressure therapy, open abdomen, damage control surgery, abdominal sepsis, second look

exploration

INTRODUCTION

Open abdomen (OA) treatment seems to be effective in treating
critically ill patients with abdominal sepsis. However, the
indication remains controversial as it is a resource-consuming
and a non-anatomic situation with the potential of severe
adverse effects (1–3). Temporary abdominal closure (TAC) with
negative-pressure therapy (NPT) allows not only the patient to be
resuscitated at the intensive care unit (ICU) but also the decision
on the definitive surgical procedure to be postponed to a second
look in an elective situation with an experienced colorectal
surgeon and the aim of avoiding creation of a temporary
stoma (4–6).

We initially adopted damage control surgery (DCS) for the
clinical situation of perforated diverticulitis with generalized
peritonitis, where we were able to report a high rate of restoration
of bowel continuity in prospective studies and ultimately in a
small randomized controlled trial (7–9). With the aid of dynamic
sutures, we demonstrated a high rate of direct fascia closure
and a low rate of hernia development (10). Simultaneously, we
extended the indication for DCS with NPT to other abdominal
emergencies, such as mesenteric ischemia, to allow the decision
on the extent of bowel resection to be postponed to a second-
look operation or to avoid stoma creation in patients with
obstructed colon. After open decompression and regeneration
of the overstretched colon, safe reconstruction is facilitated in
a second-look operation. Moreover, in all situations outside
normal working hours, and especially when working hours
are subject to restrictions, the surgeon on duty can postpone
the decision of performing an anastomosis DCS whenever he
has doubts.

The aim of this retrospective analysis was to analyze the
indications, procedures, and the outcomes of all consecutive
patients treated with OA and NPT at our university hospital in
the last 11 years.

PATIENTS AND METHODS

Clinical data from 438 consecutive patients treated with open
abdomen at our department from January 1, 2008 to December
31, 2018 were documented in an Excel database, where data
from already published prospective studies were integrated. OA
treatment was indicated by the performing surgeon on duty

Abbreviations: DCS, damage control surgery; OA, open abdomen; TAC,

temporary abdominal closure; NPT, negative-pressure therapy; HP, Hartmann’s

procedure; ICU, intensive care unit; n, number; PA, primary anastomosis without

ileostomy.

in cases outside study protocols. Negative pressure was applied
with VACR or ABTheraTM therapy (KCI, San Antonio, TX). To
avoid fascia retraction and enhance direct fascia closure, dynamic
sutures with vessel loops or approximation of the fascia edges by
negative pressure was applied as published. To prevent entero-
atmospheric fistula formation, direct contact between the intra-
abdominal sheet of the NPT system and the intestinal sutures
was avoided by covering the sides with omental fat, whenever
possible. The technique to be administered for closure of the
abdominal wall at the end of theOA treatment was determined by
the surgeon in charge and recorded as continuous or interrupted
using absorbable or non-absorbable suture material.

Statistical analysis of the data was conducted with SPSS
26.0 (Chicago, IL). Analysis was performed with the chi-square
test for categorical variables or Fisher’s exact test for nominal
variables. Overall survival rate was calculated with a Kaplan–
Meier estimate.

RESULTS

From January 1, 2008 to December 31, 2018, 438 patients (194
females) with a median (range) age of 66 (12–94) years, a body
mass index (BMI) of 25 (14–48) kg/m2, and American Society
of Anesthesiologists (ASA) class I–IV scores of 36 (13%), 239
(55%), 95(22%), and 3 (1%), respectively, were treated with NPT
at our department.

The indication for emergency surgery is shown in detail
in Table 1. Besides the main indication, primary bowel
perforation with 163 (37%) and anastomotic leakage, intestinal
ischemia, and ileus with 53 (12%) were the most frequent
indications for the DCS procedure. Eighty-three (19%) patients
suffered from a malignant disease and 21 (5%) patients were
immunocompromised for solid organ transplantation. Besides,
the mean ± SD operating time was 120 ± 66min. Definitive
surgery was performed in 272 (62%) and a damage control
operation without reconstruction in 164 (37%) patients. In the
group of patients with colonic perforation (n= 199), the surgical
time was shorter in the damage control group, with a median
(mean) time of 110 (118) min vs. 133 (145) min in the group
where reconstruction or stoma creation was performed during
the emergency surgery (p = 0.006). No significant difference was
observed in the median (mean) durations of NPT between these
two groups, namely 2 (4.3) vs. 3 (4.9) days.

Outcome parameters are depicted in Table 2. The median
(range) hospital stay was 28 (0–278) days, and themedian (range)
duration of NPT was 3 (0–27) days (see Figure 1). Admission
to the ICU was not necessary in 184 patients, and the median
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TABLE 1 | Clinical Data.

Female Age ASA Score BMI

Indication for surgery n % n (%) Median(range) Mean Median(range)

Primary bowel perforation 163 37% 71 (44%) 67 (12–92) 3.0 25 (14–40)

Anastomotic leakage 53 12% 20 (38%) 64 (36–82) 3.0 24 (14–43)

Intestinal ischemia 53 12% 21 (40%) 74 (25–95) 3.3 25 (15–37)

ILEUS 53 12% 28 (53%) 67 (21–90) 2.9 25 (14–48)

Postoperative bowel perforation 32 7% 15 (47)% 66 (26–83) 3.2 24 (15–45)

Abdominal compartment 15 3% 7 (47%) 76 (37–88) 3.4 23 (17–33)

Gastric perforation 13 3% 7 (54%) 55 (33–87) 3.3 27 (18–38)

Pancreatic fistula 13 3% 4 (31%) 60 (44–78) 3.4 26 (15–29)

Secondary peritonitis 11 3% 6 (55%9) 58 (38–77) 3.2 26 (20–33)

Burst abdomen 9 2% 7 (78%) 73 (64–80) 3.1 33 (25–40)

Biliary leakage 8 2% 2 (25%) 56 (20–84) 3.3 25 (18–44)

Other 15 3% 6 (40%) 62 (42–90) 3.3 27 (22–33)

Total 438 100% 194 (44%) 66 (12–95) 3% 25 (14–48)

BMI, body mass index.

TABLE 2 | Outcome.

Mortality rate (%) Survival rate (%) Hospital stay ICU stay NPT Rate (%)

Indication for surgery 30-day 90-day 1 year 5 year Median(range) days Fascia closure DCS

n = 254

Primary bowel perforation 11% 17% 76% 66% 24 (1–257) 3 (1–61) 3 (1–28) 98% 64%

Anastomotic leakage 17% 25% 69% 60% 34.5 (3–98) 9 (1–35) 4 (1–33) 91% 28%

Intestinal ischemia 19% 26% 58% 52% 20.5 (2–128) 4 (1–51) 2 (1–21) 100% 47%

ILEUS 15% 19% 64% 54% 22 (0–176) 2.5 (1–144) 3 (2–21) 98% 21%

Postoperative bowel perforation 9% 22% 67% 56% 43 (4–278) 10 (1–170) 4.5 (1–17) 97% 9%

Abdominal compartment 20% 20% 55% m 28 (4–56) 19 (6–34) 5 (2–18) 87% 0%

Gastric perforation 0% 15% 80% 80% 37 (13–110) 29 (16–69) 6 (1–33) 92% 8%

Pancreatic fistula 15% 23% 48% 48% 56.5 (34–192) 9 (3–61) 9 (1–21) 92% 0%

Secondary peritonitis 18% 36% 47% 47% 39 (14–112) 5.5 (1–34) 3 (1–20) 100% 0%

Burst abdomen 11% 22% 76% 31% 38 (12–72) 1 (1–214) 7 (2–24) 67% 0%

Biliary leakage 25% 25% 71% 48% 58.5 (12–140) 8 (2–64) 5 (2–27) 75% 0%

Other 13% 20% 79% 65% 23 (15–73) 5 (1–12) 2 (1–9) 93% 27%

Total 14% 21% 69% 59% 28 (0–278) 4 (1–214) 3 (1–33) 95% 38%

ICU, intensive care unit; NPT, negative pressure therapy; DCS, Damage control surgery; m, missing.

(range) duration of ICU stay for patients admitted to the ICU
(n = 254) was 4 (1–214) days. The mean duration of NPT was
lowest in the group with intestinal ischemia, namely 3.1 days, and
highest in the group with pancreatic fistula, namely 10.1 days,
followed by burst abdomen (9.8 days) and biliary leakage (9.6
days, p= 0.027). No significant difference in ICU or hospital stay
was observed between these groups.

The mortality rates were 14% at 30 days, 21% at 90 days, 31%
at 1 year, 37% at 3 years, and 41% at 5 years. The 90-day mortality
rate was highest in the group with secondary peritonitis (36%),
followed by intestinal ischemia (26%), and lowest in the group
with gastric perforation (15%) and primary bowel perforation
(17%, n.s.) (see Figures 2, 3).

Complete closure of the fascia at the end of NPT was possible
in 417 (95%) patients, nine (2%) patients died before removal

of NPT, in four (1%) patients a Permacol©, in two (0.5%)

patients a Vicryl© mesh was used to close the abdominal wall,
and in four (1%) patients complete closure of the abdominal
wall was not achieved. The lowest rate of direct fascia closure
was observed in the group with burst abdomen (67%), followed
by patients with biliary leaks (75%, p = 0.00). The mean
(confidence interval, CI) of BMI was lowest in the patients
who died before the end of NPT, with 21.9 (21.0–24.9) vs. 25.2
(25.0–25.5) in the group of complete fascia closure and 31.6
(29.1–34.1, p = 0.00) in the group of partial or mesh-mediated
fascia closure.

Entero-atmospheric fistula formation as a complication of
NPT was observed in five (1%) patients. Ventral hernia repair
was performed in 85 patients (19% of all and 24% of all surviving
patients). Body mass index was significantly higher in patients
with a ventral hernia, namely amean (95%CI) of 28.1 (27.2–28.9)
vs. 25.0 (24.7–25.3 kg/m2, p= 0.00).
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FIGURE 1 | Duration of negative pressure system in place.

FIGURE 2 | Overall survival for Damage control surgery (DCS) versus definitive surgery.

DISCUSSION

Damage control surgery (DCS), established in the treatment of
injured patients by trauma surgeons, has been adopted by general
surgeons for various abdominal emergencies (1–4). DCS meets
all requirements for an emergency operation: short operating

time, immediate clearance of the septic focus, and improving
the patient for definitive reconstruction in a second operation
at the ICU, if necessary (11). Moreover, this limited procedure
can be performed by a general surgeon not specialized in
colorectal surgery, a situation that is increasingly encountered
especially when working hours are subject to restrictions and
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FIGURE 3 | Overall survival for different indications.

there is a reduced availability of specialists. The estimated risk
of overtreatment appears to be tolerably low because the use
of modern NPT devices means patients can be extubated and
treated at the surgical ward until definitive surgery, if the patient
improves rapidly after DCS (9, 11, 12).

In the setting of perforated diverticulitis with generalized
peritonitis, the concept of DCS is already established (1, 9, 13).
We adopted the concept also for patients with anastomotic
leakage to allow reanastomosation in the second-look procedure.
Of the patients treated with NPT, 53 (12%) had intestinal
ischemia, where the aim was to reduce the extent of bowel
resection after patient recovery or after recuperation of the
intestine following thrombectomy. Another 53 (12%) patients
were operated for complicated ileus. After open decompression
or reposition of the incarcerated intestine, recovery of the
overstretched intestinal wall allowed safe anastomosis in the
second-look operation. Moreover, in cases of acute left-sided
colonic obstruction due to colon cancer, DCS offers an alternative
to diversion or stenting. Under elective conditions and with the
aid of a colorectal surgeon, the quality of oncologic resection
is enhanced.

Before the introduction of modern NPT devices, a formidable
complication, namely the formation of an entero-atmospheric
fistula, demanded that a strict indication be observed for OA
(2). Recent studies of OA treatment with NPT report rates of
entero-atmospheric fistula formation from 5 to 14%, with the
risk factors of duration of OA treatment, ischemia, and cancer
(14–17). In our cohort of 438 patients, where we strictly avoided

direct contact between the plastic sheet and any sewn serosa
lesion or an intestinal anastomosis, we demonstrate a low rate of
fistula development of 1%. A further problem entailed with OA
treatment, namely retraction of the fascia resulting in a ventral
hernia, can be resolved with various techniques, as published
in cohort studies (10, 17, 18). The technique practiced in our
department, dynamic approximation of the fascia edges with
vessel loops or approximation of the fascia edges with the aid of
negative pressure from the beginning of NPT, resulted in a high
95% rate of direct fascia closure at the end of NPT, comparable
to the data of Acosta et al. (18). The lowest rate of fascia closure,
namely 67%, was achieved in the patients with burst abdomen
due to septic complications or when biliary or pancreatic fistulas
were observed. The need for hernia repair in 24% of the surviving
patients in our cohort coincides with the published data. BMI
could be identified as a risk factor (19–21).

When used as DCS, NPT was terminated in 50% of our
patients after 2 days. NPT duration was longest in the group
of patients with persistent pancreatic or biliary leakage and in
those patients with burst abdomen due to septic complications,
where conditioning of the fascia edges was awaited before
the abdominal wall was definitively closed. NPT duration in
abdominal sepsis is limited by the evolution of a frozen abdomen,
limiting the cleansing effect of the negative pressure (22, 23). For
this reason, a trend toward an earlier termination of NPT during
the observation period was noted. The strategy undertaken at
our department is to keep the threshold low for the indication
of DCS and NPT, especially outside normal working hours, but
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to terminate as early as possible. Decompression laparotomy and
NPT in cases of abdominal compartment gave a rare indication
in 3% of our patients, while the mean duration was 6 days and
fascia closure was achieved in 87% of the patients.

Nine patients died before the end of NPT. At 22, BMI
was significantly lower in these patients, indicating that they
had malignant or severe chronic disease. A higher BMI was a
significant risk factor for complete fascia closure in our cohort
of patients. The mortality rates observed in our patients appear
to be comparatively low in relation to the literature (24, 25). The
effects of OA and NPT onmortality and the risk of overtreatment
are still up for discussion, and a prospectively randomized study
was announced (12, 26, 27).

In conclusion, OA with NPT is a promising option in various
abdominal emergencies, especially when used in a damage
control concept and outside normal working hours, where typical
and feared complications such as entero-atmospheric fistulas or
fascia retraction can be successfully avoided. To demonstrate a
supposed positive effect on mortality, a randomized controlled
study would be helpful.
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