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Abstract
Introduction Damage control surgery (DCS) is the classic approach to manage severe trauma and has recently also been
considered an appropriate approach to the treatment of critically ill patients with severe intra-abdominal sepsis. The purpose
of the present review is to evaluate the outcomes following DCS for Hinchey II–IV complicated acute diverticulitis (CAD).
Methods A comprehensive systematic search was undertaken to identify all randomized clinical trials (RCTs) and observational
studies, irrespectively of their size, publication status, and language. Adults who have undergone DCS for CAD Hinchey II, III,
or IV were included in this review. DCS is compared with the immediate and definitive surgical treatment in the form of HP,
colonic resection, and primary anastomosis (RPA) with or without covering stoma or laparoscopic lavage. We searched the
following electronic databases: PubMedMEDLINE, Scopus, and ISI Web of Knowledge. The protocol of this systematic review
and meta-analysis was published on Prospero (CRD42020144953).
Results Nine studies with 318 patients, undergoing DCS, were included. The presence of septic shock at the presentation in the
emergency department was heterogeneous, and the weighted mean rate of septic shock across the studies was shown to be 35.1%
[95% CI 8.4 to 78.6%]. The majority of the patients had Hinchey III (68.3%) disease. The remainder had either Hinchey IV
(28.9%) or Hinchey II (2.8%). Phase I is similarly described in most of the studies as lavage, limited resection with closed blind
colonic ends. In a few studies, resection and anastomosis (9.1%) or suture of the perforation site (0.9%) were performed in phase I
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of DCS. In those patients who underwent DCS, the most common method of temporary abdominal closure (TAC) was the
negative pressure wound therapy (NPWT) (97.8%). The RPA was performed in 62.1% [95% CI 40.8 to 83.3%] and the 22.7%
[95% CI 15.1 to 30.3%]: 12.8% during phase I and 87.2% during phase III. A covering ileostomy was performed in 6.9% [95%
CI 1.5 to 12.2%]. In patients with RPA, the overall leak was 7.3% [95% CI 4.3 to 10.4%] and the major anastomotic leaks were
4.7% [95% CI 2.0 to 7.4%]; the rate of postoperative mortality was estimated to be 9.2% [95% CI 6.0 to 12.4%].
Conclusions The present meta-analysis revealed an approximately 62.1% weighted rate of achieving GI continuity with the DCS
approach to generalized peritonitis in Hinchey III and IV with major leaks of 4.7% and overall mortality of 9.2%. Despite the
promising results, we are aware of the limitations related to the significant heterogeneity of inclusion criteria. Importantly, the low
rate of reported septic shock may point toward selection bias. Further studies are needed to evaluate the clinical advantages and
cost-effectiveness of the DCS approach.

Keywords Diverticular perforation . Diverticular peritonitis . Damage control surgery

Introduction

Surgical source control is one of the oldest concepts in the man-
agement of intra-abdominal sepsis (IAS): “Ubi pus ibi evacua”.
In 1889, before the advent of antibiotics, Mikulicz outlined the
surgical approach to IAS: early emergency laparotomy, explora-
tion, and washout [1]. During the next century, this became the
accepted dogma among emergency surgeons. In 1926, using the
same principles, Kirschner demonstrated a decrease in the mor-
tality rate from 90 to 49% [2]. Today, timely surgical interven-
tion, aggressive source control, antibiotics, supportive therapies,
and intensive care remain the critical principles in the manage-
ment of generalized peritonitis due to IAS [3]. Despite many
advances, IAS is still associated with high mortality, mainly
when associated with septic shock in frail patients [4, 5].
Similar to the management of severe trauma, early surgical treat-
ment of generalized peritonitis is time-dependent and is vital to
survival [6]. Damage control surgery (DCS) is the classic ap-
proach to managing severe trauma and is defined as an “abbre-
viated” laparotomy, intensive care unit (ICU) management, and
planned reoperation for definitive repair (laparotomy, washout,
resection of diseases segment, temporary abdominal closure, sta-
bilization in ICU, reoperation with either end colostomy or anas-
tomosis) [7, 8]. The aim is to avoid the so-called lethal triad of
hypothermia, acidosis, and coagulopathy [9, 10]. More recently,
DCS has also been considered an appropriate approach to the
treatment of critically ill patients with severe IAS [11]. The 2016
World Society of Emergency Surgery (WSES) conference paper
stated that “Damage control surgery strategy may be suggested
for clinically unstable patients with diverticular peritonitis (severe
sepsis/septic shock)” (1B recommendation) [4]. An additional
potential benefit of DCS in IAS could be a reduction in the rate
of Hartmann’s procedure (HP) and stoma formation [12].

Only a few authors have reported their experience with DCS
in the treatment of diffuse peritonitis secondary to complicated
acute diverticulitis (CAD) with extreme heterogeneity in the se-
lection criteria and surgical techniques. A systematic review from
2014 reported that DCS was exclusively applied in CAD with
septic shock or those requiring vasopressors intraoperatively.

However, the authors failed to evaluate whether any physiolog-
ical parameters (e.g., APACHE and Physiological and Operative
Severity Score for the Enumeration of Mortality and Morbidity
(POSSUM)) were used to select the patients for DCS [13]. The
purpose of the present review is to evaluate the outcomes follow-
ing DCS for Hinchey III and IV CAD.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines were followed [14].

Types of studies This review included randomized clinical
trials (RCTs) and observational studies, both comparative
and non-comparative studies, irrespectively of their size, pub-
lication status, and language.

Types of participants Adults who have undergone DCS for
CAD Hinchey II, III, or IV were included in this review.

Types of interventions The DCS is compared with the imme-
diate and definitive surgical treatment in the form of HP, co-
lonic resection, and primary anastomosis (RPA) with or with-
out covering stoma or laparoscopic lavage.

Types of outcome measures Septic shock, anastomosis, over-
all leak, major leak, covering stoma, HP, and mortality.

Exclusion criteria were previous reviews, meta-analyses,
editorials, letters, and abstracts.

The protocol of this systematic review and meta-analysis
was published on Prospero (CRD42020144953).

Search methods for identification of studies

A comprehensive systematic search was undertaken to identi-
fy all relevant studies and articles regardless of language or
publication status (published, unpublished, and ongoing). We
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searched for a wide range of databases and other sources to
identify all relevant studies. We searched the following elec-
tronic databases with search strategies (SDC 1) without any
language or publication restrictions: PubMed MEDLINE
(2000 to 13 March 2020); Scopus (2000 to 13 March 2020);
and ISI Web of Knowledge (2000 to 13 March 2020).

We searched the following websites of registers of clinical
trials: http://www.controlled-trials.com and https://
clinicaltrials.gov/ (accessed on 13 March 2020) for ongoing
trials on the topic of interest. We manually checked the
reference lists of all included studies to identify any
additional studies.

Searching other resources

We performed a search of relevant studies on conference proceed-
ings, theses, and published abstracts reported on Google Scholar.

Selection of studies

Two authors (RC and GP) reviewed the titles and abstracts of all
reports of all the studies identified independently. The full text of
studies that possibly fulfill the inclusion criteria was obtained. Any
disagreements were resolved by discussion among authors.
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Fig. 1 PRISMA flow diagram of study search
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Data extraction and management

Two authors (RC and GP) extracted the data independently.
Any disagreements were resolved by a consensus meeting
with a third review author (GT). A data extraction form was
used to collect information such as trial characteristics (year of
publication, country of the study, methodological quality
items of the study), participant characteristics, intervention
characteristics, comparator characteristics, and outcome
characteristics.

Assessment of risk of bias in included studies

Two authors (RC, GP) assessed the potential risk of bias for
each trial. The methodological quality for the RCT was eval-
uated using the Cochrane “risk of bias” assessment tool for
RCTs [15]. RCTswere considered to be at high risk of bias if a
high risk was scored in one or more of the critical domains.
The comparative non-randomized studies of interventions
(NRSI) were evaluated with “Risk Of Bias In Non-
randomized Studies of Interventions” (ROBINS-I) scoring
system, which is a new tool for assessing the risk of bias
[16], and the analysis of non-comparative studies was per-
formed using the MINORS [17].

Results

The PRISMA flow diagram shows the study search activities
performed (Fig. 1). We identified 207 studies using database
searches, and four additional records were identified through
other sources. After removing duplicates, 74 citations were
screened, of which 51 were excluded based on title and ab-
stract. Full texts were obtained and reviewed for the remaining
23 studies. One ongoing study (NCT04220840, first posted at
January 7, 2020, with the title “The Damage Control Strategy
for the Treatment of Perforated Diverticulitis of the Sigmoid
Colon With Diffuse Peritonitis”) [18] and thirteen studies
were excluded based on reasons listed in the SDC 2
[19–31]. Nine studies were included in this systematic review
and meta-analysis [32–40].

The NCT04220840 is an ongoing study, first posted at
January 7, 2020, with the title “The Damage Control
Strategy for the Treatment of Perforated Diverticulitis of the
Sigmoid Colon With Diffuse Peritonitis.” It is a retrospective
multicenter transnational study which intends to compare a
large cohort of patients with perforated diverticulitis, treated
by DCS or other approach (Hartmann’s resection, lavage, pri-
mary anastomosis). Currently, seven centers from Gemany,
Austria, and Italy agreed to take part. A positive vote of the
ethics committee was obtained in August 2020 and data col-
lection started in September [18]. The study is open for addi-
tional centers who are interested to include patients. Ta
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Statistical analysis

A meta-analysis of the rates of seven important indicators,
septic shock, anastomosis, overall leak, major leak, covering
stoma, HP, and mortality, was conducted. Data from studies
were pooled, and weighted mean with a 95% confidence in-
terval (CI) has been calculated for each of the included indi-
cators. Cochrane’s Q test and I2 statistics have been used to
define statistical heterogeneity. I2 statistics measures the pro-
portion of total variation of the respective indicator observed
over the studies attributable to differences and specifics be-
tween them. In case of significant statistical heterogeneity
(when I2 > 75%), a binary random-effects model for pooling
the data about the respective indicator has been employed.
Otherwise, when significant statistical heterogeneity has not
been presented, a fixed-effects model has been applied for the
respective indicator.

Results

In total, nine studies are found to fulfill the inclusion criteria
(Table 1). One RCT [32], three prospective observational

studies [36–38], and five retrospective observational studies
[33–35, 39, 40]. All studies were performed in Central Europe
[33, 34, 37–40]/Italy [35, 36] and published between 2008
and 2020.

Description of the studies A detailed description of the char-
acteristics of the included patients and the DCS technique
used is presented in Table 1 and SDC 3. In total, 358 patients
treated between 2002 and 2018 were enrolled in the nine stud-
ies, and 318 of these, undergoing DCS, were included in this
review. The mean age was between 65 (30–90) years onmales
and 70.1 (30–92) years on females. The mean BMI was re-
ported only from one study at 28.42 ± 3.3 [35]. Six studies
reported an ASA score of 3 or more in 88.4% of patients, and
the mean MPI (Mannheim Peritonitis Index) was between 16
and 26.2. The presence of septic shock at the presentation in
the emergency department was reported in 91 patients. The
majority of the patients had Hinchey III (217 patients, 68.3%)
disease. The remainder had either Hinchey IV (92 patients,
28.9%) or Hinchey II (9 patients, 2.8%) disease (Table 1).

Quality assessment of the included studies The only includ-
ed RCT showed an “unclear risk of bias” in random

Table 4 Summary of the statistical analysis (Fixed-Effect and Random Models)

Outcome Estimate (weighted mean) Lower bound – Upper bound
(95% Confidance interval)

Std.Error P value Heterogeneity

Q (df=5) Het.p-
Value

I2

Septic shock 0.351 [-0.084; 0.786] 0.222 0.114 2029.6 < 0.001 100%

Anastomosis 0.621 [0.408; 0.833] 0.108 < 0.001 118.1 < 0.001 95%

Overall leak 0.073 [0.043; 0.104] 0.016 < 0.001 6.4 0.265 22%

Major leak 0.047 [0.020; 0.074] 0.014 < 0.001 1.951 0.856 0%

Covering stoma 0.069 [0.015; 0.122] 0.027 0.012 40.3 < 0.001 85%

Hartmann’s procedure 0.227 [0.151; 0.303] 0.039 < 0.001 15.492 0.017 61%

Mortality 0.092 [0.060; 0.124] 0.016 < 0.001 13.169 0.040 54%

Table 3 Complication in patients underwent colonic resection and primary anastomosis

Resection and
primary anastomosis

Overall leak Major leak Minor leak Reintervention
for leak: ileostomy

Reintervention
for leak: colostomy

Kafka-Ritsch 2020 11 0 0 0 0 0

Gasser 2019 46 10 NR NR NR NR

Brillantino 2019 24 1 1 0 0 1

Tartaglia 2019 24 NR 1 0 0 1

Sohn 2018 62 8 6 0 3 3

Sohn 2016 15 1 1 0 1 0

Kafka-Ritsch 2012 35 5 3 2 2 3

Perathoner 2010 9 1 1 0 0 1

Deenichin 2008 0 0 0 0 0 0
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sequence generation and allocation concealment, high
risk of bias for blinding (participants, personnel, and
outcome assessment), and low risk of bias in attrition
and reporting (SDC 4). In the studies of Sohn 2016 [40]
and Perathoner [37], the risk of bias of comparative
NRSI was respectively low and moderate due to limita-
tions associated with the retrospective design (SDC 5a);
the mean MINORS score for the other observational non-
comparative NRSI was 9.2 (moderate risk) (SDC 5b).

Interventions The three DCS’ phases of each study are de-
scribed in detail in SDC 6.

Phase I is similarly described in a lot of the studies
as lavage, limited resection with blind colonic ends. In
few studies, resection and anastomosis [33, 37] or su-
ture of the perforation site [38] were performed in phase
I of DCS: RPA in 29 patients (9.1%) and suture of the
perforation in 3 patients (0.9%). In those patients who
underwent DCS, the most common method of tempo-
rary abdominal closure (TAC) was the negative pressure
wound therapy (NPWT) (311 patients, 97.8%).

Phases II and III were similarly described in all stud-
ies as resuscitation in ICU followed by reoperation after
24–48 h (24–36 h in two studies).

In phase II, the death in ICU was 1.3% (4 patients).

In phase III, the RPA is performed in 197 patients (61.9%)
and the HP in 85 patients (26.7%) (Table 2). All patients were
evaluated for ongoing peritonitis, and the abdominal wall was
definitively closed.

In sum, the RPA was performed in 226 patients (71%): 29
patients (12.8%) during phase I and 197 patients (87.2%) dur-
ing phase II. A covering ileostomy is performed in 36 patients
(15.9%) who had RPA (Table 2).

The outcomes of interventions of each study are summa-
rized in Table 3 and SDC 7, 8, 9. Reoperation was required in
57.69% of patients with anastomotic leaks. This involves for-
mation of a covering ileostomy in the minor leaks (0%) and
colostomy for major leaks (60%) (Table 3).

The overall morbidity rate, according to the Clavien and
Dindo classification, was reported only in one study [35]. The
most common severe complications were reported in class IIIb
(14.7%). Fewer complications were reported in the other clas-
sification groups: class IV (5.9%) and IIIa (2.9%) (SDC 7).

The mean length of hospital stays reported in four studies was
between 17.5 and 25 days. The ICU length of stay was between
1 and 20 days (SDC 8). The hospital mortality rate was 6.7%; 3
patients died before the third phase of DCS (1.1%) [32, 33].

The rate of incisional hernia was between 23.5% (8/33)
[35] and 50% (2/4) [39]. The closure of stoma was performed
in 43% of patients: closure of ileostomy in 88% and reversal
of colostomy in 22.2% (SDC 9).

Fig. 2 Rate of septic shock in
patients underwent DCS

Fig. 3 Rate of primary resection
and anastomosis in patients
underwent DCS

873Int J Colorectal Dis (2021) 36:867–879



The meta-analysis of the rates of seven indicators is per-
formed (Table 4). The study of Deenichin (2008) was exclud-
ed due to the low quality [39]. The study of Sohn, published in
2016 [40], was excluded because there is an overlapping in
some patients enrolled in the study published in 2018 [34].

& Rate of septic shock in patients undergoing DCS. A
high level of heterogeneity was detected across the studies
in terms of the rate of septic shock reported. Two studies
reported a low rate (< 4%), while one reported a very high
rate (> 96%). This high heterogeneity may be driven by
variability on the definition of septic shock across centers
and countries (Fig. 2). Because of the significant hetero-
geneity (I2 = 100%; P < 0.001), a binary random-effect
model was used. The weighted mean rate of septic shock
across the studies was shown to be 35.1% [95% CI 8.4%
to 78.6%].

& Rate of primary resection and anastomosis in patients
after DCS. Meta-analysis using a random-effect model
shows a high level of heterogeneity (I2 = 95%; P = <
0.001), and the weighted mean of anastomosis across the
studies is 62.1% [95% CI 40.8 to 83.3%] (Fig. 3).

& Rate of an overall leak in patients with primary colo-
rectal anastomosis after DCS. Meta-analysis using a

fixed-effect model shows a low level of heterogeneity (I2

= 22%; P = 0.265), and the weighted mean rate of overall
anastomotic leak is 7.3% [95% CI 4.3 to 10.4%] (Fig. 4).

& Rate of major anastomotic leaks in patients with pri-
mary colorectal anastomosis undergoing DCS. Meta-
analysis using a fixed-effect model shows a low level of
heterogeneity (I2 = 0%; P = 0.856), and the weighted
mean rate of the major leak is shown to be 4.7% [95%
CI 2.0 to 7.4%] (Fig. 5).

& Rate of protective stoma with primary colorectal
anastomosis. Meta-analysis using a random-effect model
shows a high level of heterogeneity (I2 = 85%; P < 0.001),
and the weighted mean rate of covering stoma was 6.9%
[95% CI 1.5 to 12.2%] (Fig. 6).

& Rate of HP in patients undergoing DCS. Meta-analysis
using a random-effect model shows a high of heterogene-
ity (I2 = 61%; P < 0.001), and weighted mean rate of HP is
22.7% [95% CI 15.1 to 30.3%] (Fig. 7).

& Rate of postoperative mortality in patients undergoing
DCS. Meta-analysis using a fixed-effect model shows a
moderate level of heterogeneity (I2 = 54%;P < 0.001), and
the weighted mean rate of mortality is estimated to be
9.2% [95% CI 6.0% to 12.4%] (Fig. 8). The results were
similar using a random-effect model.

Fig. 4 Rate of overall leak in
patients with primary colorectal
anastomosis who underwent DCS

Fig. 5 Rate of major leak in
patients with primary colorectal
anastomosis who underwent DCS
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Discussion

Generalized peritonitis secondary to CAD is a relatively un-
common cause of an acute abdomen. According to a recent
survey of national databases, the rate varies between 1 and
10% of all admissions for CAD [40]. The surgical treatment
requires immediate source control by drainage of the infected
fluid collections, debridement, and definitive treatment of the
diverticular perforation [41]. Any delay in the treatment of
generalized peritonitis with sepsis leads to a high rate of ad-
verse outcomes [42]. Because the number of patients with
generalized peritonitis from CAD presenting to each unit is
small, no uniform surgical strategy exists. The management of
CAD has changed significantly, overtime [43]. In the late
nineteenth century, Lockhart-Mummery proposed the abdom-
inal lavage with or without a simple suture of perforated colon
and drainage [44]. Later, Mickulicz described the resection
with a double-barrelled colostomy [45, 46]. Mayo reported
the three-stage procedure (proximal colostomy, resection of
the sigmoid colon, closure of the colostomy after few weeks)
[47, 48]. Some of the non-resectional approaches were asso-
ciated with inadequate source control, so the HP (sigmoid
resection, burying the rectal stump, and performing end colos-
tomy) became widely used [49]. It remained the standard gold
treatment until the 1990s [50, 51] when, in very selected cases,

RPA was considered after on-table irrigation of the co-
lon [52]. The subsequent shift toward RPA is based
mainly on the growing realization that HP reversal
was associated with significant morbidity (55%) and
mortality (20%) [53, 54]. Additionally, a large number
of patients never had closure of their colostomy (48–
74%) [53, 55, 56]. HP is also associated with postoper-
ative morbidity in up to 52% with a reoperation rate of
up to 10%, as well as possible stoma-related complica-
tions [57].

A meta-analysis of three RCTs showed that RPA and HP
appear to be equivalent in terms of most outcomes of interest,
except for a lower intra-abdominal abscess risk after RPA.
The latter finding needs further investigation as it was not
reported in any of the individual trials. However, given the
limitations of the included RCTs, no firm conclusion can be
drawn as to which is the best surgical option [58].

A protective ileostomy is another attempt to diminish the
consequences of anastomotic complications associated with
RPA. The ileostomy reversal rate was significantly higher
(90% vs. 57%), alongside with lower rate of major complica-
tions (0% vs. 20%) and hospital costs [59, 60]. An RCT com-
paring HP and RPA reported a higher rate of loop ileostomy
closure than HP reversal (96% vs. 65%, respectively), with
comparable morbidity [61].

Fig. 6 Rate of protective stoma in
primary colorectal anastomosis

Fig 7 Rate of Hartmann’s in
patients underwent DCS
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The concept of DCS in patients with perforated CAD was
first defined in 2010 as surgery with the aim “to enhance
patient recovery by means of an initial rapid source control
procedure and resuscitation of the patient at the intensive care
… the decision on the definitive surgical resolution can be
postponed to an elective setting in a hemodynamically stable
patient to allow “delayed” reconstruction of bowel continuity”
[37, 38]. Accordingly, DCS not only aims at saving lives as in
trauma but also at reducing the rate of HP. This concept was
also included in the 2015 WSES position paper on the role of
open abdomen in managing severe abdominal sepsis. The low
rates of septic shock and Hinchey IV peritonitis in some re-
ports raised concerns about potential selection bias [62]. The
present analysis revealed a weighted rate of the septic shock of
approximately 35.1%, with substantial heterogeneity of the
included studies, and 28.9% of the cases had Hinchey IV
peritonitis. Only Tartaglia [35], Perathoner [37], and
Deenichin [39] reported the presence of septic shock in all
cases of their series, differently Brillantino et al. in only 1 of
30 [36] and Sohn in 14 of 74 [34]. No patients with septic
shock were reported in the series from Gasser et al. [33].

The restoration of GI continuity was achieved in 62,1% of
the cases, which can be interpreted as a significant success
when compared to > 50% of patients not having their stoma
reversed after HP, although this is not the primary aim of the
DCS approach [63, 64]. As in the trauma scenario, the primary
objective is to avoid the lethal triad of hypothermia, acidosis,
and coagulopathy. Success depends not only on the approach
employed or the precise surgical technique but also on sound
judgment, accurate assessment of the disease and the general
status of the patient, and timely intervention.

The overall and major leak rates were 7.3% and 4.7%,
respectively, which are similar to the rates reported in the
literature [58, 59, 65]. The defunctioning loop ileostomy can
be a useful tactic to “protect” anastomoses or to treat a minor
leak. Surprisingly, the weighted rate of covering stoma in the
present meta-analysis was very low (6.9%). Similarly to

Oberkofler et al. and Bridoux et al., the rate of ileostomy
closure in the present study was higher than HP reversal
(88% vs. 22%). The weighted mortality of 9.2% is also com-
parable with the literature data [58].

The limitations of the present study include the small sam-
ple size, the moderate quality of the observational studies, the
only one RCT with a high risk of bias. Another limitation is
the lack of subgroup analysis, which could not be performed
due to the shortage of data. A selection bias toward a higher
rate of RPA after DCS is possible because only 35.1% of the
cases were in septic shock and 28.9% with Hinchey IV peri-
tonitis. The success of the DCS approach is highly dependent
on the indications and the correct selection of the candidates
for RPA [33]. Inappropriate application of DCS can be dan-
gerous due to complications. The improper use of DCS is
associated with an increased risk for bowel perforation, sepsis,
multiorgan failure, prolonged hospital stays, and mortality
[66]. In the included studies, no complications related to open
abdomen (entero-atmospheric fistula or frozen abdomen)
were reported. Potential explanations are inadequate follow-
up or improvements in the commercially available NPWT
systems [67]. DCS can also pose a significant burden on hos-
pital resources and increases the cost of the treatment [68].
None of the studies included in this review reported a cost
analysis, which is another limitation.

Conclusions

The present meta-analysis revealed an approximately 62.1%
weighted rate of achieving GI continuity with the DCS ap-
proach to generalized peritonitis secondary to CAD with ma-
jor leaks of 4.7% and overall mortality of 9.2%. Despite the
promising results, we are aware of the limitations related to the
significant heterogeneity of inclusion criteria. Importantly, the
low rate of reported septic shock and the lack of reported
definition may point toward selection bias. Based on the

Fig. 8 Rate of postoperative
mortality in patients underwent
DCS
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available data, we suggest a tailored approach according to the
severity of the disease and condition of the patient.

Further studies are needed to evaluate the clinical advan-
tages and cost-effectiveness of the DCS approach and to help
identify patients suitable for RPA and the role of covering
ileostomy. The RCT from Kafka-Ritsch, recently published,
is well planned, but recruitment was difficult, and only 13
patients were enrolled within a relatively long period [32].
To overcome these issues, we are waiting the results of ongo-
ing study NCT04220840 (“The Damage Control Strategy for
the Treatment of Perforated Diverticulitis of the Sigmoid
Colon With Diffuse Peritonitis”) [18] and recommend a pro-
spectively, randomized multicenter trial with support from
international surgical society.

Funding Open access funding provided by Università degli Studi di
Perugia within the CRUI-CARE Agreement.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes weremade. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Mikulicz J (1889) Weitere Erfahrungen über die operative
Behandlung der Perforationsperitonitis. Langenbecks Arch Chir
39:75

2. Kirschner М (1926) Die Behandlung der akuten eitrigen freien
Bauchfellentzündung. Langebeck Arch Chir 142:53–67

3. Gloor B, Worni M, Büchler MW (2003) Diffuse Peritonitis. In:
Schein M, Marshall JC (eds) Source Control: A Guide to the
Management of Surgical Infections. Springer-Verlag, Berlin
Heidelberg, pp 87–91

4. Sartelli M, Catena F, Abu-Zidan FM, Ansaloni L, Biffl WL,
Boermeester MA, Ceresoli M, Chiara O, Coccolini F, de Waele
JJ, di Saverio S, Eckmann C, Fraga GP, Giannella M, Girardis M,
Griffiths EA, Kashuk J, Kirkpatrick AW, Khokha V, Kluger Y,
Labricciosa FM, Leppaniemi A, Maier RV, May AK, Malangoni
M, Martin-Loeches I, Mazuski J, Montravers P, Peitzman A,
Pereira BM, Reis T, Sakakushev B, Sganga G, Soreide K, Sugrue
M, Ulrych J, Vincent JL, Viale P, Moore EE (2017) Management
of intra-abdominal infections: recommendations by the WSES
2016 consensus conference. World J Emerg Surg 12:22

5. Hecker A, Uhle F, Schwandner T, Padberg W, Weigand MA
(2014) Diagnostics, therapy and outcome prediction in abdominal
sepsis: current standarts and future perspectives. Langenbecks Arch
Surg 399:11–22

6. Dharap SB, Kamath S, Kumar V (2017) Does prehospital time
affect survival of major trauma patients where there is no
prehospital care? J Postgrad Med 63:169–175

7. Arvieux C, Cardin N, Chiche L, Bachellier P, Falcon D, Letoublon
C (2003) Damage control laparotomy for haemorrhagic abdominal
trauma. A retrospective muticentre study of 109 cases. Ann Chir
128:150–155

8. Richman A, Burlew CC (2019) Lessons from trauma care: abdom-
inal compartment syndrome and damage control laparotomy in the
patient with gastrointestinal disease. J Gastrointest Surg 23(2):417–
424

9. Rotondo MF, Schwab CW, McGonigal MD (1993) Damage con-
trol: an approach for improved survival with exsanguinating pene-
trating abdominal injury. J Trauma 35(3):375–383

10. Moore EE, Burch JM, Franciose RJ (1998) Staged physiologic
restoration and damage control surgery. World J Surg 22(12):
1184–1191

11. Waibel BH, Rotondo MF (2010) Damage control in trauma and
abdominal sepsis. Crit Care Med 38(9 Suppl):S421–S430

12. Andrews B, Semler MW, Muchemwa L, Kelly P, Lakhi S,
Heimburger DC, Mabula C, Bwalya M, Bernard GR (2017)
Effect of an early resuscitation protocol on in-hospital mortality
among adults with sepsis and hypotension: a randomized clinical
trial. JAMA 318(13):1233–1240

13. Cirocchi R, ArezzoA, Vettoretto N, Cavaliere D, Farinella E, Renzi
C et al (2014) Role of damage control surgery in the treatment of
Hinchey III and IV sigmoid diverticulitis: a tailored strategy.
Medicine (Baltimore) 93(25):184

14. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group
(2009) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. J Clin Epidemiol 62:1006–1012

15. Higgins JPT, Altman DG, Sterne JAC (editors) (2017) Chapter 8:
Assessing risk of bias in included studies. In: Higgins JPT,
Churchill R, Chandler J, Cumpston MS (editors), Cochrane
Handbook for Systematic Reviews of Interventions version 5.2.0
(updated June 2017), Cochrane

16. Sterne JAC, Hernán MA, Reeves BC, Savović J, Berkman ND,
Viswanathan M et al (2016) ROBINS-I: a tool for assessing risk
of bias in non-randomized studies of interventions. BMJ 355:i4919

17. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J
(2003) Methodological index for non-randomized studies (minors):
development and validation of a new instrument. ANZ J Surg
73(9):712–716

18. NCT04220840 "The damage control strategy for the treatment of
perforated diverticulitis of the sigmoid colon with diffuse peritoni-
tis". First posted at January 7, 2020. https://clinicaltrials.gov/ct2/
show/NCT04220840. Accessed 30 September 2020

19. Rosenzweig M, Berg A, Kuo YH, Onayemi A, Sciarretta J, Davis
JM, Ahmed N (2020) Are the benefits of rapid source control lap-
arotomy realized after acute colonic perforation? Surg Infect 21:
665–670

20. Sohn M, Iesalnieks I (2018) Damage control surgery in patients
with generalized peritonitis secondary to perforated diverticulitis-
the risk of overtreatment. Tech Coloproctol 22(7):565–566

21. Zizzo M, Manenti A, Ugoletti L (2018) Current treatment of acute
perforated diverticulitis: the role of damage control surgery. J
Inflamm Res 11:319–320

22. Ceresoli M, Lo Bianco G, Gianotti L, Nespoli L (2018)
Inflammation management in acute diverticulitis: current perspec-
tives. J Inflamm Res 11:239–246

23. Focchi S, Carrara A, Cortesini Avesani E (2015) Advances in man-
agement of patients with acute diverticulitis. J Acute Dis 4(4):280–
286

24. Kwon E, Browder T, Fildes J (2013) Surgical management of ful-
minant diverticulitis. Curr Surg Rep 2:40

877Int J Colorectal Dis (2021) 36:867–879



25. Moore FA, Coimbra R, Davis JW, Sperry J,Moore EE, BurlewCC,
McIntyre RC Jr, Biffl WL (2013) Mandatory exploration is not
necessary for patients with acute diverticulitis and free intraperito-
neal air. J Trauma Acute Care Surg 74:1376–1377

26. Ferrada P, Ivatury RR (2013) The management of diverticular dis-
ease of the colon. In: Cameron JL, Cameron AM (eds) Current
Surgical Therapy, 11th edn. Saunders, Philadelphia, pp 166–169

27. Tachezy M, Izbicki JR (2019) Evidenz für chirurgische
standardverfahren: appendizitis, divertikulitis und cholezystitis
[Evidence for standard surgical procedures: appendicitis, divertic-
ulitis and cholecystitis]. Chirurg. 90(5):351–356

28. Liang S, Russek K, Franklin ME (2012) Damage control strategy
for the management of perforated diverticulitis with generalized
peritonitis: laparoscopic lavage and drainage vs. laparoscopic
Hartmann's procedure. Surg Endosc 26:2835–2842

29. Moore FA, Moore EE, Burlew CC, Coimbra R, McIntyre RC Jr,
Davis JW et al (2012) Western trauma association critical decisions
in trauma: management of complicated diverticulitis. J Trauma
Acute Care Surg 73:1365–1371

30. Nystrom PO (2009) Acute diverticulitis. Schein's. In: Schein M,
Paul R, Ahmad A (eds) Common sense emergency abdominal sur-
gery, 3rd edn. Springer, New York, pp 277–288

31. Vermeulen J, Lange JF (2010) Treatment of perforated diverticulitis
with generalized peritonitis: past, present, and future. World J Surg
34:587–593

32. Kafka-Ritsch R, Zitt M, Perathoner A, Gasser E, Kaufmann C,
Czipin S, Aigner F, Öfner D (2020) Prospectively randomized con-
trolled trial on damage control surgery for perforated diverticulitis
with generalized peritonitis. Accepted for publication in World J
Surg (in press)

33. Gasser E, Alexander P, Reich-Weinberger S, Buchner S, Kogler P,
Zitt M, Kafka-Ritsch R, Öfner D (2019) Damage control surgery
for perforated diverticulitis: a two center experience with two dif-
ferent abdominal negative pressure therapy devices. Acta Chir Belg
119(6):370–375

34. Sohn M, Iesalnieks I, Agha A, Steiner P, Hochrein A, Pratschke J,
Ritschl P, Aigner F (2018) Perforated diverticulitis with generalized
peritonitis: low stoma rate using a “damage control strategy”.
World J Surg 42(10):3189–3195

35. Tartaglia D, Costa G, Camillò A, CastriconiM, AndreanoM, Lanza
M, Fransvea P, Ruscelli P, Rimini M, Galatioto C, Chiarugi M
(2019) Damage control surgery for perforated diverticulitis with
diffuse peritonitis saves lives and reduces ostomy. World J Emerg
Surg 14:19

36. Brillantino A, Andreano M, Lanza M, D'Ambrosio V, Fusco F,
Antropoli M et al (2019) Advantages of damage control strategy
with abdominal negative pressure and instillation in patients with
diffuse peritonitis from perforated diverticular disease. Surg Innov
26(6):656–661

37. Perathoner A, Klaus A, Mühlmann G, Oberwalder M, Margreiter
R, Kafka-Ritsch R (2010) Damage control with abdominal vacuum
therapy (VAC) to manage perforated diverticulitis with advanced
generalized peritonitis–a proof of concept. Int J Color Dis 25(6):
767–774

38. Kafka-Ritsch R, Birkfellner F, Perathoner A, Raab H, Nehoda H,
Pratschke J, Zitt M (2012) Damage control surgery with abdominal
vacuum and delayed bowel reconstruction in patients with perforat-
ed diverticulitis Hinchey III/IV. J Gastrointest Surg 16(10):1915–
1922

39. Deenichin GP, Dimov RS, Stefanov CS, Dimova RT et al (2008)
Acute perforated diverticulitis of the colon as a rare cause for de-
velopment of abdominal compartment syndrome. Folia Med
(Plovdiv) 50:32–36

40. Sohn M, Agha A, Heitland W, Gundling F, Steiner P, Iesalnieks I
(2016) Damage control strategy for the treatment of perforated

diverticulitis with generalized peritonitis. Tech Coloproctol 20(8):
577–583

41. Lagunes L, Encina B, Ramirez-Estrada S (2016) Current under-
standing in source control management in septic shock patients: a
review. Ann Transl Med 4(17):330

42. Mazuski JE, Tessier JM, May AK, Sawyer RG, Nadler EP,
Rosengart MR, Chang PK, O'Neill PJ, Mollen KP, Huston JM,
Diaz JJ Jr, Prince JM (2017) The surgical infection society revised
guidelines on the management of intra-abdominal infection. Surg
Infect 18(1):1–76

43. Cirocchi R, Afshar S, Di Saverio S, Popivanov G, De Sol A,
Gubbiotti F, Tugnoli G, Sartelli M, Catena F, Cavaliere D, Taboła
R, Fingerhut A, Binda GA (2017) A historical review of surgery for
peritonitis secondary to acute colonic diverticulitis: from Lockhart-
Mummery to dence-based medicine. World J Emerg Surg 12:14

44. Lockhart-Mummery P (1910) Disease of the colon and their surgi-
cal treatment. John Wright and Sons LTD, Bristol, pp 181–182

45. Mikulicz J (1903) Chirurgische Erfahrungen fiber das
Darmcarcinom. Arch Klin Chir 69:28–47

46. Mikulicz J (1889) WeitereErfahrungenuber die operative
Behanlung der Perforations peritonitis. Arch Klin Chir (Berl) 39:
756–784

47. MayoWJ, Wilson LB, Griffin HZ (1907) Acquired diverticulitis of
the large intestine. Surg Gynecol Obstet 5:8–15

48. Rankin FW, Brown PW (1930) Diverticulitis of the colon. Surg
Gynecol Obstet 30:836–847

49. Hinchey EJ, Schaal PG, Richards GK (1978) Treatment of perfo-
rated diverticular disease of the colon. Adv Surg 12:85–109

50. Boyden AM (1950) The surgical treatment of diverticulitis of the
colon. Ann Surg 132(1):94–109

51. Greif JM, Fried G, McSherry CK (1980) Surgical treatment of
perforated diverticulitis of the sigmoid colon. Dis Colon Rectum
23(7):483–487

52. Krukowski ZH, Matheson NA (1984) Emergency surgery for di-
verticular disease complicated by generalized and faecal peritonitis:
a review. Br J Surg 71(12):921–927

53. Antolovic D, Reissfelder C, Özkan T, Galindo L, Büchler MW,
Koch M et al (2011) Restoration of intestinal continuity after
Hartmann’s procedure – not a benign operation. Are there predic-
tors for morbidity? Langenbeck's Arch Surg 396(7):989–996

54. Roque-Castellano C,Marchena-Gomez J, Hemmersbach-Miller M,
Acosta-Merida A, Rodriguez-Mendez A, Fariña-Castro R,
Hernandez-Romero J (2007) Analysis of the factors related to the
decision of restoring intestinal continuity after Hartmann’s proce-
dure. Int J Color Dis 22(9):1091–1096

55. Keck JO, Collopy BT, Ryan PJ, Fink R, Mackay JR, Woods RJ
(1994) Reversal of Hartmann’s procedure: effect of timing and
technique on ease and safety. Dis Colon Rectum 37(3):243–248

56. Hallam S, Mothe B, Tirumulaju R (2018) Hartmann’s procedure,
reversal and rate of stoma-free survival. Ann R Coll Surg Engl 100:
301–307

57. Ince M, Stocchi L, Khomvilai S, Kwon D, Hammel JP, Kiran R
(2012) Morbidity and mortality of the Hartmann procedure for di-
verticular disease over 18 years in a single institution. Color Dis 14:
492–498

58. Cirocchi R, Afshar S, Shaban F, Nascimbeni R, Vettoretto N, Di
Saverio S et al (2018) Perforated sigmoid diverticulitis: Hartmann’s
procedure or resection with primary anastomosis-a systematic re-
view and meta-analysis of randomised control trials. Tech
Coloproctol 22(10):743–753

59. Oberkofler CE, Rickenbacher A, Raptis DA, Lehmann K, Villiger
P, Buchli C, Grieder F, Gelpke H, Decurtins M, Tempia-Caliera
AA, Demartines N, Hahnloser D, Clavien PA, Breitenstein S
(2012) A multicenter randomized clinical trial of primary anasto-
mosis or Hartmann’s procedure for perforated left colonic divertic-
ulitis with purulent or fecal peritonitis. Ann Surg 256:819–826

878 Int J Colorectal Dis (2021) 36:867–879



60. Binda GA, Karas JR, Serventi A, Sokmen S, Amato A, Hydo L,
Bergamaschi R, Study Group on Diverticulitis (2012) Primary
anastomosis vs nonrestorative resection for perforated diverticulitis
with peritonitis: a prematurely terminated randomized controlled
trial. Color Dis 14(11):1403–1410

61. Bridoux V, Regimbeau JM, Ouaissi M, Mathonnet M, Mauvais F,
Houivet E, Schwarz L, Mege D, Sielezneff I, Sabbagh C, Tuech JJ
(2017) Hartmann’s procedure or primary anastomosis for general-
ized peritonitis due to perforated diverticulitis: a prospective multi-
center randomized trial (DIVERTI). J Am Coll Surg 225:798–805

62. Sartelli M, Abu-Zidan F, Ansaloni L, Bala M, Beltran M, Biffl W
et al (2015) The role of the open abdomen procedure in managing
severe abdominal sepsis: WSES position paper. World J Emerg
Surg 10:35

63. Salem L, Anaya DA, Roberts KE, Flum DR (2005) Hartmann's
colectomy and reversal in diverticulitis: a population-level assess-
ment. Dis Colon Rectum 48(5):988–995

64. Constantinides VA, Heriot A, Remzi F, Darzi A, Senapati A, Fazio
VW, Tekkis PP (2007) Operative strategies for diverticular

peritonitis: a decision analysis between primary resection and anas-
tomosis versus Hartmann’s procedures. Ann Surg 245(1):94–103

65. Ahmadi N, Howden W, Ahmadi N, Byrne C, Young C (2019)
Increasing primary anastomosis rate over time for the operative
management of acute diverticulitis. ANZ J Surg 89(9):1080–1084

66. Martin M, Hatch Q, Cotton B, Holcomb J (2012) The use of tem-
porary abdominal closure in low-risk trauma patients: helpful or
harmful? J Trauma Acute Care Surg 72:601–606

67. Coccolini F, Roberts D, Ansaloni L, Ivatury R, Gamberini E,
Kluger Y et al (2018) The open abdomen in trauma and non-
trauma patients: WSES guidelines. World J Emerg Surg 13:7

68. Ruscelli P, Cirocchi R, Gemini A, Bruzzone P, Campanale M,
Rimini M, Santella S et al (2020) A hospital protocol for decision
making in emergency admission for acute diverticulitis: initial re-
sults from small cohort series. Medicina (Kaunas) 56(8):E371

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Affiliations

Roberto Cirocchi1 & Georgi Popivanov2 &Marina Konaktchieva3 & Sonia Chipeva4 & Guglielmo Tellan5
&

Andrea Mingoli6 &Mauro Zago7
&Massimo Chiarugi8 & Gian Andrea Binda9 & Reinhold Kafka10 & Gabriele Anania11 &

Annibale Donini1 & Riccardo Nascimbeni12 &Mohammed Edilbe13
& Sorena Afshar13

1 Department of General Surgery, University of Perugia,

06123 Perugia, Italy

2 Department of Surgery, Military Medical Academy, ul. “Sv. Georgi

Sofiyski” 3, 1606 Sofia, Bulgaria

3 Department of Gastroenterology and Hepatology, Military Medical

Academy, ul. “Sv. Georgi Sofiyski” 3, 1606 Sofia, Bulgaria

4 Department of Statistics and Econometrics, University of National

and World Economy, Sofia, Bulgaria

5 Department of Emergency and Acceptance, Critical Areas and

Trauma, “Umberto I” University Hospital, Sapienza University of

Rome, 00161 Rome, Italy

6 Dipartimento di Chirurgia “P. Valdoni”, Sapienza Università di

Roma, Viale del Policlinico155, 00161 Rome, Italy

7 Department of Emergency and Robotic Surgery - A.Manzoni

Hospital, Lecco, Italy

8 Emergency Surgery & Trauma Center, Cisanello University

Hospital, 56124 Pisa, Italy

9 Colorectal Surgery, BioMedical Institute, 16157 Genova, Italy

10 Department of Visceral, Transplant and Thoracic Surgery, Medical

University Innsbruck, Innsbruck, Austria

11 Department of Medical Science, University of Ferrara,

4121 Ferrara, Italy

12 Department ofMolecular and Translational Medicine, University of

Brescia, 25121 Brescia, Italy

13 North Cumbria Integrated Care NHS Foundation Trust,

Carlisle, UK

879Int J Colorectal Dis (2021) 36:867–879


