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Abstract

Background Abdominal Vacuum-Assisted Closure

(V.A.C.) systems for treatment of open abdomens have

been predominantly used for trauma patients with a high

primary fascial closure rate. Use of the V.A.C. technique in

abdominal sepsis is less well established.

Methods All patients with abdominal sepsis and treat-

ment with the abdominal V.A.C. system between 2004 and

2007 were prospectively assessed. End points were fascial

closure, V.A.C.-related morbidity, and quality of life score

(SF-36) at follow-up.

Results Thirty patients with abdominal sepsis were

included in the study. Primary fascial closure was feasible

in 10, partial closure in 4, and no closure in 16 patients.

Median number of V.A.C. changes was 3 (range, 1–10).

Nine patients died. V.A.C.-related morbidity was as fol-

lows: two fistulas, three fascial edge necroses, one skin

blister, and four prolapses of small bowel between the

fascia and foam. Univariate analysis showed no variables

influencing primary closure rate or V.A.C.-related mor-

bidity. Mortality was significantly influenced by age

(P \ 0.001), respiratory failure (P = 0.01), and pneumo-

nia (P = 0.03). At follow-up, V.A.C. patients scored lower

in the physical health scores and similar in the mental

health scores compared with the normal population.

Conclusions Treatment of the open abdomen in patients

with abdominal sepsis with the abdominal V.A.C. system is

safe with good long-term quality of life. Primary closure

rate in these patients is substantially lower than in trauma

patients. Stepwise closure of the fascia during V.A.C.

changes should be attempted to avoid additional lateral

retraction of fascial edges. V.A.C.-related complications

may be avoided with careful surgical technique.

Introduction

In patients with abdominal sepsis delayed abdominal clo-

sure is sometimes necessary, creating an open abdomen or

laparostomy. Massive contamination with the necessity of

repeated abdominal lavage or edema of the bowel due to

high volume fluid therapy in septic patients are common

reasons for delayed abdominal closure [1]. The major

principles in the management of an open abdomen are:

easy access to the peritoneal cavity, prevention of desic-

cation of bowel, minimal further damage to the abdominal

wall and low method-specific morbidity [2–4]. Many dif-

ferent techniques have been described previously, such as

the Bogotá bag, towel packing with or without suction,

mesh, synthetic patches, or a combination of different

techniques [5–8]. Vacuum-assisted closure (V.A.C.) sys-

tems have been predominantly used for treatment of the

open abdomen in trauma patients, especially in abdominal

compartment syndrome [4, 9–13]. Simple and easy appli-

cation, low system-related morbidity, and a high rate of

primary fascial closure are the described main advantages.

The use of V.A.C. in abdominal sepsis not related to

trauma has been less well established. Because trauma
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patients tend to be younger with less comorbidities, the

promising results seen in an injured patient might not be

reproducible in patients with abdominal sepsis caused by a

hollow viscus perforation or pancreatitis [1]. Different

studies have evaluated the use of different types of V.A.C.

systems in patients with nontraumatic open abdomens with

promising results [2, 3, 14–16]. In these studies, primary

fascial closure rates were between 70 and 100 percent, but

the frequency of enterocutaneous fistula development ran-

ged from 4 to 20 percent. To our knowledge, only two

studies had the strict inclusion criteria of abdominal sepsis;

all others included also abdominal compartment syndrome,

which could have biased the results [3, 17].

This study was designed to evaluate the objective and

subjective outcome of the commercially available V.A.C.�

Abdominal Dressing System (KCI International, San

Antonio, TX) in patients with abdominal sepsis. The

V.A.C. Abdominal Dressing System is specifically

designed for the temporary closure of the open abdomen. It

consists of polyurethane foam encapsulated in a perforated,

nonadherent polyethylene sheet and a second, separate

foam with adhesive sheets and a suction device.

Patients and methods

Data of all patients with abdominal sepsis and V.A.C.�

Abdominal Dressing System treatment between 2004 and

2007 were prospectively entered into a database. The cri-

teria to establish the diagnosis of abdominal sepsis were

secondary peritonitis as defined in the 2005 International

Sepsis Forum Consensus Conference with systemic

inflammatory reaction [18–20]. Indication for V.A.C.

System use was massive intra-abdominal contamination

with planned revisional laparotomy and/or inability of

primary closure due to intestinal edema. If feasible, pri-

mary fascial closure was performed and these patients were

not included in the study. No other techniques of abdom-

inal closure were used during that time period. All

surviving patients were planned for a follow-up examina-

tion with quality of life assessment. The study was

approved by the local ethics committee.

Primary outcome was the rate of total or partial primary

fascial closure and the detection of factors predicting

nonclosure. The following variables were analysed: age,

sex, American Society of Anaesthesiology (ASA) score,

body mass index (BMI), origin of abdominal sepsis

(colorectal, small bowel, stomach, unknown), maximal

Mannheim Peritonitis Index (MPI) [21, 22], number of

V.A.C. changes, time after initial operation when abdom-

inal sepsis was under control, and medical morbidity

(pneumonia, respiratory insufficiency, renal insufficiency,

cardiac insufficiency). Secondary endpoints were V.A.C.-

specific morbidity and factors influencing its frequency.

Overall morbidity and mortality also was noted. Quality of

life was assessed with a SF-36 questionnaire. The reference

population were 375 German medical students [23].

Surgical technique

After completing the intra-abdominal part of the operation,

the polyethylene sheet with the encapsulated foam was

shaped into appropriate size. The sheet was designed to

cover the intestine and reach out as far laterally as possible

to envelop the bowel completely. The second polyurethane

foam was cut moderately smaller than the fascial dehis-

cence (1–2 cm less in diameter) to ensure adequate traction

on the fascial and wound edges. The foam, including the

surrounding skin, was then covered with the adhesive tapes

to ensure complete sealing. A 2-cm hole was cut in the

middle of the foam to position the TRAC-PAD� (KCI

International) suction device. After connection to the can-

ister of the vacuum pump, a continuous negative pressure

between 75 and 125 mmHg was established. The amount

of negative pressure was determined by the responsible

surgeon. As a standard, an interval of 48 hours was

determined for revisional surgery with change of the

abdominal V.A.C. If granulation tissue reaction was very

slow and abdominal sepsis under control, abdominal

V.A.C. change intervals up to 72 hours were possible. The

treating surgeon made the decision. Staged closure of the

fascia was performed when feasible, resulting in a smaller

abdominal V.A.C.

When primary closure was deemed not feasible because

of fascial retraction and prolapsing bowel with no further

intra-abdominal revision necessary, an absorbable mesh

(Vicryl�, Ethicon Inc.) was implanted directly on the

greater omentum or the bowel (inlay technique). The mesh

was covered with conventional V.A.C. foam with 50 to

75 mmHg negative pressure. As soon as granulation tissue

was present on the mesh, split skin grafting was performed.

Statistical analysis

Results are expressed as mean ± standard deviation (SD)

or median with range. The influence of the following

variables on primary closure, V.A.C.-specific morbidity,

and mortality was conducted: age, sex, ASA score, BMI,

origin of abdominal sepsis (colorectal, small bowel,

stomach, unknown), MPI index, number of V.A.C. chan-

ges, time after initial operation when abdominal sepsis was

under control, and medical morbidity. Univariate regres-

sion using Fisher’s exact test and v2 test for dichotomous

data and Mann-Whitney U test for continuous data was

performed. Results are shown as odds ratio (OR) with 95%

confidence interval (CI). Statistical analysis was performed
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by using SPSS�, Version 13 (SPSS Inc., Chicago, IL).

Regardless of the statistical tests selected, the level of

significance was defined as P B 0.05.

Results

Between April 2004 and September 2007, 30 patients with

an open abdomen caused by abdominal sepsis were treated

with the V.A.C. Abdominal Dressing System. The descrip-

tive characteristics of the patients are shown in Table 1.

Nine patients died in the hospital, resulting in a mortality of

30%. Origin of sepsis in these patients was as follows: seven

colorectal, one stomach, and one small bowel. In 16 patients

(53%), no closure of the facial defect was possible, in 4

patients (13%) the fascia was closed partially, and in 10

(30%) patients a full closure was feasible. In the 16 patients

without fascial closure, 11 had inlay absorbable mesh

placement and subsequent skin grafting. Five patients died

before closure of the fascia was possible. Median duration of

antibiotic therapy was 23 (range, 8–63) days.

The median number of V.A.C. Abdominal Dressing

System changes in all patients was 3 (range, 1–10). In

patients with primary closure, the median interval between

the first revisional surgery and the complete closure of the

abdomen was 32 (range, 5–81) days. These patients needed

a median of 4 (range, 1–6) V.A.C. changes. In patients for

whom no definite closure was possible, the median interval

between revisional surgery and inlay mesh implantation

was 20 (range, 7–52) days, or 3 (range, 1–5) V.A.C.

changes. V.A.C.-specific morbidity is shown in Table 2.

No variables had a significant influence on V.A.C.-

specific morbidity or primary closure rate in the univariate

analysis. Three variables showed a significant influence on

mortality: age (P \ 0.001), respiratory failure (P = 0.01),

and pneumonia (P = 0.03).

Sixteen patients (53%) had clinical follow-up (median

follow-up interval, 20.1 (range, 5–40) months). Of the

remaining 14 patients, 8 died in the hospital, 1 died during

the follow-up period, 2 refused to attend the follow-up

assessment, and 3 were not assessed because their initial

hospitalization was less than 3 months before follow-up.

Of the assessed patients, 6 had complete primary closure, 4

had partial closure, and 6 underwent no facial closure. Of

the 6 patients with primary closure, 1 developed an inci-

sional hernia. All patients with inlay absorbable mesh and

split skin graft developed incisional hernias. In 7 patients,

incisional hernia repair was performed at time of follow-

up, whereas the remaining 3 were planned for surgery in

the near future. The results of the SF–36 questionnaire are

outlined in Fig. 1. Overall, V.A.C. patients scored in the

four physical health scores, whereas the values in mental

health scores were similar compared with the normal

population.

Table 1 Descriptive characteristics of the patients (n = 30)

Age (yr) 63 (27–86)

Male 21 (70)

ASA 3 (2–4)

BMI 26 (18–36)

Malignancy 6 (20)

Steroids 4 (13)

Origin of sepsis

Colon 21 (70)

Stomach 3 (10)

Small bowel 5 (17)

Unclear 1 (3)

MPI 28 (12–43)

Length of hospitalization (days) 50 (18–101)

Length of ICU stay (days) 7 (1–40)

Data are medians with ranges in parentheses or numbers with per-

centages in parentheses

ASA, American Society of Anesthesiologists; BMI, body mass index;

MPI, Mannheim Peritonitis Index; ICU, intensive care unit

Table 2 V.A.C.-related morbidity

Enterocutaneous fistula 2 (7)

Fascial edge necrosis 3 (10)

Skin blisters 1 (3)

Prolapse of bowel between fascial edge and foam 4 (13)

Data are numbers with percentages in parentheses

SF-36 scores at follow up
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Fig. 1 Results of the SF-36 questionnaire with comparison to a

standardized population [23]
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Discussion

This study was designed to evaluate the primary fascial

closure rate in patients with abdominal sepsis treated with

the V.A.C. Abdominal Dressing System. The overall pri-

mary fascial closure rate was 30%, which is substantially

lower than previously described rates of as much as 100%

[2, 6, 9, 12, 24, 25]. However, all of these studies included

patients with different aetiologies, such as peritonitis,

pancreatitis, trauma, and abdominal compartment syn-

drome. To our knowledge, only two studies assessed

exclusively patients with abdominal sepsis, unfortunately

without any data on primary fascial closure rates [3, 17].

The underlying etiology of the abdominal sepsis correlates

with the primary fascial closure rate with trauma patients

more likely to have the fascia closed [1, 26]. There might

be different reasons for the discrepancy in the fascial clo-

sure results between trauma patients and peritonitis

patients. One might be substantially higher age in

abdominal sepsis, which was median 63 years in this col-

lective, compared with trauma series with a median age

generally younger than 40 years [7, 10, 12]. The lower age

corresponds to less comorbidity, resulting in a higher

potential for a rapid resolution of bowel edema.

Another important reason is the differences in time until

primary closure is feasible. The main indication for

abdominal V.A.C. system in trauma patients is abdominal

compartment syndrome or a damage control situation with

early relaparotomy and definitive repair. In contrast,

patients with severe contamination associated with

abdominal sepsis are likely to require repeated lavages [1,

4, 16, 17]. Ongoing intra-abdominal infection with repe-

ated abdominal washouts prolongs the recovery and delays

definite fascial closure. This results in lateral retraction of

the fascial edges despite the negative pressure of the

V.A.C. system. Primary closure is difficult if treatment

with the open abdomen exceeds 2 weeks [27]. We found it

difficult to avoid the retraction, even if the margins of the

V.A.C. foam were perfectly matched to the fascial margins.

To prevent the retraction, an early closure of the fascia

should be attempted, beginning at the cranial and caudal

ends of the incision, even if ongoing contamination is

present intra-abdominally.

In patients for whom primary closure after V.A.C.

treatment was not feasible, an inlay resorbable mesh was

used to cover the fascial defect. After growth of granula-

tion tissue, split skin grafting was performed. A major

disadvantage of this technique is the development of a

ventral hernia. However, in these severely sick patients we

consider it inappropriate to attempt any primary closure of

the fascial defect with flap or release techniques.

No variables showed any influence on primary fascial

closure rate or V.A.C.-related morbidity. Navsaria et al. [7]

showed a higher rate of primary closure rate in patients

with non-frozen abdomen. Our experience supports this

finding. Patients with delayed closure developed tense

adhesions between small-bowel loops combined with

retraction of the fascial edges.

V.A.C.-specific morbidity was rather low. Two patients

(7%) developed fistulas, which is comparable to the rate in

the literature of 0–20% [7, 10, 11, 14]. The rate of fistu-

lation might be higher in patients with abdominal sepsis

compared with trauma patients. Rao et al [14] described an

enterocutaneous fistula rate of 20% in a group of patients

with predominantly abdominal sepsis and concluded that

V.A.C. dressings should be used with caution in patients

with abdominal sepsis. Other authors supported this con-

clusion [28]. However, the fistulas might not have been

caused by the V.A.C. system or the negative pressure itself

but rather by manipulation of the surgeon during dressing

changes. V.A.C. system changes in patients with abdomi-

nal sepsis and associated fragile bowel should be

performed by an experienced surgeon.

Other V.A.C.-related complications were necrosis at the

fascial edges, blister under the adhesive tape, and pro-

lapsing small bowel between the V.A.C. edge and the

fascial/skin edge. Necrosis needing debridement might not

be related to the V.A.C. itself but rather caused by ischemia

or ongoing infection of the fascial edges. Blisters occurred

in one patient and might be related to tension between the

skin and the adhesive tape. Prolapsing small bowel might

be caused by technical error or increasing abdominal

pressure. This condition made it mandatory to perform the

V.A.C. change earlier than planned. Although the V.A.C.

foam should be cut a little smaller than the wound size to

ensure adequate traction of the fascial edges, having foam

that is too small might allow the bowel to prolapse between

the foam and the fascial edges. Prolapse also can be caused

by a too small polyethylene sheet, which happens espe-

cially in a frozen abdomen where tense adhesions between

bowel loops and the abdominal wall make it difficult to

cover the entire bowel. In our view, the majority of the

mentioned V.A.C.-related complications may be avoided

by correct surgical technique.

At the time of follow-up, the majority of patients were

surprisingly satisfied with the result. Although physical

health was still impaired, mental health scores were similar

compared with the reference population. These findings

correlate with Perez et al. [15], which to our knowledge is

the only other study to assess quality of life after treatment

of left open abdomen with the abdominal V.A.C. system.

One possible explanation for the high SF-36 scores may be

the fact that these patients were grateful to survive

their severe illness. Because overall numbers at time of

follow-up were small, we did not compare quality of life

scores between patients with primary closure and patients
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with mesh/skin graft closure. All patients with mesh/skin

graft closure had incisional hernias, forcing them to

undergo elective hernia repair. Only one of six patients

with primary closure developed an incisional hernia. Pri-

mary closure at the time of initial treatment should be the

major goal in these patients.

All seven patients with incisional hernia underwent repair

using a VIPROTM (Ethicon, Switzerland) mesh in sublay

position. We chose an interval between the primary hospi-

talization and the hernia repair of 6 months or more to

ensure that all inflammatory changes had settled and the

patient had recovered fully. Hernia repair was feasible in all

patients. Dissection of the skin graft from the bowel or intra-

abdominal adhesions did not cause any technical problems.

Some limitations need to be mentioned. The primary

aim was the evaluation of the commercially available

V.A.C. Abdominal Dressing. When primary fascial closure

was not possible, the V.A.C. system was used. This is not a

comparative study with other closure techniques in the

setting of abdominal sepsis. Therefore, no conclusions

concerning the superiority of the system in comparison to

other techniques can be made. To answer the question

about which of the different techniques is optimal in

patients with abdominal sepsis, a prospective randomized

trial is warranted.

Conclusions

Treatment of the open abdomen in patients with abdominal

sepsis with the abdominal V.A.C. system is safe with good

long-term quality of life results. Primary closure rate in

these patients is substantially lower than reported in trauma

patients. Stepwise closure of the fascia during V.A.C.

changes should be attempted to avoid additional lateral

retraction of fascial edges. V.A.C.-related complications

may be avoided with careful surgical technique.
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