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Abstract

Background The best surgical strategy for the manage-
ment of perforated diverticulitis with generalized peri-
tonitis of the sigmoid colon is not clearly defined. The aim
of this retrospective cohort study was to evaluate the value
of a damage control strategy.

Methods All patients who underwent emergency laparo-
tomy for perforated diverticular disease of the sigmoid
colon with generalized peritonitis between 2010 and 2015
were included. The damage control strategy (study group),
included a two- stage procedure: limited resection of the
diseased colonic segment, closure of proximal colon and
distal stump, and application of an abdominal vacuum at
the initial surgery followed by second-look laparotomy
24-48 h later At this point a choice was made between
anastomosis and Hartmann’s procedure. The control group
consisted of patients receiving definitive reconstruction
(anastomosis or Hartmann’s procedure) at the initial
operation.
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Results Thirty-seven patients were included in the study.
Damage control strategy was applied in 19 patients and the
control group consisted of 18 patients. Both groups were
comparable in terms of demographics, severity of peritonitis,
and comorbidities. The overall postoperative mortality was
11 % (n = 4). There were no statistically significant dif-
ferences between both groups regarding postoperative
morbidity and mortality; however, a significantly higher
proportion of patients in the control group had a stoma after
the initial hospital stay (83 vs. 47 %, p = 0.038). This dif-
ference was still significant after adjustment for sex, age,
Mannheim Peritonitis Index, American Society of Anes-
thesiologists class and presence of septic shock at presen-
tation. At the end of the follow-up period, 15 of 17 survivors
in the study group and 13 of 16 survivors in the control
group had their intestinal continuity restored (p = 0.66).
Conclusions Damage control strategy in patients with
generalized peritonitis due to perforated diverticulitis leads
to a significantly reduced stoma rate after the initial hos-
pital stay without an increased risk of postoperative
morbidity.

Keywords Perforated diverticular disease - Damage
control surgery - Peritonitis

Introduction

The majority of patients with acute diverticular disease are
treated conservatively. However, perforated diverticular dis-
ease complicated by generalized peritonitis remains a chal-
lenging and life-threatening condition leading to emergency
surgery in most cases. Unfortunately, there is no clearly
established treatment algorithm for this patient population.
Resection of the affected bowel segment followed by an end

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10151-016-1506-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10151-016-1506-7&amp;domain=pdf

578

Tech Coloproctol (2016) 20:577-583

colostomy (Hartmann’s procedure) and primary anastomosis
with/without defunctioning ileostomy are the strategies still
used by most surgeons [1]. However, reversal of the end
colostomy is accompanied by a significant risk of postoper-
ative adverse events [2, 3]. Intestinal continuity can only be
restored in 50-70 % of patients treated with Hartmann’s
procedure [2]. Nevertheless, Hartmann’s procedure remains
the most common surgical treatment for patients with acute
perforated diverticulitis, particularly in cases of fecal peri-
tonitis [3-5]. Several studies have analyzed the role of pri-
mary anastomosis versus Hartmann’s procedure. No
significant differences regarding postoperative morbidity and
mortality were shown in the majority of these trials. However,
patients with primary anastomosis were significantly younger,
Hinchey scores and peritonitis stages were lower and the
operation was done by experienced surgeons [1] in some of
these studies. The only prospective randomized trial, con-
ducted by Oberkofler et al. [4] compared Hartmann’s proce-
dure to primary anastomosis with defunctioning ileostomy.
The authors demonstrated that primary anastomosis was not
inferior to Hartmann’s procedure; yet, all patients received a
stoma using either one of these approaches. A damage control
strategy was recommended by some authors for patients with
perforated diverticular disease complicated by generalized
peritonitis [6-9]. A detailed analysis was reported by a study
group from Innsbruck, Austria [6, 7]. Damage control strategy
is a two-step approach consisting of limited resection of the
perforated bowel segment, blind closure of the proximal
colonic segment and distal stump and temporary abdominal
closure followed by definitive reconstruction 24-48 h later.
During the second operation, Hartmann’s procedure or an
anastomosis is performed depending on patients’ overall and
local conditions. Intestinal continuity was restored in 76 % of
patients at as part of the initial treatment and in 93 % of
patients by the end of the follow-up in the study from Inns-
bruck, and the mortality rate was 9.8 % [6, 7]. Thus, the
proportion of patients with restored intestinal continuity after
their initial hospital stay seems to be considerably higher after
damage control surgery than in most studies on patients with
diverticulitis with generalized peritonitis treated with colonic
resection. The damage control approach was introduced in our
department in 2010; however, some surgeons still adhered to
primary definitive surgery during the study period. Therefore,
we were able to compare damage control to the conventional
strategy in the present retrospective analysis.

Materials and methods
Thirty-seven consecutive patients who underwent emer-
gency laparotomy for perforated sigmoid diverticulitis with

generalized peritonitis between January 1, 2010, and April
30, 2015, were included in the present study.
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The severity of peritonitis was measured using the
Mannheim Peritonitis Index (MPI). The MPI is a specific
scoring system for assessment of peritonitis prognosis
including age, gender, organ failure, presence of cancer,
duration of peritonitis, involvement of colon, extent of
spread and character of the peritoneal fluid. The MPI has
been shown to be highly accurate in predicting individual
outcome and is superior to the APPACHE II-Score
[10-12].

The term “postoperative intraabdominal septic compli-
cations” was used for anastomotic leak, intraabdominal
abscess, intestinal fistula. “Wound complications” was
used for abdominal wound dehiscence and superficial
wound infection. Postoperative complications were graded
according to the Clavien-Dindo classification [13]. Post-
operative complication rate, length of hospital stay and
number of procedures performed were calculated both for
the initial hospital stay and as a sum of two hospital stays
when patients were discharged with a stoma (ileostomy or
colostomy) and underwent restoration of intestinal conti-
nuity later.

Surgical technique

The respective surgical procedure was determined by the
treating surgeon. The damage control strategy (study
group) included a two-stage procedure: limited resection of
the perforated colonic segment, closure of the colon
proximally and distally, peritoneal lavage, and temporary
abdominal closure by negative pressure wound therapy in
the course of initial surgery, followed by planned rela-
parotomy 24-48 h later. At that point the decision about
reconstruction (anastomosis F ileostomy or Hartmann’s
procedure) was made according to the patient’s general
condition and persistence of peritonitis. A primary anas-
tomosis without defunctioning ileostomy was the preferred
method of reconstruction; however, in case of persistent
severe peritonitis and/or septic shock, Hartmann’s proce-
dure was performed. For negative pressure wound therapy,
a vacuum-assisted closure system was used (VAC, KClI,
San Antonio, Texas, USA). After covering all intraab-
dominal structures with the greater omentum as far as
possible, the intraabdominal part of the VAC-system was
placed in the abdominal cavity. It was covered by a fen-
estrated non-adhesive interface layer to prevent intraab-
dominal damage. A non-covered foam was placed
subcutaneously as a second layer and sealed by an adhesive
film (Figs. 1, 2). After completion of the dressing, con-
tinuous negative pressure (—125 mmHg) was applied. In
the control group, a definitive reconstruction, Hartmann’s
procedure or primary anastomosis (with/without defunc-
tioning ileostomy), was performed during initial surgery.
Laparotomy was used in all cases. Laparoscopic lavage
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was not performed during the study period. The splenic
flexure was not routinely mobilized. In case of primary
anastomosis, no washout was performed and an end-to-end
double-stapled colorectal anastomosis was fashioned in all
patients.

Statistical analysis

The Mann—Whitney U test was applied in the case of non-
normal distribution for continuous variables. Comparisons
between patient groups were made using Fisher’s exact test
for categorical variables. Factors potentially affecting the
risk of hospital discharge with a stoma (ileostomy or
colostomy) were included in a multivariate analysis using a
stepwise logistic regression model. The Kaplan—Meier
method was used for survival analysis.

Results

Between February 2010 and April 2015, 37 patients (M:F
15:22) underwent emergency sigmoid resection for gener-
alized peritonitis due to perforated diverticular disease.
Mean age at the time of surgery was 67.4 years (range
33-85 years). There were 7 patients with fecal peritonitis
and 30 patients with purulent peritonitis. The MPI average
was 18.6 (range 6-35). The anesthesiological risk was
classified as American Society of Anesthesiologists (ASA)
I in 2 patients, as ASA II in 8 patients, as ASA III in 23
patients and as ASA IV in 4 patients. Nine patients pre-
sented with signs of septic shock at the time of surgery.
Overall postoperative mortality was 11 % (n = 4).
Nineteen patients (study group) underwent damage
control surgery and primary definite surgery was performed
in 18 patients (control group). There were no statistically
significant differences between both groups at baseline
(Table 1). The procedures were performed by 16 different

Fig. 1 The intraabdominal part of the vacuum-assisted closure
(VAC) system placed in the abdominal cavity

Fig. 2 Assembly of VAC dressing completed

surgeons: 10 surgeons, accounting for 14 operations, per-
formed only one of the two procedures and 6 surgeons
accounting for 23 operations performed both procedures.
An end colostomy was formed at planned relaparotomy in
4 of 19 patients (two of whom died), and an anastomosis
was created in the 15 remaining study group patients
(Fig. 3). A defunctioning ileostomy was formed in 4
patients and a further patient received a defunctioning
ileostomy because of an anastomotic leakage. A Hart-
mann’s procedure was performed in 14 of 18 patients in the
control group (two of whom died); a primary anastomosis
was created in 4 patients. A defunctioning ileostomy was
formed in 1 of the latter. Table 2 demonstrates outcome
differences between both groups during the initial hospital
stay. There were no statistically significant differences
between both groups regarding postoperative morbidity
and mortality; however, a significantly higher proportion of
patients in the control group had a stoma (83 vs. 47 %,
p = 0.038) at the end of the initial hospital stay. This
difference was still significant after adjustment for poten-
tial confounding factors (sex, MPI, ASA class and presence
of septic shock at presentation).

All 33 survivors were followed up (Fig. 4). In the study
group, stoma reversal was performed in 5 of 7 patients
discharged from the hospital with a stoma. Two patients
did not undergo stoma reversal due to significant comor-
bidities. Stoma reversal was performed in 11 of 13 patients
discharged from hospital with a stoma in the control group.
However, one of the latter patients received a stoma again
to treat a postoperative anastomotic leak. In 2 patients, the
end colostomy was not reversed due to significant comor-
bidities. There were no additional deaths in either group
during the follow-up period. Table 3 shows differences
between the groups at the end of the follow-up period.
There were no statistically significant differences between
the groups regarding combined postoperative morbidity,
length of hospital stay and proportion of patients with a
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Table 1 Baseline
characteristics of patients
undergoing emergency surgery

for perforated diverticulitis with
generalized peritonitis

Variable Study group Control group P
N=19 N=18

Age, years, median 72.6 70.8 0.64
Male sex 6 (32 %) 9 (50 %) 0.32
Mannheim Peritonitis Index, median 16 17 0.94
Fecal peritonitis 2 (11 %) 5 (28 %) 0.23
ASA 1I-IV 15 (79 %) 12 (67 %) 0.48
Septic shock at presentation 5 (26 %) 4 (22 %) 1.0

ASA American Society of Anesthesiologists

Fig. 3 Flow chart of treatment
at the first hospitalization for
perforated diverticular disease
and diffuse peritonitis

Perforated sigmoid diverticuliis
with generalzed peritonitis
N=37

— ~

Damagecontrol surgery

Definitesurgery

N=19 N=18
Hartmann’s Anastomosis Hartmann’s Anastomosis
procedure N=15 procedure N=4
N=4 (lleostomy n=4, N=14 (lleostomy n=1)
Ileostomy for
Death n=2 anastomotic leak n=1) Death n=2
Patients with stoma® n=9 Patientswith stoma® n=15

¢ -including patients who died

stoma at the end of the follow-up period. However, the
interval between stoma formation and stoma reversal was
significantly shorter in the study group than in the control
group (median 1.9 months vs. median 4.5 months,
p = 0.013).

Discussion

We adopted the damage control strategy in 2010 after a
thorough description of the technique was published by
Perathoner et al. [7]. Between 2010 and 2015, 37 patients
underwent surgery for perforated diverticulitis with gen-
eralized peritonitis. Nineteen of were treated using damage
control strategy. Significantly more patients were dis-
charged from the hospital with restored intestinal conti-
nuity, and the interval between stoma formation and stoma
reversal was significantly shorter in the study group than in
the control group. When the damage control strategy was
used the overall number of operations, the length of
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hospital stay, the overall complication rate, the rate of
abdominal wall complications and mortality did not
increase.

Despite its frequency, the surgical therapy for perforated
diverticulitis complicated by generalized peritonitis has not
yet been standardized. Surgical options are Hartmann’s
procedure and primary anastomosis with or without
defunctioning ileostomy. Numerous retrospective studies
have demonstrated non-homogeneous results. Data from a
prospective randomized trial by Oberkofler et al. [4]
showed that primary anastomosis with defunctioning
ileostomy was superior to Hartmann’s procedure regarding
the rate of final restoration of intestinal continuity, peri-
operative complications, overall length of hospital stay and
costs. On the other hand, a randomized trial conducted by
Binda et al. [14] resulted in similar stoma closure rates in
the Hartmann’s and defunctioning ileostomy groups.
However, suggested advantages of primary anastomosis
should be interpreted carefully due to selection bias in
some studies [15].
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Table 2 Oqtcome dlffere.nces Variable Study group Control group )4
between patients undergoing
N=19 N=18
damage control surgery (study
grou.p). as Cqmpared to pe.ltlents Duration of surgery, min, mean (£SD) 96 (£42) 120 (£55) 0.16
receiving primary definitive : L
surgery (control group) Overall postoperative complication rate 6 (32 %) 7 (39 %) 0.73
Postoperative intraabdominal septic complications 15 %) 1 (6 %) 1.0
Wound complications® 4 (21 %) 4 (22 %) 1.0
Grade of complications
Clavien—Dindo | 1 0
Clavien-Dindo II 0 0
Clavien-Dindo III 3 5
Clavien-Dindo IV 0 0
Clavien-Dindo V 2 2
Postoperative length of hospital stay, median (range) 18 (3-37) 18.5 (9-70) 1.0
Length of stay in ICU, median (range) 2 (0-17) 4 (0-26) 0.59
Stoma at the end of hospital stayb 9 (47 %) 15 (83 %) 0.038
Number of operations performed median (range) 2 (1-8) 2 (1-6) 0.08
In-hospital mortality 2 (10.5 %) 2 (11 %) 1.0

ICU intensive care unit, SD standard deviation

* A sum of superficial surgical wound infections and abdominal wound dehiscence

® Dead or alive

Fig. 4 Flow chart depicting
follow-up data of patients
treated for acute perforated
diverticular disease with diffuse
peritonitis. Only survivors of the
initial hospital stay were
included in the present diagram

Survivors of first surgery for
perforated diverticulitis

T

Damagecontrol surgery
N=17

Definitesurgery
N=16

Y

y

N=7

Patients with stoma after 1* hospital stay

Patients with stoma after 1* hospital stay

<\

Reversed
N=5

N=13
No reversal Reversed | [ Noreversal Failed reversal
N=2 N=10 N=2 N=1

Patientswith stoma at follow up® n=2

Patientswith stoma at follow up® n=3

¢ - patients who died excluded

During the past two decades, laparoscopic lavage has
gained increasing popularity [16, 17] in the treatment of
patients with perforated diverticular disease. A systematic
review by Toorenvliet et al. [18] showed successful treat-
ment by laparoscopic lavage in 95.7 % of 231 patients
(Hinchey II: n = 44, Hinchey III: n = 178, Hinchey IV:
n = 8). The mortality rate was low : 1.7 %. An elective
resection of the sigmoid colon was performed later in 87 %

of patients. Angenete et al. [19] first demonstrated the
feasibility of laparoscopic lavage for patients with purulent
peritonitis in a prospective randomized trial (DILALA-
Trial). Morbidity and mortality were the same as in patients
undergoing Hartmann’s procedure. Recently, results of 2
prospectively randomized trials were published. The
Scandiv Trial and the LOLA-section of LADIES trial
compared laparoscopic lavage with sigmoidectomy in
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Table 3 Outcome differences between patients undergoing damage control surgery (study group) as compared to patients receiving primary

definitive surgery (control group) at the end of the follow-up

Variable Study group Control group 4
N=19 N=18

Combined overall postoperative complication rate® 7 (37 %) 8 (44 %) 0.89
Combined intraabdominal septic complication rate® 1 (5 %) 3 (17 %) 0.34
Combined abdominal wall complication rate® 4 (21 %) 5 (28 %) 0.47
Combined postoperative length of hospital stay, median (range)® 22 (3-47) 35 (9-125) 0.19
Combined number of performed surgeries, median (range) 3 (1-8) 3 (1-10) 0.80
Stoma at the end of follow—upb 2 of 17 (12 %) 3 0of 16 (19 %) 0.66
Interval between stoma formation and closure, median (months) 1,9 4,5 0.013

* A sum of the initial and surgery for stoma reversal

" Only for patients alive at the follow-up

patients with purulent perforated diverticulitis. Both trials
demonstrated non-superiority of laparoscopic lavage. The
reoperation rate was significantly increased in the laparo-
scopic lavage group in the Scandiv Trial, whereas the
mortality and high morbidity rate did not decrease. Also,
the LOLA-arm was closed by the safety monitoring board
due to an increased event rate in the lavage group. The
analysis of included patients showed a significant increase
of reinterventions, both in short- and long-term follow-up
[20-22]. However, most failures in the lavage group were
due to a false differentiation between purulent and feculent
peritonitis and due to missed colorectal cancer. Thus, there
still might be an indication for laparoscopic lavage in
carefully selected patients with Hinchey III stage diver-
ticular disease. Also, combination of both procedures,
laparoscopic limited resection and lavage followed by
laparoscopic formation of an anastomosis 24-48 h after
initial surgery, might be a promising alternative for some
patients.

Damage control strategy combines all requirements of
the emergency setting: short operation time, clearance of
the primary septic focus, improved selection of patients
able to undergo a primary anastomosis. Kafka-Ritsch et al.
[6] reported a restoration of the intestinal continuity in
76 % of their cases which is similar to our findings. Eighty-
eight percent (15 of 17) of survivors in the damage control
surgery group had their intestinal continuity restored at the
end of the follow-up in the present study. Taking the
severity of the disease into account, these are favorable
results.

Key limitations of the present study are its retrospective
character and the small number of patients. Both groups
were comparable in terms of demographics and disease
severity; however, a selection bias cannot be definitely
ruled out. There were a larger number of patients with a
fecal peritonitis in the control group although statistical
significance was not reached. Only further studies
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comparing the damage control surgery and conventional
surgery could show whether our findings and the findings
of Innsbruck group [6, 7] would be confirmed in a
prospective randomized trial.

Conclusions

Damage control strategy is a promising concept for patients
in need of primary resection for perforated diverticulitis
complicated by generalized peritonitis. It provides fast
clearance of the septic focus during the initial operation
and can be applied to patients with fecal peritonitis.
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