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AbstrAct:   Aim: To investigate the effects of vacuum-assisted closure (VAC) vs. relaparotomy on demand (ROD) onto the i) severity 
and course of disease, ii) surgical outcome, iii) intraperitoneal bacterial load as well as iv) local/systemic inflammatory and 
immune response in postoperative secondary peritonitis.

  Methods: Over a defined time period, all consecutive patients of the reporting surgical department with a secondary 
peritonitis (assessed by Mannheim’s Peritonitis Index [MPI] and APPACHE II score) were enrolled in this systematic unicenter 
clinical prospective observational pilot study. Patients were subclassified into VAC or ROD group according to surgeon’s 
individual decision at the time point of primary surgical intervention with the intent to sanitize the source of infection. Early 
postoperative result was assessed by 30-d and in-hospital mortality. Bacterial load was characterized by microbiological 
culture of intraperitoneal fluid collection obtained on postoperative days (POD) 0 (primary surgical intervention), 1,4,7,10,13 
and following description of the microbial spectrum including semiquantitative assessment of bacterial load. Local/systemic 
inflammatory and immune response was determined by ELISA-based analysis of CrP, PCT and the representative cytokines 
such as TNF-α/IL-1α/IL-6/IL-8/IL-10 of serum and peritoneal fluid samples. 

  results: Over a 26-month investigation period, 18 patients (male:female=9:9) were eligible for study criteria: n=8 were 
enrolled in the VAC and n=10 in the ROD group. With regard to early postoperative results represented by mortality, there 
is no significant difference between both patient groups. Despite the relatively low number of cases enrolled, a tendency for 
more severe findings associated with the VAC group could be detected based on the MPI score. There was also a tendency for 
higher APACHE II scores in the VAC group from the 7th POD on and, in addition, patients of this group had a longer hospital 
stay. For patients with persisting infection, there were no relevant differences comparing VAC therapy and ROD. Cytokines 
released in particular at the beginning of the inflammation cascade with proinflammatory characteristics showed higher 
values within the peritoneal fluid whereas CrP and PCT were found to be higher within the serum samples. 

  conclusion: Comparing data of various local/systemic inflammatory and immune parameters, there were only a few correlations. 
This may indicate compartmentation of the inflammatory process within the abdominal cavity. Based on the observed inter-
individual variation of this pilot study data, the clinically applicable benefit appears questionable. In this context, reliable effects 
of VAC therapy on the reduction of bacterial burden within the abdominal cavity could not clearly be detected.
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IntroductIon

Secondary peritonitis is the most common type of peritonitis ac-
counting for approximately 80% of cases. Postoperative seconda-
ry peritonitis is one of the most severe nosocomial infections and 
a specific complication following surgery of the gastrointestinal 
(GI) tract. In spite of advances in diagnostics and therapy, perito-
nitis is characterized by considerable morbidity and mortality [1]. 
Surgical management is based on:

•	 elimination of infectious source,
•	 reduction of bacterial load within the abdominal cavity,
•	 improvement of persisting as well as prevention of 

recurrent infection.  

A considerable amount of intraabdominal infections cannot be cu-
red by a single surgical intervention. This leads to development of 
tertiary peritonitis in up to 20% of cases. Three basic surgical ap-
proaches have been established for further surgical management 
after initial surgical intervention:

•	 planned relaparotomy,
•	 relaparotomy on-demand (ROD,)
•	 open abdomen treatment. 

 
However, neither of these procedures could be proved with cle-
ar and convincing superiority but there is a tendency to use open 
abdomen for management of most severe cases [2]. 

This might result from imminent abdominal compartment syndro-
me or impossibility to close the abdominal cavity. This treatment 
is usually accompanied by at least a temporary or partial abdomi-
nal closure. A variety of procedures has been published such as:

•	 Wittmann-patch,
•	 dynamic retention suture,
•	 vacuum-assisted closure (VAC) therapy, 

which show the most favorable results [3, 4]. However, selection 
of a specific procedure should also be based on the institutional 
level of experience [5].    
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Outcome parameters were:

•	 length of stay on ICU and within the hospital,
•	 30-day as well as in-hospital mortality. 

Open abdomen therapy was applied at first operation for perito-
nitis. After control of infectious source and extensive lavage, tem-
porary abdominal closure using the Abdominal Foam Dressing 
and an Info V.A.C. system (Kinetic Concepts, Inc. San Antonio/
TX, U.S.A.) was performed. Wound dressing was changed under 
general anesthesia every 3 days accomplished by a final rinsing 
using diluted betaisodona solution (dilution, 1:5) until closure of 
the abdominal wall or death. Every surgery included lavage and, if 
possible, reduction of the wound area using sutures.

For relaparotomy on-demand (ROD) as control, the abdominal 
wall was closed after control of infectious source and extensive 
lavage using two continuous sutures (peritoneal suture using Vi-
cryl 1 [Johnson & Johnson Medical GmbH, Ethicon Deutschland, 
Norderstedt, Germany], and facial suture using PDS 1 [Johnson & 
Johnson Medical GmbH, Ethicon Deutschland, Norderstedt, Ger-
many]). Skin was closed using staples followed by a sterile wound 
dressing. Intraabdominal drains were removed if the amount of 
peritoneal fluid was less than 20 ml over 24 hours.

Following the guidelines for observational studies, assignment to 
VAC therapy or ROD resulted from the decision of the responsi-
ble surgeon without influence of the study team.

Sampling
Blood samples and samples of intraperitoneal fluid collections 
were obtained for up to 14 days. 

Samples from intraperitoneal fluid collections were gained from spe-
cial canisters (V.A.C. canister without gel - Kinetic Concepts, Inc. 
San Antonio/TX, U.S.A.) at 6:30 a.m. on postoperative day 1, 4, 7, 
10 and 13. In the ROD group, samples were gained from Robinson 
drains and their collection device. Collection time period was 12 ho-
urs. Fluid samples were collected using 2 sterile 10-mL monovettes. 

Blood was withdrawn from intraarterial line or central venous line. 
These samples were also taken at 6:30 a.m. on postoperative day 1, 
4, 7, 10 and 13. Until laboratory processing, samples were stored 
at 4°C. Half of the peritoneal fluids was used for microbiological 
analysis. The other half of peritoneal fluids as well as blood sam-
ples were centrifuged at 3,000 rounds per minute for 5 min and, 
subsequently, stored at minus 21°C for further processing.

Analysis of cytokines
For determination of cytokines from plasma and peritoneal fluids, 
commercially available ELISA kits were used. For IL-1ß, tumor ne-
crosis factor (TNF)-α, IL-6 and IL-8, kits from R&D Systems, Inc. 
(Minneapolis/MN, U.S.A.) and for IL-10, kits from Milena Biotec (Bad 
Nauheim, Germany) were used. Optic extinction was detected using 
Dynatech ELISA-reader MR 5000 (Dynatech, Guernsey, Channel 
Islands) and subsequently concentration was calculated in pg/mL. 

The CrP, procalcitonin (PCT) and white blood cell count (WBC) 
were determined using daily routine laboratory analyses as provi-

The pathology of peritonitis is primarily caused by direct toxic ef-
fects of pathogens and host reaction of activating inflammatory 
mediators. TNF-α is one of the earliest released proinflammatory 
cytokines. It also stimulates expression of other proinflammatory 
(IL-6) and anti-inflammatory cytokines (IL-10). In particular IL-10 
plays an important role in downregulation of TNF-α. Overexpres-
sion of proinflammatory or underexpression of anti-inflammatory 
cytokines contribute to the provoked course of early septic disease 
and septic death [6]. Several studies could demonstrate higher cy-
tokine levels in peritoneal fluid compared to serum cytokine levels 
[7–11]. This may indicate a barrier function of the peritoneum.

There is a lack of data on the effects of VAC therapy in seconda-
ry postoperative peritonitis on bacterial load and cytokine levels. 
Therefore, this study aimed to analyze the effects of VAC therapy 
compared with ROD for secondary postoperative peritonitis on the:

•	 surgical outcome,
•	 relation between local and systemic cytokine levels, 
•	 change of bacterial load within the abdominal cavity. 

MAterIAl And Methods

Patients

Over a 2-year period, all consecutive patients of the Department 
of General, Abdominal, Vascular and Transplant Surgery of the 
University Hospital at Magdeburg (Germany) were screened for 
enrollment in this systematic unicenter clinical prospective obse-
rvational pilot study representing clinical practice. 

Eligibility criterion was occurrence of secondary postoperative pe-
ritonitis following abdominal surgery not longer than 3 weeks ago. 

Exclusion criteria were the occurrence of severe coagulation di-
sorders and patient’s age < 18 years. Patient characteristics inclu-
ded ID number, age at hospital admittance, sex, underlying surgi-
cal disease and urgency of primary surgery (elective, emergency). 

Secondary peritonitis was defined as detected bacterial infection 
of the abdominal cavity caused by anastomotic leakage, bowel 
perforation, mesenteric ischemia, infected tumor necrosis, he-
matoma or pancreatitis. 

Peritonitis was classified by the responsible surgeon in relation to 
the distribution (local or diffuse) and quality of exsudate (fibrino-
us, fibrinous-purulent, purulent, faecal and bile).

Severity of disease was estimated using:

•	 Acute Physiology and Chronic Health Evaluation Score 
(APACHE II) [12],

•	 Mannheim’s Peritonitis Index (MPI) [13].  

APACHE-II score was calculated on postoperative day 1, 4, 7, 10 
and 13. MPI was calculated at initial operation for secondary po-
stoperative peritonitis as appropriate.

Postoperative treatment was conducted on the surgical intensive 
care unit of the reporting surgical department (a fully equipped 
12-bed ICU).
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Statistics

Statistical analyses were performed using SPSS® 18 for Windows® 
(IBM Corporation, Chicago/IL, U.S.A.) and Microsoft Excel 2010 
(Microsoft Corporation, Redmond/WA, U.S.A.). Descriptive stati-
stics were calculated as frequency, mean with standard deviation, 
median with 25th and 75th percentile, minimum and maximum. 
Normality distribution was determined using the Shapiro-Wilk-
-normality test. Correlation between categorical variables of pa-
tient groups was evaluated using the Fisher’s exact test. Parametric 
variables were compared using the two-sample t-test for unequal 
variances. For non-parametric variables, Mann-Whitney’s U-test 
was applied. Pearson’s correlation test was used for measurement 
of a linear relation between two factors as appropriate. Statistical 
significance was defined as a two-tailed P value of ≤ 0.05.

Statement
The study was performed according to the

•	 Guidelines of the “Declaration of Helsinki for Biomedical 
Research from 1964”, its up-

•	 dates and further regulations,
•	 policy of the institutional Ethic Committee  (and)
•	 principles of “Good Clinical Research and Practice”. 

 
Furthermore, the study was officially approved by the Ethics Com-
mittee and registered (No. 45/05).

Data were anonymized for analysis.

results

Patients

Over a 26-month time period, 18 patients were enrolled in the stu-
dy, 8 patients were allocated to the VAC group, the remaining 10 
patients to the control group (further characteristics, see Table I).

ded by the Institute of Clinical Chemistry and Pathobiochemistry 
(Division of Laboratory Diagnostics).  

In assays exceeding standard measurement range, the samples were 
diluted and the measurement was repeated. All measurements 
were performed twice. In case of unexpected results, a third me-
asurement for control was carried out. 

According to the manufacturer, sensitivities for the various assays 
were < 0.3 mg/l for CrP, < 0.3 ng/ml for PCT, < 1.6 pg/ml for TNF-α, 
< 1.0 pg/ml for IL-1β, < 9.38 pg/ml for IL-6, < 15.6 pg/ ml for IL-8, 
< 3.0 pg/ml for IL-10, and < 0,1 x 103/μl for WBC. 

Microbiological analysis
Peritoneal fluid samples were collected on postoperative day 1, 4, 
7, 10 and 13 in a 10-ml sterile monovette.

For aerobic pathogens, Columbia- and McConkey plates (Becton 
Dickinson, Heidelberg, Germany) were inoculated. They were in-
cubated at 37°C for 24-48 hours. After 24 hours, first semi-quanti-
tative reading was performed. Differently shaped colonies were spe-
cified using Gram-staining, isolated and incubated for another 24 
hours. Then, they were biochemically identified using specific test 
kits (Phoenix TM Panels) with the BD Phoenix TM 100 (Becton, 
Dickinson and Company, Sparks/MD, U.S.A.). For differentiation of 
Candida-species, CHROM-Agar-plates (Becton Dickinson, Heidel-
berg, Germany) were used. Due to different pigment formation, C. 
albicans, C. glabrata, C. krusei, and C. tropicalis could be identified. 

For anaerobic pathogens, Schaedler-plates (Becton Dickinson, 
Heidelberg, Germany) were used and stored in a specific incuba-
tion board (Scholzen-Technik, Kriens, Switzerland) for 48 hours. 
All colonies displaying different morphology were inoculated on 
Columbia plates and again incubated for 48 hours. 

For biochemical identification, biochemical test kits (rapid ID 32 A, 
bioMérieux SA, Marcy-l’Etoile, France) were used. Bacterial load was 
determined by serial dilutions of the intraperitoneal fluid samples.

Fig. 1.  Inflammatory parameter such as IL-1β out of the VAC group comparing the 
compartmental peritoneal fluid (“Peritoneal”) and blood serum (“Serum”); 
median with 25th and 75th percentile; Pearson‘s correlation  R=0.94 (P=0.022).

Fig. 2.  Inflammatory parameter such as IL-8 within the serum comparing patients 
from the ROD and VAC groups; median with 25th and 75th percentile; 
– Pearson‘s correlation R=1 (P=0.003).
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gher serum levels of CrP and PCT. In the peritoneal fluid, higher 
levels were found for TNF-α, IL-1β, IL-6, IL-8, and IL-10, com-
pared to serum levels. With exception of CrP and PCT, inflam-
matory parameters had a higher interindividual variability in the 
peritoneal fluid. A linear correlation between serum and perito-
neal levels was only found for IL-1β (Pearson’s correlation R=0.94, 
P=0.022) as shown in Fig. 1.

The comparison of laboratory parameters and the clinical course 
displayed no linear correlations between inflammatory parameters 
in the peritoneal fluids or blood serum and the APACHE II score. 

Inflammatory parameters and APACHE II score comparing 
the VAC and ROD group  
As stated above within the “Patients and methods” section, only 
patients with persisting peritonitis were included in the analysis. 
Therefore, the number of patients for the comparison of groups 
was for the VAC group on d1 n=8, on d4 n=8, on d7 n=7 and for 
the ROD group on d1 n=10, on d4 n=6, on d7 n=4. Taken toge-
ther, there was no significant difference within APACHE II scores 
between the two groups.  

Serum levels of analyzed parameters were not statistically different 
between groups on d1, d4 or d7. A linear correlation was found 
for serum IL-8 in VAC and ROD patients (Pearson’s correlation 
R=1, P=0.003) (Fig. 2). 

As found for the serum levels, within peritoneal fluid, the levels 
of analyzed inflammatory parameters did not differ statistically 
significantly comparing the VAC with the ROD group. High in-
ter-individual differences caused a wide overlap of the 25th and 
75th percentile. A linear correlation was only found for peritoneal 
TNF-α (Pearson’s correlation R=0.99, P=0.016) (Fig. 3).

Microbiological analysis of peritoneal fluid samples of VAC group
In the microbiological analysis of intraoperative intraabdominal 
samples and samples from postoperative peritoneal fluid collec-
tions from VAC canisters, 16 different pathogens were isolated. 
The highest variety of pathogens was displayed in intraoperative 
samples. In two patients, up to four different pathogens could be 
found. The mean number of isolates was reduced during the tre-
atment course (2.5 [SD ± 1.3] to 1.1 [SD ± 0.8] pathogens per pa-
tient). However, in some patients a change of pathogens and incre-
ase of number of different isolates was found (Table II and Fig. 4).

dIscussIon 

To our knowledge, there are no prospective studies investigating 
the effects of VAC therapy in postoperative peritonitis on local and 
systemic changes of inflammatory markers and microbiological 
pathogens. To fill this gap, this study was conceptually planned 
and initiated. However, because of substantial logistic efforts and 
financial burden to initiate such a study, a rather small number of 
enrolled patients of the present investigation can be classified as 
setting of a pilot study. 

There were no significant differences in urgency of operation, cause 
and spread of peritonitis, or APACHE II score on first postoperative 

With regard to early postoperative results, overall there seems to 
be no significant difference comparing both patient groups, except 
for hospital stay (Table I).

MPI was used to compare severity of peritonitis between the groups. 
For VAC patients, a tendency for higher MPI scores was found (VAC: 
34 [SD ± 7.0]; ROD: 27.1 [SD ± 7.2]; P=0.058 – two-sample t-test). 

Inflammatory parameters and APACHE II score in the VAC group
The comparison of local (peritoneal compartment) and systemic 
inflammatory parameters (serum) in the VAC group displayed hi-

Fig. 3.  Inflammatory parameter such as TNF-α within the peritoneal fluid comparing 
patients from the ROD and VAC groups; median with 25th and 75th percentile; 
– Pearson‘s correlation R=0.99 (P=0.016).

Fig. 4.  Microbiological spectrum and relative portion of isolates (nTotal=82; range, 
2-18) in the VAC group related to the postoperative day.
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•	 Firstly, factors that affected the surgeon’s decision to open 
abdomen and vacuum therapy had prognostic value.

•	 Secondly, open abdomen therapy is a risk factor itself. 
 
Interestingly, beginning with POD 7, VAC patients displayed si-
gnificantly higher median APACHE II scores. This was most likely 
due to persistent or recurrent peritonitis and associated compli-
cations. There is little proof that VAC therapy itself might be the 
reason for this. A review by Jannasch et al. demonstrated intraab-
dominal abscesses in 2.1–21% of patients for open abdomen tre-
atment. There were no significant differences between different 
procedures of temporary abdominal closure [14]. In this context, 
there is no convincing data on the role and impact of the duration 
of persisting peritonitis for open abdomen therapy. One of the 
most important aspects is the effectiveness of the initial surgery 
measures such as first abdominal lavage and infectious control. 

Next, with regard to microbiological situation, persistent patho-
gens may occur in open abdomen treatment as well as in a prima-
rily closed abdomen. In this context, it is well known that by now, 
studies could not prove an effective reduction of microbes in wo-
unds using VAC therapy [15, 16].  In addition, negative effects of 
open abdomen therapy have been also published [2, 14, 17]. Du-

day between groups, therefore comparability of the two patient gro-
ups as subclassified appears to be reasonable. However, the choice 
of the surgical approach using either VAC or ROD by the respon-
sible surgeon might depend on other factors too. This comprises:

•	 intraoperative circulation,
•	 estimated duration of surgical intervention,
•	 creation of an anastomosis or an enterostomy,
•	 possibility to close the abdominal wall (as well as),
•	 probability of abdominal compartment syndrome. 

 
Part of this might be reflected by MPI, which has been appropria-
tely established and validated in peritonitis for years [13]. The-
re was a statistical tendency for worse scores in the VAC group 
(P=0.058). This seems to reflect a selection of patients with a more 
severe peritonits to VAC therapy, which might be interpreted as a 
weakness of the study design; however, consecutive study patients 
were recruited from clinical practice.

Even though mortality was equal in both groups, VAC patients had 
longer treatment duration on the ICU and overall in hospital, as 
well as higher APACHE II scores on POD 7, 10 and 13 (Table I). 
This might be explained in two ways:

tab. I.  Patients’ characteristics and comparison of study groups

Issue rod group VAc group p VAlue

Patient No. (n) 10 8 –

Age (years) 64.8 (± 13.2) 66.0 (± 7.8) –

Sex (n)
Female
Male

5
5

4
4

–
–

Urgency of primary 
surgical intervention (n)

7 (70%) elective
3 (30%) emergency

5 (62.5%) elective
3 (37.5%) emergency

n.s. **
n.s. **

Cause of peritonitis (n)
– Anastomotic leackage
– Isolated perforation of the intestine
– Mesenteric ischemia
– Intestinal fistula
– Infected tumor necrosis
– Infected hematoma

6 (60%)
2 (20%)
2 (20%)
–
–
–

3 (37.5%)
2 (25.0%)
--
1 (12.5%)
1 (12.5%)
1 (12.5%)

n.s. **
n.s. **
n.s. **
n.s. **
n.s. **
n.s. **

Extend of peritonitis (n) 5 (50%) local
5 (50%) diffuse

3 (37.5%) local
5 (62.5%) diffuse

n.s. **
n.s. **

Qualitative assessment of peritonitis (n)
– Fibrinous
– Fibrinous-purulent
– Purulent
– Stoolish
– Biliary

1 (10%)
3 (30%)
2 (20%)
3 (30%)
1 (10%)

–
5 (62.5%)
1 (12.5%)
1 (12.5%)
1 (12.%)

n.s. **
n.s. **
n.s. **
n.s. **
n.s. **

Hospital stay (d [SD]) 38.9 (± 25.2)
Range: 9–78 d

125.1 (± 71.6)
Range: 18–226 d

P = 0.012 *

ICU stay (d) 20 (±20.5) 46.1 (±32.1) P = 0.051 *

APACHE-II score
1st POD
4th POD
7th POD
10th POD
13th POD

18.3 ± 6.3
17.4 ± 8.5
25.3 ± 2.9
22.0 ± 2.6
20.5 ± 4.9

22.4 ± 6.8
23.3 ± 7.9
21.5 ± 7.2
21.7 ± 7.3
22.8 ± 2.5

n.s. *
n.s. *
n.s. *
n.s. *
n.s. *

30-d mortality 1 (10 %) 0 n.s. **

Hospital mortality 2 (20%) 2 (25%) n.s. **

Specific aspects
(mean [range])

No. of  drainages
1.7 (1–3)

No. of VAC changes
6.6 (2–19)

/

Statistical data as mean ± standard deviation (SD); * two-sample t-test for unequal variances, ** Fisher’s exact test ; n.s. = not significant
ROD – Relaparotomy on demand, VAC – Vacuum-assisted closure therapy, ICU – Intensive care unit, POD – postoperative day
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considered a limitation of the study. For instance, Gadzhiev de-
tected a correlation of IL-6 levels within blood, serum and peri-
toneal fluid with the severity of disease in 60 patients with gene-
ralized peritonitis [23]. Gukasjan et al. found a predictive value 
of several markers for complications and death using univariate 
analysis in 91 patients with secondary peritonitis: procalcitonin 
(Odds ratio [OR]: 3.2), IL-6 (OR: 2.8), CrP (OR: 1.3) and white 
blood cell count (OR: 1.4). Using multivariate analysis, none of 
the investigated markers was found to be an independent pre-
dictor for lethality [24]. Martineau et Shek reported higher levels 
of IL-1 in non-surviving animals using a rat model of peritoni-
tis [25]. Riché et al. detected the highest cytokine plasma con-
centrations in most severely ill patients but this was not reflec-
ted by cytokine concentrations within the peritoneal fluid [26]. 
In addition, Haecker et al. did not find a correlation of the pro-
-inflammatory cytokine level and the clinical course in children 
with peritonitis [11].  

In summary, compartmentation of the inflammatory process ne-
eds to be seriously considered. However, it still remains unclear 
how far this knowledge can be used for an individual clinical dia-
gnostic work-up and what the value is for prognostic assessment.

Inflammatory parameters comparing the two patient groups
For the comparison of patient groups, only data obtained from pa-
tients with persistent peritonitis were analyzed. This ensured that 
the severity of peritonitis was comparable. For three time points, 
there was no statistical difference between the patient groups with 
regard to APACHE II scores. This may indicate – in case of persi-
sting peritonitis – that there are similar clinical courses indepen-
dently of the therapeutic approach (VAC or ROD). Serum concen-
trations of inflammatory parameters did not show any significant 
linear correlation between the groups. Because of the low number 
of patients and the considerable inter-individual heterogeneity of 
data, a clear concluding statement was not possible, which led to 
a further limitation in data interpretation.

For the time course of TNF-α concentrations within peritoneal 
fluid, there was a significant linear correlation between the VAC 
and ROD group. Possibly, induction of inflammation is very simi-
lar in both patient groups characterized by the primary marker 
TNF-α (prior to initiation of therapeutic procedures such as VAC 
and ROD). Thereafter, inflammation cascade seems to follow in-
dividual specifics but, again, the low number of patients limits the 
ability of a final statement. However, comparative data on this qu-
estion, in particular, comparing VAC therapy with other options of 
peritonitis treatment, cannot be found in the literature.

Microbiological findings
A convincing positive effect of VAC therapy regarding the substan-
tial reduction or even elimination of pathogens out of the wound 
has not been found yet. In an animal study, Morykwas et al. were 
able to detect microbial reduction for staphylococcus [27]. A pro-
spective randomized study in 54 patients resulted in a reduction of 
Gram-negative but increase of Gram-positive microbes [15]. There 
was no association between VAC therapy and bacterial clearan-
ce in acute and chronic wounds as Weed et al. described it in 25 
and Braakenburg et al. in 65 patients [16, 28]. Studies on bacterial 
clearance by VAC therapy for open abdomen are not available. 

ring the early postoperative course, balance of minerals and body 
fluids, respiration and mobilization of patients were impaired. This 
might lead to a prolonged recovery of patients and other compli-
cations. There are no data available so far whether ROD, with tru-
ly comparable patients, would lead to better treatment outcome. 

Comparison of local and systemic inflammatory markers in 
the VAC group
We found higher levels of pro-inflammatory cytokines such 
as TNF-α, IL-1β, IL-6 and IL-8 as well as for IL-10, a rather 
anti-inflammatory cytokine and opponent, in peritoneal flu-
id compared to serum levels. This is consistent with other fin-
dings, even though the difference within serum levels was less 
pronounced [7–10].  

High concentrations of TNF-α and IL-8 within the peritoneal fluid 
can be most likely explained by their release from local macropha-
ges and endothelial cells. However, other interleukins are released 
by more distant cells (IL-1β from monocytes, IL-6 from hepato-
cytes and renal cells and IL-10 from monocytes and lymphocytes) 
and reach the abdomen via blood stream and access the abdominal 
cavity via transposition out of the vessel [18–21].

For CrP and PCT, serum levels were higher compared to perito-
neal fluid. The release of CrP is triggered by IL-6 in the liver, that 
of PCT is actuated by leukocytes [21, 22]. Interestingly, both mar-
kers have not been analyzed in other studies concerning mediator 
release in peritonitis [11, 23, 24].

With exception of IL-1β, there was no linear correlation of local 
and systemic levels in the treatment course. Therefore, local and 
systemic inflammation might be controlled in different ways. In 
this context, intraabdominal infection regularly leads to fibrinous 
compartmentation of the abdominal cavity. Thus, a more locally 
pronounced inflammation seems reasonable and possible.

Since individual concentrations show substantial variations, the 
relative increase and decrease of the concentrations were com-
pared and related to the APACHE II scores for patients with 
persistent peritonitis. A common tendency for pro- and anti-in-
flammatory parameters could not be found neither within the 
peritoneal fluid nor within the serum. This can indicate a great 
variation with regard to the individual infectious course. Howe-
ver, genrally, the number of patients is too small, which can be 

tab. II.  Number of microbiological isolates (nTotal=82; range, 2-18) in the VAC group 
(patients, n=8)

pAtIent IntrAoperAtIVe 
swAb

postoperAtIVe dAy Σ
d1 d4 d7 d10 d13

1 4 4 1 1 4 1 15

2 3 2 2 3 2 1 13

3 3 3 1 1 1 1 10

4 2 1 1 2 1 0 7

5 0 1 0 0 0 1 2

6 2 2 2 1 1 1 9

7 4 3 3 3 2 3 18

8 2 2 1 1 1 1 9

In total 20 18 11 12 12 9 82
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of the abdominal cavity does not correlate with the clinical co-
urse of peritonitis [17]. 

conclusIon

The choice of the surgical approach seems to correlate with data 
from the medical history and local intraoperative finding. Despi-
te the low number of cases enrolled in this study, a tendency for 
more severe findings associated with the VAC group could be de-
tected based on MPI data. As a result, there was also a tendency 
for higher APACHE II scores in the VAC group from the 7th POD 
on and the patients of this group had a longer hospital stay. Con-
sidering, in particular, the patients with persistent infection, there 
were no relevant differences comparing VAC therapy and ROD. 

Comparing various local and systemic inflammatory parameters, 
there were only a few correlations found. This may indicate a com-
partmentation of the inflammatory process within the abdominal 
cavity. Markers released, in particular at the beginning of the in-
flammation cascade, showed higher values within the peritoneal 
fluid, whereas CrP and PCT were found to be higher within the 
serum. Based on the observed inter-individual variation of the 
data, the clinically applicable benefit appears questionable at this 
time point. In addition, a reliable influence of VAC therapy on suf-
ficient reduction of bacterial burden within the abdominal cavity 
could not be confirmed.

Further systematic investigation with greater numbers of patients is 
needed to clarify more precisely the initial results of this pilot study.
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For patients who underwent VAC therapy, there was a decrease 
in the number of isolates. In all patients, a broad-spectrum anti-
biotic therapy was indicated as appropriate and initiated. In ad-
dition, an abdominal lavage was performed every 3 days during 
the planned change of the vacuum dressing within the operating 
room accomplished by a final rinsing using diluted betaisodona 
solution (dilution, 1:5). A distinct discrimination of the real cause 
of reduction of microbiological isolates between antibiotic thera-
py, effects of abdominal lavage and possible effects of VAC thera-
py was not possible. 

Based on the type of VAC therapy (coverage by a semipermeable 
foil) and its effect mechanism (exudate removal from the wound 
surface), it was anticipated that recontamination of the wound was 
hindered. During the study period, the colonization of novel micro-
bes within the abdominal cavity could be detected. For wounds of 
the extremities, the skin, fat tissue and muscles, microbial reservoir 
of the skin can be considered the primary source for re-infections. 
Re-infections by foreign bodies or via hematogenic spread occur 
more rarely. In contrast, for infections of the abdominal cavity, the 
GI tract can be considered the main source. KISS data, in particu-
lar those on the operating room, show a distinct difference within 
the microbial spectrum comparing surgical interventions of ab-
dominal surgery, vascular surgery, trauma surgery and orthopedic 
surgery [29–31]. Whether the change of the microbial spectrum 
can be related to external or internal re-contamination, cannot be 
clarified by this study. In addition, due to the most likely semi-qu-
antitative type of analysis, it cannot be reliably stated either whe-
ther there was a real reduction of microbial burden.

cytoKInes

The impact of bacterial contamination of the abdominal cavity on 
induction of a variety of cytokines can be considered sufficiently 
verified [18–21]. In addition, it has been reported that enterococ-
ci can induce greater amplitudes of TNF-α concentrations than 
other pathogens [32]. On the other hand, the microbial burden 
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