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Abstract

Introduction The aim of this prospective controlled trial

was the definition of the optimal timepoint for delayed

closure after negative pressure wound therapy (NPWT) in

the treatment of the open abdomen (OA) in septic patients

after abdominal surgery. The delayed closure of the

abdominal wall after abdominal NPWT treatment is often

problematic due to the lateralization of the fascial edge

leading to unfavorably high tensile forces of the adapting

sutures in the midline. We present the results of an inno-

vative combination of NPWT with a new fascial-approxi-

mation technique using dynamic fascial sutures (DFS) and

delayed closure of the abdominal wall.

Methods Eighty-seven patients subjected to OA therapy

following surgery for secondary peritonitis were treated

with NPWT and DFS. In all patients, a running suture of

elastic vessel loops was used to approximate fascial edges.

This procedure was continued for the duration of NPWT

until final closure of the abdomen with running suture in 55

patients (63.2 %) and interrupted suture technique in eight

patients (9.2 %). An anterior component separation was

performed in seven patients.

Results Delayed closure was achieved in 68 patients

(78.2 %) after 12.6 days [mean (SD) 25.1 (2–204)] days

and 4.3 re-operations [mean (SD) 6.0 (1–43)]. Fifteen

(17.2 %) superficial and two (2.3 %) deep wound infec-

tions occurred. In three (3.4 %) cases, entero-atmospheric

fistulas had to be treated. We recorded no technique-spe-

cific complications. Four (5.9 %) incisional hernia were

detected in a mean follow-up of 40.5 months (16–65).

Mortality rate was 55.2 %.

Conclusion Using a new technique combining NPWT and

DFS in the treatment of the OA, the delayed closure of the

fascial edges by running suture can be achieved and the

number of re-operations can be kept low. The technique was

safe and led to a low incidence of incisional hernias. Exten-

sive abdominal wall reconstruction was seldom required.

Keywords Secondary peritonitis � Open abdomen �
Negative pressure wound therapy � Dynamic fascial

suture � Delayed closure

Since the introduction of negative pressure systems [negative

pressure wound therapy (NPWT)] in the treatment of the open

abdomen (OA) in septic patients [1] suffering from secondary

peritonitis, morbidity and mortality has decreased significantly

[2, 3]. The continuous negative pressure leads to a sufficient

drainage of peritoneal fluids and prevents abdominal com-

partment syndrome. On the other hand, the perfusion of the

intestinal and retroperitoneal organs is preserved. The most

severe complications in the treatment of the OA are the frozen

abdomen followed by entero-atmospheric fistulas [4]. The use

of a special sheet for covering the intestine prevents these

complications in the majority of the cases [5, 6]. The results of

the literature suggest that NPWT is associated with the highest

rates of fascial closure and the lowest mortality rates [2].

Presented at the annual meeting of the Society of American

Gastrointestinal and Endoscopic Surgeons (SAGES), Baltimore, MD,

USA, 17–20 April 2013.

R. H. Fortelny (&) � A. Hofmann � S. Gruber-Blum �
A. H. Petter-Puchner � K. S. Glaser

Department of General, Visceral and Oncological Surgery,

Wilhelminenspital, Montleartstrasse 37, 1171 Vienna, Austria

e-mail: rene.fortelny@wienkav.at

A. Hofmann � S. Gruber-Blum � A. H. Petter-Puchner

Ludwig Boltzmann Institute for Experimental and Clinical

Traumatology, Donaueschingenstrasse 13, 1200 Vienna, Austria

123

Surg Endosc (2014) 28:735–740

DOI 10.1007/s00464-013-3251-6

and Other Interventional Techniques 



However, the primary delayed closure technique is one of

the most discussed and predominantly complicated proce-

dures after the successful treatment of the OA. The major

obstacle to the closure is the lateralization of the rectus

muscles, which should be avoided at all costs. Various

approximation systems for this indication have been sug-

gested and commercialized in the past [7–11]. The highest

closure rates of 85–90 % are achieved by artificial burr and

dynamic retention sutures [9–11]. Both techniques facilitate

the delayed closures of the abdominal wall without high

tension and the risk of acute and incisional hernia.

One of the crucial points is to determine the right time of

primary delayed closure. In case of premature closure, the

risk of a pertubated infection with the consequent need for a

re-operation is high. On the other hand, a late closure is often

associated with technical challenges and an inherent risk of

high tension to the suture line. Therefore, the primary aims of

this study were the prevention of the lateralization of the

rectus muscles and the definition of the appropriate time to

close the OA. Recurrences and other treatment-related

complications were secondary parameters of interest.

Methods

Between September 2007 and December 2012, all consecu-

tive patients undergoing emergent laparotomy and OA treat-

ment were enrolled in this prospective study. Inclusion criteria

were advanced peritonitis in more than one quadrant. Because

of the prospective but non-randomized and non-comparative

character of the study, the local ethical committee waived

responsibility. Exclusion criteria for OA treatment with neg-

ative pressure were hemorrhage, localized peritonitis, or the

ability to perform sufficient source control during the initial

procedure in stable patients. The Mannheim Peritonitis Index

(MPI), as well as the American Society of Anesthesiologists

(ASA) score, was calculated at timepoint of the NPWT

treatment and related to the different sources of sepsis in upper

and lower gastrointestine (GI). For a comparison of the gen-

eral infection score at the beginning of the OA therapy and

closure of the abdomen, the C-reactive protein (CRP) [mg/dl]

data and leukocyte number (g/ll) were recorded.

CRP and leukocyte data were compared between

patients with wound infection and bland wound healing.

Minimum follow-up was 10 days after abdominal closure.

Technique of fascia closure and wound infection was

compared in groups with and without incisional hernia.

The number of NPWT re-operations was assessed and

different variables compared between B4 and[4 re-opera-

tions until delayed fascial closure: death during hospital stay,

incisional hernia, complications, and wound infection. Fur-

ther predictive data for death during hospital stay were

evaluated.

Patient demographics

A total of 87 patients—39 (44.8 %) women and 48

(55.2 %) men; median age 69 years (range 25–93 years)—

were included (Table 1). Indications were sepsis from an

intra-abdominal infection. Source of infection was the

upper GI (stomach, duodenum, small bowel) in 29.9 % of

patients, the lower GI (large bowel, rectum) in 58.6 % of

patients, and others in 11.5 % of patients (Table 1). Co-

morbidities at the time of starting treatment of the OA

using ASA score was a median of 2 (1–4), and the MPI

median was 15 (5–29) (Table 1).

Surgical technique

Source control

The aim of primary surgical intervention was a rapid

source control. Surgical intervention implied an extended

lavage, especially in cases of widely-spread fecal con-

tamination of the abdominal cavity.

Table 1 Patient demographics

Characteristic 87 patients

Males 48.0 55.20 %

Females 39.0 44.80 %

Source of infection

Small bowel/stomach 26.0 29.90 %

Colon/rectum 51.0 58.60 %

Other/peritonitis 10.0 11.50 %

Age, years 69.0 25.2–92.9

MPI 15.0 5.0–29.0

ASA 2.0 1.0–4.0

APACHE II 13.0 0–39

NPWT reoperations 4.3 1.0–43.0

NPWT duration 12.6 2–204

ICU stay 13.0 1–123

Mortality 55.0 55.20 %

Death during hospital stay 23.0 26.40 %

Time closure-death (days) 75.0 1–1253

Delayed closure 68.0 78.20 %

Incisional hernia/delayed closure 4.0 5.90 %

Leukocytes preoperatively 12.0 1.2–59.2

CRP preoperatively 226.0 3.2–533.3

Leukocytes postoperatively 12.9 5.2–28.5

CRP postoperatively 172.2 18.4–423.6

MPI Mannheim Index Score, ASA American Society of Anesthesi-

ologists Physical Status, APACHE II Acute Physiology and Chronic

Health Evaluation II, NPWT negative pressure wound therapy, ICU

intensive care unit, CRP C-reactive protein
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Negative pressure wound therapy: technique

The surgical procedure always included a covering of the

intestinal block using a sheet of vacuum dressing

(VAC�; KCI, San Antonio, TX, USA). To achieve suf-

ficient prevention of the fascial and muscle retention,

dynamic fascial sutures (DFS) using elastic vessel loops

were applied to the anterior sheet of the rectus muscle in

a running technique. To achieve a safe approximation of

the external aponeurosis, a bilateral dissection of 4–5 cm

was performed (Fig. 1). The sutures were placed at least

2 cm apart from the midline to preserve the fascia for the

delayed closure, and included only the aponeurosis

without the rectus muscles. Only two long vessel loops in

an uninterrupted suture technique were used to close the

gap to a distance of 2 cm for assuring a sufficient suction

of the dressing system and an elastic permanent

approximation. The overlaps of the loops were fixed with

a re-useable clip which enabled re-operation by loosening

the two loops avoiding fascia resuturing with the draw-

back of repeated impairment of the fascial tissue (Fig. 2).

Preserving the tissue of the linea alba, external aponeu-

rosis and rectus muscle is crucial for later physiological

safe closure of the abdomen. Finally, the OA was tempo-

rarily closed by a vacuum dressing using a continuously

negative pressure of 90–125 mmHg. Postoperatively,

patients were admitted to the intensive care unit (ICU) for

further advanced treatment. The planned re-operation took

place after 24 h and up to 48 h in an elective setting. In

case of insufficient clearance of the peritoneal cavity, a

reapplication of the abdominal vacuum dressing was

performed.

Delayed primary fascial closure technique

After successful treatment of the OA by NPWT, the

external fascia was prepared for a tension-free closure

technique. In the beginning of the study, the closures were

performed by non-resorbable running sutures (Prolene�,

Ethicon, Norderstedt, Germany) and late resorbable sutures

(PDS�, Ethicon, Norderstedt, Germany; MaxonPlus�,

MonoMax�, Braun, Melsungen, Germany). In order to, in

particular, minimize the risk of acute hernia due to a high

tension, the suture technique at the start of the prospective

study changed from ‘large bites’ to ‘small bites’, as rec-

ommended by Israelsson et al. [12–14]. In the large bites

technique, the suture-to-wound length ratio was higher, at

least 4:1, whereas in the small bites technique the ratio was

at least 6:1 (Fig. 3). If a tension-free closure could not be

achieved, additional anterior component separation (ACS),

as described by Ramirez et al. [15], was performed

(Fig. 3). In some cases a bulging on the site of ACS

appeared. In these cases a prophylactic onlay mesh rein-

forcement was accomplished (Fig. 4).

Fig. 1 Dynamic fascial suture using vessel loop with vertical stitches

at a distance of 1.5–2 cm laterally to the incision

Fig. 2 Dynamic approximation of the rectus muscles by running

suture technique

Fig. 3 Delayed closure by small bites technique with a suture-to-

wound length ratio of 6:1 with additional anterior component

separation
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Data collection and statistical analysis

Data collection included patients’ demographics, peritoni-

tis score (MPI), inflammation scores (CRP, leukocytes),

number of NPWT changes, duration of OA therapy, days in

the ICU, fascial closure, complications, patient survival,

incidence of incisional hernia, wound infections and clin-

ically relevant events.

Results are represented 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, or Mann–Whitney test when

data were not normally distributed. Contingency testing

was completed using Chi-square ([2 variables) and Fish-

er’s test (two variables, low n). p-Values of \0.05 were

considered to indicate statistical significance.

Results

Delay of closure

Delayed closure was achieved in 68 patients (78.2 %) after

12.6 days [mean (SD) 25.1 (2–204)] and 4.3 re-operations

[mean (SD) 6.0 (1–43)]. Mortality rate was 55.2 %,

whereas 23 (26.4 %) patients died during hospital stay. The

mean time between fascia closure and death was 140.6 (SD

241.4). Median stay at the ICU was 13 days (1–123).

In order to receive information about the optimal time-

point of delayed fascial closure, different analyses were

performed. Factors hypothetically influencing the outcome

(wound infection, incisional hernia) were assessed. Dif-

ferent variables were compared between B4 and [4 plan-

ned re-operations until delayed fascial closure. Further

predictive data for hospital morbidity were evaluated.

Wound infection

Superficial wound infection was observed in 17.2 %. Ser-

oma and hematoma were found in 5.7 and 2.3 % of

patients, respectively. Two patients experienced deep

wound infection (2.3 %), and in three (3.4 %) cases entero-

atmospheric fistulas had to be treated. CRP (mg/dl) data

and leukocyte number (g/ll) did not differ between

beginning of abdominal vacuum therapy and the closure of

the abdomen. CRP and leukocyte data did not influence

wound infection.

Incisional hernia

A total of 55 patients (63.2 %) achieved fascial closure

with running suture: 11 closures with Prolene� 0, 14 with

PDS� 1, 3 with MaxonPlus� 1, 18 with MonoMax� 0, and

9 with MonoMax� 1. Seven patients received ACS, two

patients with an additional onlay mesh. In eight patients,

fascial closure was achieved with interrupted suture

(9.2 %).

Technique of fascia closure and wound infection was

compared in groups with and without incisional hernia.

Four incisional hernias were observed in 68 patients with

delayed closure (5.9 %), all with running suture after a

mean follow-up of 40.5 months (16–65).

One fascial closure was achieved with MonoMax� 1,

one with MaxonPlus� 1 and two with PDS� 1. No wound

infection was detected in all fascial closure techniques.

B4 and [4 planned re-operations

Overall, 63 patients had B4 planned re-operations and 20

had [4 planned re-operations. Incisional hernias were

found in 3 of 43 patients with B4 re-operations (4.8 %),

and 1 of 15 patients with[4 re-operations (7 %) [Table 2].

Patients with a follow-up less than 1 year were excluded.

Death during hospital occurred in 12 of 63 patients with B4

planned reoperations (20 %), and 1 of 20 patients in[4 re-

operations (5 %). Mortality in patients with B4 re-opera-

tions was significantly higher than in patients with [4 re-

operations. Complications (abscess formation, fistulation)

were found in 10 of 63 patients (15.8 %) and 6 of 20

patients (30 %). In 11 of 47 patients (23.4 %) and 4 of 16

patients (4 %) wound infection occurred (Table 2). No

significant differences could be observed in all groups by

contingency testing.

Hospital mortality

Mann–Whitney test showed significant higher MPI in

patients who died during hospital stay. No significant dif-

ferences could be shown in CRP/leukocytes.

Fig. 4 Prophylactic onlay mesh reinforcement
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Discussion

In the management of secondary peritonitis, treatment by

NPWT techniques changed the outcome of these critically

ill patients significantly [2]. In a retrospective multicenter

study the advantage of the NPWT treatment revealed a

reduction in mortality rate of 40 % [16]. The reduction of

the bacterial contamination of the abdominal cavity and the

edema of the bowel by this special treatment provides the

pathophysiological background for a successful closure of

the abdominal wall. Another important aspect is the mor-

bidity of the fascial closure procedure and the incidence of

incisional hernia. Several techniques have been described

to achieve a delayed closure by means of mesh [8] or even

by split-thickness skin grafts to the bowel [17]. Preventing

retraction of the rectus muscles the NPWT treatment is

sometimes insufficient by itself. Pliakos et al. [18] dem-

onstrated a significantly better sequential closure rate by

the use of additional retention sutures in a double-blinded

study with and without sutures. The most successful

methods [1] seem to be the approximation by means of a

patch technique [9] or mediated by mesh [2, 7] or sutures

[11, 18–21]. The use of an elastic suture material (e.g.

vessel loops) to obtain a dynamic approximation of the

fascia without the risk of high tension to the tissue and

rupture seems to be consequentially better. In the technique

presented in this study, preserving the fascial tissue by

performing the suture stitches of these sutures at a ‘safe’

distance of the midline and leaving them in place during all

of the OA period are key elements for then performing a

small bite suture repair for final closure.

To reduce the high risk of incisional hernia in patients

treated for secondary peritonitis with OA, which is

reportedly as high as 50 % [22], the initial closure should

be optimized in terms of technique.

In the beginning of our study, the small bites technique

was not established in clinical routine. Based on the excellent

results of the study group of Israelsson et al. [12], we adopted

this technique for primary midline closure of the abdominal

wall. Afterwards we extended the small bites closure tech-

nique in these NPWT patients. The risk of a burst abdomen

was not increased with this technique in primary midline

closure nor in delayed closure of the abdominal wall.

Based on the high evidence level IA, the primary mid-

line closure should be performed with a late resorbable

suture material [23] and, accordingly, this suture material

was implemented during the observation period.

In the first prospective, randomized, multicenter trial

(ISSAAC) using a new ultra-long-term absorbable, elastic

monofilament suture material (MonoMax�) for the closure

of primary midline laparotomy, the 1-year results showed

an incisional hernia rate of 14.0 % versus 21.3 % in

comparison with the control group (MonoPlus� or PDS�;)

[24]. Regarding the wound infection or burst abdomen,

there was no significant difference in both groups (13.1 vs.

17.8 %). Thus, because this study was performed in

patients without previous treatment with NPWT, we deci-

ded to change the suture material in our study.

In case of high tension of the midline closure despite all

efforts mentioned, an ACS should preferably be performed.

In our study, four patients were treated in this way without

any complications. In two cases, the Ramirez incisions

were reinforced by an onlay mesh using a macroporous

lightweight polypropylene mesh. Even in this potentially

contaminated field, the synthetic mesh application caused

no infection-related complications and did not result in

incisional hernia. Taking into account the ongoing dis-

cussion of the indication for the use of biological meshes in

this special field [25, 26], our experiences with macropo-

rous synthetic meshes were convincing.

Our policy of early closure after NPWT treatment is

based on the findings of correlation of mechanical venti-

lation and OA. At the time of delayed fascial closure,

weaning from mechanical ventilation was started in most

patients. Consequently, an early closure implies a reduction

of ventilation time and stay at the ICU. Furthermore, an

early-performed delayed fascial closure implies generally

better conditions for preserved tissue of the abdominal

wall, less lateralization of the fascia and rectus muscle,

and, at the end, less risk of frozen abdomen and other

severe complications such as entero-atmospheric fistula.

Thus, following this policy we had two patients suffering

from ‘frozen abdomen’ and three patients suffering from

entero-atmospheric fistula.

In our study, the number of incisional hernias in a fol-

low-up of at least 1 year in surviving patients detected no

significantly different results in patients with B4 or [4

NPWT planned re-operations. In particular, the group of

patients treated by component separation with and without

onlay mesh reinforcement, as well as patients with a small

bites closure technique by elastic suture material, exhibited

no incisional hernia up to now. On the other hand, the

mortality rate of our patients correlated significantly with a

high MPI score. The obvious limitations of this study are

its non-randomized, non-comparative design, as well as the

expectedly high mortality in this specific patient

Table 2 B4 versus [4 planned re-operations

B4 (%) [4 (%)

Complications 10/63 (15.9) 6/20 (30)

Wound infection 11/47 (23.4) 4/16 (25)

Death/hospital stay 12/63 (19) 1/20 (5)

Incisional hernia (4/58) [FU: 1 year] 3/43 (7) 1/15 (6.7)

FU follow up

Surg Endosc (2014) 28:735–740 739
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population. Nevertheless, we are optimistic that the treat-

ment regimen presented will help to further reduce planned

re-operations, consecutive ICU stay, and the rate of inci-

sional hernias. Randomized controlled studies, together

with other high-volume centers, are planned.

Conclusions

In our experience, the first aim in the treatment of an OA is,

beside the initial source control, to prevent lateralization of

the rectus muscles by means of NPWT in combination with

DFS from the very beginning. Following this strategy, an

early successful delayed fascial closure by elastic, late re-

sorbable, running suture in small bites technique, with low

risk of burst abdomen and incisional hernia, can be

achieved.
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