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Time to Terminate Vacuume-assisted Closure and Convert to
Primary Abdominal Closure in Intra-abdominal Sepsis

Intra-abdominal Sepsiste Vakum-yardimli Kapama Sonlandirma ve Primer Abdominal
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ABSTRACT

0z

Introduction: There is no widely accepted surgical technique
in intra-abdominal sepsis and there is also limited data on
available surgical techniques and their outcomes. There is no
significant difference between these techniques. The aim of the
laparotomy, which is performed to control the source of sepsis,
is to reduce mortality. This retrospective study was performed
to investigate daily analysis of the effects of vacuum-assisted
closure (VAQ) on intra-abdominal inflammation, sepsis and
mortality.

Methods: The study included 159 patients who underwent VAC
technique between January 2010 and April 2017. Statistical
analysis of the effects of VAC technique was performed on a
daily basis using APACHE IV score, Mannheim peritonitis index
(MPI) and Sepsis-Related Organ Failure Assessment (SOFA)
score.

Results: VAC changes had a significant effect on APACHE IV
score, MPI and SOFA score (p=0.0001). Although there was no
significant difference in the SOFA scores between the 1 and
2"¢ changes or between the 3 and 4" changes, there was a
decrease in values over time.

Conclusion: In the treatment of abdominal contamination
with sepsis, VAC use had a positive effect on contamination
by decreasing the predicted mortality rate on a daily basis.
Although it had a positive effect on sepsis, the effect of VAC on
sepsis alone was not significant.

Keywords: Vacuum-assisted closure, intra-abdominal sepsis,
controlled exploration, treatment

Amac: intra-abdominal sepsis durumunda yaygin kabul
goren cerrahi teknik yoktur, mevcut teknikler ve sonuglar
hakkinda da sinirli veri bulunmaktadir. Bu teknikler arasinda
anlamli farklilik yoktur. Sepsis kaynaginin kontrolii i¢in yapilan
laparotomilerde amac¢ mortaliteyi azaltmaktir. Bu retrospektif
calisma; vakum-yardiml kapama (VAK) uygulamasinin giinler
bazinda intraabdominal enflamasyona, sepsis tablosuna ve
mortaliteye etkisini arastirmak amaciyla planlandi.

Yontemler: Calismaya 2010 Ocak-2017 Nisan tarihleri arasinda
VAK uygulamasi yapilan 159 hasta dahil edildi. APACHE IV
skoru, Mainhaim peritonit indeksi (MPI) ve Sepsisle ilgili Organ
Yetmezligi Degerlendirmesi (SOFA) skoru kullanilarak VAK
uygulamasinin giinler bazinda etkilerinin istatistiksel analizi
yapildi.

Bulgular: VAK degisimlerinin APACHE IV skoru, MPi, SOFA
degerleri tzerinde anlamli etkiye sahipdi (p=0,0001). SOFA
skorlarinda 1. degisim ile 2. degisim arasinda, 3. degisim ile
4. degisim arasinda anlamli farklilik olmamasina ragmen
degerlerde zamana gore bir azalma vardi.

Sonug: Sepsis tablosuyla kombine abdominal kontaminasyon
tedavisinde, VAK uygulamasinin gitinler bazinda, beklenen
mortalite oranini azaltarak kontaminasyon (zerine olumlu
etkiye sahip oldugu tespit edilmistir. Sepsis tablosuna olumlu
etkisi olmasina ragmen, VAK'nin sadece sepsise lzerine etkisi
anlamli degildi.

Anahtar Kelimeler: Vakum-yardimli kapama, intra-abdominal
sepsis, kontrollii eksplorasyon, tedavi

235

data on surgical techniques and outcomes in cases of intra-abdominal
sepsis, which can be considered a disaster chain (4), and no significant
difference was found between different surgical techniques (5). In the
1990s, Wittmann reported that repeated laparotomies within 48-72
hours in abdominal sepsis reduced the mortality rate from 43% to 28%
compared to that the use of primary abdominal closure (PAC) based on

Introduction

The main objective of damage control surgery is to manage high intra-
abdominal pressure and abdominal contamination, as initially identified
during trauma surgery in cases of intra-abdominal sepsis (1-3). In these

cases, there are no widely accepted surgical techniques. There is limited
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the APACHE Il score (6). The usefulness of the vacuum-assisted closure
(VAQ) system, described in the late 1990s, has been supported by studies
reporting that the system decreased the pressure caused by intra-
abdominal contamination in sepsis; moreover, that the system allowed
determination of postoperative edema and facilitated patient transport.
VAC system also allows patients to remain mobile and enables improved
nursing services (7,8). Nonetheless, there is insufficient data to allow a
complete evaluation of the efficacy of VAC in cases of sepsis caused by
intra-abdominal contamination, as well as the effect on the predicted
survival rate.

In this retrospective study of a large patient cohort, the early effects
of the VAC system on predicted survival rates, peritonitis, and the
severity of sepsis according to the APACHE IV score (it was useful for
quality assessment and predicting mortality in intensive care units),
the Mannheim peritonitis index, and the Sequential Organ Failure
Assessment (SOFA) score were evaluated in cases of intra-abdominal
sepsis.

Methods

The records of 159 patients, who underwent emergency surgery
between January 2010 and April 2017 for acute abdominal conditions,
with subsequent use of VAC due to intra-abdominal contamination
and high pressure, were reviewed. The study protocol was approved by
the Ethics Committee of the istanbul Bakirkoy Dr. Sadi Konuk Training
and Research Hospital (decision no: 2019/245). Informed consent was
obtained from the patients. VAC is an aspiration system that is placed
in the abdominal cavity after exploration under general anesthesia. It is
used for control of intraabdominal pressure and sepsis source. For this
purpose, VAC was performed in patients with anastomotic leak. Daily
changes in APACHE IV, Mannheim peritonitis index (MPI) and SOFA scores
were not investigated in patients with PAC. Patients who underwent VAC
due to trauma, necrotizing fasciitis or Fournier gangrene and patients
who were explored before 72 hours were excluded from this study.

Data on the 1%, 2" 3 and 4" VAC application days were evaluated to
assess early efficacy. VAC system applied following source control was
changed within 72 hours after evaluation of peritoneal contamination,
intestinal edema, hemodynamic instability, and intra-abdominal
compartment criteria.

Table 1. Demographic data of the study

n Age
Large bowel perforation 23 53 (20-84)
Small bowel perforation 20 53 (22-72)
Ischemia/Infarct 18 60 (46-77)
Anastomotic failure 47 60 (20-83)
Abscess 10 56 (36-79)
Necrotizing pancreatitis 4 43 (27-62)
Gastric Perforation 17 54 (19-73)
Biliary complication 20 61 (22-77)
TOTAL 159 55 (19-84)

VAC: vacuum-assisted closure
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On the preoperative day and postoperative 3%, 6™ and 9™ days, patients
with available data on history, age, gender, American Society of
Anesthesiologists score, temperature, heart rate, respiratory rate, Pa0,/
Fi0, mmHg, PO,, PCO,, use of mechanical ventilation, arterial pH, Na+,
platelet count, bilirubin, albumin, hematocrit, leukocyte count, mean
arterial pressure, Glasgow Coma scale score, creatinine, urine output and
preoperative intra-abdominal contamination findings were included in
this study. The effects of VAC application on the predicted mortality rate,
peritonitis findings and sepsis were evaluated on a daily basis according
to the APACHE IV, MPI, and SOFA scores.

Statistical Analysis

Qualitative variables were expressed as frequencies and percentages, and
quantitative variables were expressed as mean and standard deviation.
Repeated measures analysis of variance (ANOVA) was used to detect
temporal changes in the APACHE IV, MPI and SOFA scores. A p-value of
<0.05 was considered statistically significant. Statistical analyses were
performed using Number Cruncher Statistical System 11 software.

Results

The mean age of the patients was 55 years (range: 19-84). The study
included 61 women and 98 men. VAC was used for large bowel
perforation in 23 patients, small bowel perforation in 20, mesenteric
ischemia in 18, anastomotic failure in 47, necrotizing pancreatitis in
four, gastric perforation in 17 and biliary complications in 20 patients
(Table 1).

VAC changes had a significant effect on the APACHE IV score (p=0.0001),
accounting for 89.1% of the variations in the APACHE IV measurements.
The Bonferroni test revealed significant differences between the 1t and
2" changes (p=0.0001), between the 15 and 3™ changes (p=0.0001),
between the 1% and 4" changes (p=0.0001), between the 2" and 31
changes (p=0.0001), between the 2" and 4" changes (p=0.0001), and
between the 3 and 4™ changes (p=0.0001). When the mean values
of the measurements were examined, VAC change was observed to
decrease APACHE IV scores (Table 2).

VAC changes had a significant effect on MPI (p=0.0001), accounting
for 92.2% of the changes in the MPI. There were significant differences
between the 1° and 2" changes (p=0.0001), between the 1%t and 31
changes (p=0.0001), between the 1% and 4" changes (p=0.0001),

Women/Men VAC technic (4 times)
5/18 92

9/11 80

6/12 72

19/28 188

5/5 40

13 16

6/11 68

10/10 80
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between the 2" and 3" changes (p=0.0001), between the 2" and 4™ When the mean values of the measurements were examined, VAC
changes (p=0.0001), and between the 3 and 4" changes (p=0.0001). changes were observed to decrease MPI (Table 3).

Table 2. Assessment of the APACHE 4 score according to time

APACHE 4 Mean + SD Median (maximum-minimum) p* Eta-squared
Day 1 70.97+13.93 67.00 (99.00-42.00) 0.0001 0.891
Day 2 67.49+14.81 64.00 (98.00-40.00) - -
Day 3 60.08+14.67 55.00 (92.00-39.00) - -
Day 4 53.09+14.26 47.00 (90.00-38.00) - -
Bonferroni post-hoc test
p*k* - - -
Day 1/Day 2 0.0001 = = =
Day 1/Day 3 0.0001 - - -
Day 1/Day 4 0.0001 - - -
Day 2/Day 3 0.0001 = = =
Day 2/Day 4 0.0001 - - -
Day 3/Day 4 0.0001 . = .

*ANOVA Test, **Bonferroni Test
SD: standard deviation

Table 3. Assessment of Mannheim peritonitis indices according to time

Mannheim Mean + SD Median (maximum-minimum) p* Eta-Squared
Day 1 37.87£5.57 38.00 (53.00-27.00) 0.0001 0.922
Day 2 32.78+6.46 33.00 (48.00-16.00) - -
Day 3 25.69£6.26 25.00 (39.00-10.00) = =
Day 4 18.01£5.80 17.00 (32.00-3.00) = =
Bonferroni post-hoc test
P ) )
Day 1/ Day 2 0.0001 - - -
Day 1/ Day 3 0.0001 - - -
Day 1/ Day 4 0.0001 - - -
Day 2/ Day 3 0.0001 - - -
Day 2/ Day 4 0.0001 - - -
Day 3/ Day 4 0.0001 - - -

*ANOVA Test, **Bonferroni Test
SD: standard deviation

Table 4. Assessment of SOFA values according to time

SOFA Mean + SD Median (maximum-minimum) p* Eta-Squared
Day 1 1.86+0.79 2.00 (3.00-1.00) 0.0001 0.240
Day 2 1.82+0.87 2.00 (3.00-0.00) -
Day 3 1.40+1.09 1.00 (3.00-0.00) 2 2
Day 4 1.26+1.45 0.00 (4.00-0.00) -
Bonferroni Post-Hoc test
P 3 B
Day 1/Day 2 1.00 - - -
Day 1/Day 3 0.0001 - - -
Day 1/Day 4 0.0001 - - -
Day 2/Day 3 0.0001 - - -
Day 2/Day 4 0.0001 - - -
Day 3/Day 4 0.079 - - -

*ANOVA test, **Bonferroni Test
SD: standard deviation
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VAC change had a significant effect on SOFA scores (p=0.0001),
accounting for 24% of the changes in SOFA measurements. Significant
differences were observed between the 1% and 3" changes (p=0.0001),
between the 1t and 4" changes (p=0.0001), between the 2" and 3™
changes (p=0.0001), and between the 2" and 4" changes (p=0.0001).
No significant difference was observed between the 1°t and 2" changes
(p=1.00) or between the 3 and 4™ changes (p=0.079). Although there
was no significant difference between the 1°'and 2" changes, or between
the 3 and 4" changes, a temporal decrease was observed when the
mean measurement values were examined (Table 4).

Discussion

Intra-abdominal sepsis may gradually progress to severe sepsis, septic
shock and even organ failure in some cases (9). The concept of repeat
laparotomy for the treatment of severe peritonitis has long been
discussed. Although not routinely recommended for intra-abdominal
sepsis in the current guidelines, the open abdominal approach is still
accepted as an important strategy (10). It has been reported that this
approach can provide better source control and enable anastomosis
under better conditions, while also preventing intra-abdominal
compartment syndrome (11-13).

Although studies have reported that negative pressure therapy, which
is commonly used in cases of increased intra-abdominal pressure and
sepsis, is effective in the abdominal wall formation, few studies have
evaluated the effects of this method on intra-abdominal peritonitis
and sepsis. Negative pressure therapy, however, has been reported as a
promising method, particularly in source control (14).

The findings showed that VAC had a positive effect on predicted survival
rates, based on the APACHE IV score, which is used to determine the
predicted survival rate of patients in the intensive care unit. The decrease
in the APACHE IV score was found to be statistically significant (p=0.0001),
and a statistically significant difference was also found between the
APACHE 1V score on the day VAC was applied and on the daily scores
(p=0.0001). Every day of VAC application, the APACHE IV score was
observed to decrease, and thus the predicted mortality rate decreased.

This positive effect of VAC on APACHE IV scores was detected in MPI
(p=0.0001). In particular, VAC application, which had a positive
effect on contamination and intestinal edema, had a positive effect
on MPI (p=0.0001). It is apparent that use of the VAC system for an
open abdominal protocol may have positive effects on peritoneal
contamination and intestinal edema. Our results showed that VAC
application provided good source control.

It was noted that changes in the SOFA score between VAC application
days were not statistically significant, although VAC had a positive effect
on the SOFA score. This finding suggests that VAC application has a
positive effect on the local effects of peritonitis, although the expected
positive systemic effects were not observed at the expected level. VAC
therapy increased peritoneal fluid concentrations of interleukin (IL)-6,
IL-17, IL-5, and human growth factor more than PAC, therefore increased
peritoneal cytokines were found to lead to progression of abdominal
sepsis in a study (15). The application of an abdominal management
method in cases of abdominal sepsis has several advantages, including
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the diagnosis and treatment of residual infections, infection source
control, removal of infected and cytokine-loaded peritoneal fluids,
and prevention of abdominal compartment syndrome, and can serve
as a temporizing measure pending permanent intervention until the
patient is appropriately resuscitated and hemodynamically stabilized
(16). However, our findings suggest that VAC application does not
reduce sepsis control. VAC should be terminated with PAC application
in patients who achieve source control and normalized intra-abdominal
pressure (i.e., as early as possible).

This retrospective study revealed that VAC application for intra-
abdominal sepsis could provide source control, and could reduce the
local effects of contamination, control intra-abdominal pressure, and
simplify patient care. However, it was also found that VAC offers little
promise in the treatment of sepsis. The basic criteria for the termination
of VAC therapy and initiation of PAC should aim to prevent peritonitis
and regression of intestinal edema, and control contamination. In case
of prolonged VAC application, it is believed that peritoneal cytokines will
increase, with a negative effect on sepsis. Inflammatory peritoneal fluid
findings should be investigated in future studies with a larger cohort of
patients. Such an evaluation may validate our findings.

Study Limitations

Limitations of our study was that the effects of VAC system on
mortality could not be completely evaluated as they did not provide
standardization for survival, the effects on APACHE IV, MPI, and SOFA
scores could be assessed within 12 days.

Conclusion

The effects on peritonitis macroscopy and expected mortality rate of
VAC system used in intraabdominal sepsis were evaluated positively.
However, this study defined that the sepsis decreasing effect of VAC was
not sufficient. Improvement of peritonitis macroscopy and regression
of intraabdominal pressure to normal values were the most important
criteria in terminating VAC system and converting to PAC.
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