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Background: We aimed to present the management of 6 cases of Open Abdomen with severe 
peritonitis and ostomies by the application of U shaped dynamic wound closure system (ABRA) 
in conjunction with VAC dressing in this case series.  
Material and Method: Six open abdomen cases with severe peritonitis treated with modified 
application of ABRA in conjunction with VAC dressing between 2011 January and 2012 
September were presented in this study. After hemodynamic stabilization in ICU, VAC dressing 
was applied and changed every 2-5 days until the fascia of patients was closed. The first 
modified application of ABRA (U shaped) was decided based on the clinical judgment. The arms 
of U shaped ABRA were placed on non-ostomy side of septic OA. When all the wound edges 
came across completely, it was sutured. One-two weeks after facial closure, the anchors of 
ABRA were removed. 
Results: Mean APACHE II score was 23.67± 4.76. Mean Mannheim peritonitis index (MPI) 
score was 36.0±5.1, Björck OA score of 1 patient is 2b, 2 patients 3 and 3 patients, 4 at the time 
of first application of VAC dressing. Mean width and length of the abdominal defect was 20.5 ± 
14.6 cm and 26.2 ± 8.7 cm respectively. There was no mortality. Successful delayed abdominal 
closure rate was 100%. Abdominal wall hernia developed in only 1 patient. 
Conclusion: Modified application of ABRA decreases the cost of the treatment and provides 
more space for placement of ostomy bags in patients with ostomies in septic OA. 
Key Words: dynamic closure, negative pressure, open abdomen, peritonitis. 

Introduction 

The management of open abdomen (OA) 
should be life-saving in abdominal 
compartment syndrome, damage control 
surgery after trauma and in case of 
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Figure 1: (A), (B) Abdominal defect of a patient with 
intestinal fistula before application of VAC dressing and 
ABRA. (C)  Iliostomy of the patient and application of VAC 
dressing. After first VAC dressing and ileostomy (D) 
Modified application of ABRA above the silicone sheet in 
conjunction with VAC dressing. 

generalized peritonitis [1]. The patients with 
OA have a higher risk for developing major 
complications such as multiple organ failure, 
enterocutaneous fistula, intra-abdominal 
abscess, and abdominal wall hernia [2-6]. 
Risk of mortality is greater than 50% in the 
infected OA [2, 3]. 

The care of the patient with OA, 
techniques and timing of temporary 
abdominal closure creates a challenging 
clinical problem for surgeons and intensivists. 
Several methods such as Bogota beg, skin 
approximation, absorbable mesh, marlex with 
zipper, Wittman patch, Ramirez compartment 
separation technique, vacuum pack closure 
and vacuum assisted closure (VAC) dressing 
have been used for temporary closure of an 
OA with various success [1, 7, 8]. New and 
modern technologies including use of 
negative pressure therapy and synthetic or 
biologic repair materials are available for 
delayed closure of OA [2].  

VAC dressing is an alternative technique 

for temporary covering with the benefits of 
evacuation of intra-abdominal exudates and 
edema and allowing control of abdominal 
volume and third space losses. 

The dynamic wound closure system 
(ABRA; Canica Design, Almonte, Ontario, 
Canada) is a novel technique based on 
dynamic elastic closure to provide muscle and 
fascia reapproximation [9]. It is composed of 
silicone elastomers and button anchors 
basically. It has been used in OA of mainly 
non septic origin before [10]. 

We present the management of 6 cases 
of OA with severe peritonitis by the 
application of U shaped ABRA in conjunction 
with VAC dressing.  

Material and Methods 

Six cases with severe peritonitis of various 
origins between 2011 January and 2012 
September were undergone first laparotomy. 
Control of sepsis of patients was established 

in ICU by mechanical 
ventilation, antibiotic 
treatment, fluid and electrolyte 
replacement. (Figure 1A, 1B) 
After hemodynamic 
stabilization in ICU, VAC 
dressing was applied for 
sequential lavage, evacuation 
of inflammatory exudates and 
reduction of edema under 
general anesthesia and was 
changed every 2-5 days until 
the fascia of patients were 
closed (figure 1C). The first 
modified application of ABRA 
was decided based on the 
clinical judgment, considering 
the hemodynamic status of 
the patient and after fistula 
was taken under control 
(Figure 1D, 2A). One surgeon 
applied the systems to all 
patients. Enteral nutrition was 
initiated when the intestinal 
continuity has been 
maintained [11]. 
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Figure 2: (A) Modified application of ABRA at the ostomy 
side. (B) Modified application of ABRA, conjunction with VAC 
dressing. (C) Closed open abdomen with anchors of ABRA 
removed partly. (D) Successful closed open abdomen. 

The technique of VAC dressing 

After debridement and irrigation of all 
quadrants of abdomen with warm saline, a 
perforated polyethylene sheet was placed 
over the bowel under the fascia in order to 
prevent adhesion of abdominal content to 
sponge and abdominal wall. Sponge was 
placed over the silicone sheet. Suction tubing 
was applied and sponge shrank. Negative 
pressure of VAC dressing was adjusted 
between (-50-125 mmHg) intermittently, 4 or 7 
min of high negative pressure was followed 
by 1 or 2 min of low negative pressure 
respectively. The dressing is changed every 
2-5 days under general anesthesia at the 
beginning and with sedation later on at 
bedside when the perforated silicone sheet is 
soiled with fibropurulant discharge. As closure 
progresses, the sheet and sponge was 
trimmed and placed under the front edge of 
the buttons. 

The technique of modified application of 
ABRA system 

The surgical wound was 
debrided then a series of 
midline crossing elastomers 
are surgically inserted 
through the full thickness of 
the abdominal wall at a 
distance of approximately 5 
cm from the medial fascial 
margin by confirming U 
shape, arms of which were 
placed on the non-ostomy 
side with each elastomer. 
The elastomers are aligned 
about 3 cm part cross the 
defect and fixed to button 
anchors at the insertion side 
in only non-ostomy side of 
OA. The base of U shaped 
elastomer was passed by 
one or two 20 F Foley 
catheters placed side to side 
to prevent the development 
of pressure sores on the 
ostomy side of the OA. The 

Foley catheters were placed alternating the 
way they crossed at each elastomer, like 
braiding at every time VAC dressing was 
changed (Figure 1D, 2A,). A perforated 
silicone sheet was inserted between the 
abdominal wall and its contents and treated 
with VAC dressing (Figure 2B). The optimal 
tension was obtained by stretching the 
elastomers 1.5-2 their tension free length. 
Tension of modified ABRA was adjusted 
when VAC dressing was changed. If tension 
decreased to less than 1.25X it was tightened 
again to a maximum of 2X stretch. All patients 
received nonopioid analgesics for treatment 
of pain routinely. As rescue analgesics 
tramadol and or morphine was administered. 

When all the wound edges came across 
completely, fascial edges were exposed by 
dissecting skin and subcutaneous tissue with 
the help of the cotter. Silicone drainage 
catheter was placed on each side and fascia 
was sutured one by one with PDS 1/0 without 
the need for additional mesh. Skin closure 
was performed 1–3 days after the fascial 
closure if there was no any infection or 
leakage at the wound side [12]. Drains were 
taken off, if the amount of drainage was <20 
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Table 1:Demographic characteristics of 
patients. 
Patients 

No 
BMI Sex Age 

1. 19.0 M 22 
2. 46.1 F 61 
3. 16.3 F 57 
4. 26.6 M 65 
5. 21.5 M 38 
6. 26.8 M 78 

Table 2:Ethiology and management of OA 
 Ethiology First laparatomy Cause of 

infected OA 
Management of OA

1. Multiple injuries to 
small bowel colon 
and lumbar 
vessels. Gunshot 
wounds 

Partial resection, 
primary repair and 
anastomosis of small 
bowel and sigmoid 
colon resection and 
Hartmann procedureı  

OA with colonic 
fistula with 
generalized 
peritonitis. 

Drainage  
debridman + 
VAC +   
modified ABRA  

2. Strangulated and 
incarcerated giant 
recurrent hernia in 
a morbid obese 
patient (necrosis in 
small bowel)  

Resection and 
anastomosis of small 
bowel+OA with Bogota 
bag. 

Leakage of 
anastomosis and 
generalized 
peritonitis. 

Ileostomi + 
VAC + 
 modified ABRA 

3. Ileus in a patient 
with Abdominal 
Cocoon Syndrome 
related to 
peritoneal dialysis.  

 Brithectomy +Ileostomi Enteric fistula 
and generalized 
peritonitis 

Ileostomi  
VAC +  
modified ABRA 

4. Delayed 
diverticulitis 
perforation and 
generalized 
peritonitis. 

Drainage + debridman 
and Hartmann 
procedure 

Generalized 
peritonitis 

Drainage + 
VAC +  
 modified ABRA 

5. Right Colon Ca 
(GIS bleeding) 

Right hemicolectomy+ 
ileotransverostomy  

Leakage of 
anastomosis+ 
generalized 
peritonitis 

Drainage+ ileostomy 
VAC + modified 
ABRA 

6. Ileus due to 
sigmoid colon ca  

Left hemicolectomy+ 
resection + 
anastomosis 

Leakage of 
anastomosis + 
generalized 
peritonitis. 

Drainage+ 
debridman 
Hartmann procedure 
+ VAC+ modified 
ABRA 

ml. The final step consisted of readjustment of 
ABRA system after fascial and skin closure, 
approximately 1–2 weeks after the closure of 
fascia, if there is no any dehiscence at 

wound, then the tension of ABRA was 
decreased step by step and the anchors of 
ABRA were removed one by one (Figure 
2C,D). 

All data are presented as mean and 
Standard Deviation. 

Result 

Demographic characteristics of six 
severely septic patients with OA were 
summarized in (Table 1). Etiology of first 
laparotomy of patients and cause and 
management of OA were given in (Table 2). 
APACHE II score, the Mannheim peritonitis 
index (MPI) score, Björck OA score at the 
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Table 3: Characteristics of patients 
Patients 

No: 
Apache 
II score 

Mannheim 
peritonitis 

index 
score 

OA score 
according 
to Björck 

 ٭

width of the  
bdominal 

defect, cm 

Fascia 
Score 
 ٭٭

Presence 
of 

colostomy 

Presence 
of fistula 

1 18 33 3 26x18 1 + + 
2 23 43 4 42x50 3 + + 
3 28 37 4 16x12 2 + + 
4 27 28 2b 25x15 1 + - 
5 18 37 4 21x14 2 + - 
6 28 38 3 27x14 1 + - 

 Bjorck classification of the open abdomen: 1A Clean OA without adherence between bowel and abdominal wall٭
or fixity 1B Contaminated OA without adherence/fixity  2A Clean OA developing adherence/fixity 2B Contaminated 
OA developing adherence/fixity 3 OA complicated by fistula formation 4 Frozen OA with adherent/fixed bowel; 
unable to close surgically; with or without fistula OA Open abdomen(14) 
 Fascia condition at the time of ABRA application was staged as a 3-point scale: 1, undamaged; 2, damaged٭٭
and 3,  severely damaged 

Table 4:Timing and duration of VAC and modified ABRA after first laparatomy and 
ABRA related pressure sore severitiy scores 

Patients 
no: 

Duration of 
OA until VAC 
application, 

(days ) 

Duration of  
OA until ABRA 

application, 
(days ) 

VAC 
treatmen

t time 
(days ) 

ABRA 
treatme
nt time 
(days 

Severity score of ABRA 
related Barczak pressure 

sores٭ 
Modified 

ABRA applied 
side 

Classic 
ABRA 
applied 

side 
1. 16 25 39 65 2 2 
2. 7 22 48 60 2 3 
3. 9 21 41 56 2 2 
4. 8 11 18 45 2 2 
5. 11 17 15 48 2 2 
6. 9 13 18 50 2 2 

 Pressure sores were staged according to Barczak et al.; stage 1, skin intact but reddened for greater than 1 h٭
after relief of pressure; stage 2, blister or other break in dermis with or without infection;  stage 3, subcutaneous 
destruction into muscle with or without infection and stage 4, involvement of bone or joint with or without 
infection(16) 

time of first application of VAC dressing were 
documented in (Table 3) [13, 14, 15]. Width of 
the abdominal defect, condition of fascia, 
presence of ostomy and fistula were given in 
(Table 3). Timing  and duration of VAC 
dressing and modified ABRA after first 
laparatomy and ABRA related pressure sore 
severity scores were summarized in (Table 4) 
[16]. The mean length of ICU and hospital 
stay was 11.2±3.6 and 54.0±16.2 
respectively. Mean period of OA until final 
closure was 33±14.7 the mean follow up 
period was 15.7±8.8. There was no mortality. 

Abdominal wall hernia developed in one 
patient who had a very wide necrotizing 
fasciitis at the beginning of the treatment of 
OA. Silicone elastomers of ABRA could not 
be crossed from fascia. There was no need of 
any further reconstructive surgery during 
follow up period. 

Discussion 

Open abdomen is a common and 
compelling strategy applied to many traumatic 
and inflammatory abdominal conditions. 
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Hemodynamic status of the patient, severity 
of peritonitis, degree of adherence or fixity 
between bowel and abdominal wall and 
condition of fascia are some of the complex 
factors influencing the success rate in 
patients with septic OA [17]. 

It was emphasized that patients with a 
Mannheim peritonitis index score of 20 or less 
was related to no mortality, of 21-29 with 
29%, 30 or more with 100% mortality [13, 18]. 
The mean MPI score was 36.0±5.1in our 
study. 

Verdam et al stated that two sided Velcro 
burr or Witmann mesh mediated fascial 
traction methods are suitable in early stages 
and or low grade OA. Mesh could not be used 
in infected OA. Verdam et al have 
emphasized that wound dehishence occurred 
in 2 patients Ramirez component separation 
method was used, one of whom died [1]. 
Therefore, Ramirez’s ‘component separation 
technique’ should not be used as well in 
septic OA. 

Steenvorde showed that use of negative 
pressure as a single method for the treatment 
of open abdomen failed because of the 
retraction of the abdominal muscles [19]. 
Failures and inadequacy of all the mentioned 
methods necessitate the use of combination 
of alternative techniques in septic OA. 

Dynamic wound closure system offers a 
dynamic and continuously adjustable traction 
allowing both expansion and retraction in 
accordance with oscillation of breathing and 
patient movement by preventing further lateral 
retraction of the abdominal muscles and 
fascia [20]. Dynamic wound closure show its 
beneficial effects through multiple 
mechanisms at cellular level. Ott et al showed 
that up regulation occurs in the expression of 
connective tissue growth in cells exposed to 
mechanical stress [21]. It was also 
demonstrated that tensioned fibroblasts 
acquires a proliferative or biosynthetic 
phenotype [22]. It was also demonstrated by 
Langevin et al that fibroblast biosynthesis 
adapts to a proliferative phenotype as a result 
of stretching in mice [23]. 

Delayed primary closure rate in open 
abdomen was reported to be 33%-66% in 
previous studies [24, 25]. Reimer et al 

showed that complete primary closure was 
achieved with ABRA in patients with non- 
gastrointestinal pathology but OA of only 4 of 
10 patients with gastrointestinal sepsis could 
be closed [10, 20]. Verdam et al stated that 
delayed closure was achieved at 88% in 16 
patients within 30 days with ABRA combined 
with VAC dressing or Bogota beg [1]. We 
obtained 100% successful closure rate in our 
case series with our technique combining 
modified application of ABRA and VAC 
dressing. This difference in successful closure 
rates might be caused by the use of only VAC 
dressing in conjunction with ABRA in our 
study on contrary to previous study. We 
speculated that modified application of ABRA 
is best employed in combination with VAC 
dressing in septic OA. 

Verdam et al have found that successful 
closure of OA without hernia was 55% in their 
study while it was 83% in ours. While primary 
abdominal closure was achieved by suturing 
both the fullthickness abdominal layer 
including fascia, muscle, and skin in this 
study, it was accomplished by suturing fascia 
and skin separetely in ours [1]. Elastomers 
were removed 1-2 weeks after fascial closure 
to prevent dehishence of the wound and 
debilitating abdominal wall hernias, since 
fascia is not strong enough thoroughly in 
these patients. 

The development of the pressure sores 
caused by elastomer tensioning is one of the 
significant pitfalls of the system [10, 20]. It is a 
disturbing complication causing pain, 
discomfort and scarring. It was emphasized 
that additional padding of the buttons with 
gauze dressings may prevent the 
development of this complication. Verdam et 
al have found that grade 2 lesions developed 
in 6 of 18 patients. In 3 of these cases, deep 
subcutaneous necrosis developed [1]. In spite 
of the fact that careful and gentle tensioning 
of the elastomers and reduction of the tension 
when required, grade 2 lesion developed in 6 
patients in ostomy side, and grade 2 and 
grade 3 lesion developed in 5 and in 1 patient 
respectively in non-ostomy side of all patients 
in our study (Table.4). 

We use the modified application of ABRA 
dynamic fascial closure technique in order to 
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decrease the cost of the treatment by 
decreasing the number of button anchors to 
half. In our technique, anchors were not 
placed to ostomy side in order to provide 
more space for application of ostomy bag. We 
observed that modified application of ABRA in 
the shape of U, base of which is on the 
ostomy side, provides the optimal use of VAC 
dressing in the patients with ostomies. 

Dynamic wound closure should be applied 
as early as possible after first laparotomy in 
order to achieve faster and higher closure 
rates by preventing the fascial retraction at 
regression of the intraabdominal sepsis. 

Conclusion 

In conclusion, modified application of 
ABRA decreases the cost of the treatment 
and provides more space for placement of 
ostomy bags in patients with ostomies in 
septic OA. 
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