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Abstract
Purpose The management of perforated diverticulitis with generalized peritonitis is still controversial and no preferred standard-
ized therapeutic approach has been determined. We compared surgical outcomes between Hartmann’s procedure (HP) and
primary anastomosis (PA) in patients with Hinchey III and IV perforated diverticulitis.
Methods Multicenter retrospective analysis of 131 consecutive patients with Hinchey III and IV diverticulitis operated either
with HP or PA from 2015 to 2018. Postoperative morbidity was compared after adjustment for known risk factors in a
multivariate logistic regression.
Results Sixty-six patients underwent HP, while PA was carried out in 65 patients, 35.8% of those were defunctioned. HP was
more performed in older patients (74.6 vs. 61.2 years, p < .001), with Hinchey IV diverticulitis (37% vs. 7%, p < .001) and in
patients with worse prognostic scores (P-POSSUM Physiology Score, p < .001, Charlson Comorbidity Index p < .001). Major
morbidity and mortality were higher in HP compared to PA (30.3% vs. 9.2%, p = .002 and 10.6% vs. 0%, p = .007, respectively)
with lower stoma reversal rate (43.9% vs. 86.9%, p < .001). In a multivariate logistic regression, PA was independently associ-
ated with lower postoperative morbidity and mortality (OR 0.24, 95% CI 0.06–0.96, p = .044).
Conclusions In comparison to PA, HP is associated with a higher morbidity, higher mortality, and a lower stoma reversal rate.
Although a higher prevalence of risk factors in HP patients may explain these outcomes, a significant increase in morbidity and
mortality persisted in a multivariate logistic regression analysis that was stratified for the identified risk factors.
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Introduction

The treatment of acute diverticulitis may be conservative or
operative, according to the severity of the disease and clinical
signs. Conservative management of acute diverticulitis in
Hinchey stages I and II with antibiotic therapy and, for larger
abscesses, percutaneous drainage, relies on wide and clear
evidence [1–3]. Despite the operative treatment being consid-
ered the standard therapy for patients with Hinchey stage III or
IV diverticulitis, a clear consensus on the best surgical tech-
nique is still undetermined [4].

Hartmann’s resection (HP), becoming popular in the
1970s, is considered the more traditional surgical approach,
and is still widely practiced [5, 6]. However, Hartmann’s re-
versal is a challenging procedure associated with high rate of
intra- and postoperative morbidity [7]. Reports show that in
30–40% of patients receiving the HP operation, are not
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considered for stoma closure. This is a result of high surgical
risk in older adults and in patients with multiple comorbidities
[8, 9].

Due to the disadvantages associated with HP, primary
anastomosis (PA) gained popularity from the 1990s, with
the further development of surgical techniques [6, 9].
Resection with primary anastomosis has been proven to have
the same degree of safety as the Hartmann’s procedure, in
terms of postoperative outcome, furthermore the reversal of
a diverting loop ileostomy is technically easier with a lower
morbidity rate compared to a reversal of Hartmann’s proce-
dure [10, 11].

Current evidence for management of patients with Hinchey
III and IV diverticulitis relies mostly on reviews, meta-analy-
sis, and small observational studies, due to the difficulty of
randomization of patients with a life-threatening condition. So
far only 4 published RCTs compared HP to PA in Hinchey III
and IV diverticulitis [12–15]. In all these studies, the results
were similar, favoring PA compared to HP considering the
higher stoma reversal rate and similar mortality and morbidity
rate. However, all these works presented flaws in study design
and were underpowered, due to recruitment difficulties.

Despite emerging evidence favoring PA, HP remains a
valuable option in hemodynamically unstable or high-risk pa-
tients [11]. Furthermore, HP is safe and technically feasible
even when performed by surgeons in training with limited
colorectal experience [16].

The aim of this multicenter study was to assess the postop-
erative outcome according to the chosen operative strategy
(PA vs. HP) in patients with Hinchey stages III and IV perfo-
rated diverticulitis taking into consideration risk factors
known to affect morbidity and mortality.

Methods

Study cohort

From January 2015 until December 2018, all patients that had
surgery for complicated colonic diverticular disease with gen-
eralized peritonitis (Hinchey III or IV) at one university and
two teaching hospitals in Switzerland were included. To en-
sure an appropriate duration of at least 12 months for the
stoma reversal, the follow-up of included patients was extend-
ed until December 2019. Data were derived retrospectively,
from each hospital’s Department of Surgery’s database. The
following data were retrieved: demographic characteristics,
comorbidity such as preoperative renal failure (defined as an
estimated glomerular filtration rate < 60 mL/min/1.73 m2),
immunosuppression (defined as the presence of immunologi-
cal disease or ongoing chemotherapy or the intake of cortico-
steroids > 5 mg prednisone per day or equivalent), diabetes,
chronic obstructive pulmonary disease (COPD), body mass

index (BMI), and number and type of medications.
Intraoperative data such as Hinchey classification of perforat-
ed diverticulitis (stage III or IV), operating time, blood loss,
surgical experience (general surgeon vs. surgeon with subspe-
cialty in abdominal or colorectal surgery) were also acknowl-
edged. Postoperative outcomes including morbidity, mortality
within 30 days, length of hospital stay, and intensive care unit
(ICU) stay were also recorded. For all patients, the estimated
morbidity and mortality according to the P-POSSUM score
and the Charlson Comorbidity Index (CCI) were calculated.

Patients were divided into two groups: HP and PA (with or
without diverting ileostomy). The type of procedure was de-
termined by the surgeon’s preference, taking into account the
patient’s health and considering the intraoperative condition.

Primary and secondary endpoint

The primary endpoint was mortality within 30 days and major
morbidity during in-hospital treatment. Postoperative morbid-
ity was classified according to the Clavien-Dindo system and
defined as major if it was greater or equal to 3b [17–19].
Among other complications, we analyzed separately the su-
perficial incisional, deep incisional, and organ space surgical
site infections according to the Centers for Disease Control
National Nosocomial Infections Surveillance System [20] as
well as anastomosis insufficiency or rectal stump leakage.
Operating time, blood loss, hospital stay, and ICU stay were
secondary endpoints. Restoration of bowel continuity after HP
or PA with diverting ileostomy was also reviewed.

Ethical considerations

This study was approved by the research ethics committee of
Nordwestschweiz (EKNZ-2019-01635).

Statistical analysis

Categorical variables are reported as frequencies (numbers
and percentages) and continuous variables as means ± stan-
dard deviation. The primary endpoint (major complications;
Clavien-Dindo ≥ 3b) was analyzed by uni- and multivariate
logistic regression analysis, in the multivariate logistic regres-
sion we adjusted for known risk factors such as age, BMI,
gender, Hinchey stadium, surgical experience, and comorbid-
ities of the patients (Charlson Comorbidity Index, P-
POSSUM Physiology Score, polypharmacy). Referring to
existing literature, we defined polypharmacy as the concurrent
use of ≥ 5 different prescribed drugs [21]. A p value of less
than 0.05 was considered statistically significant. All analyses
were performed with STATA 13 (StataCorp LP, College
Station, TX, USA).
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Results

From January 2015 to December 2018, a total of 131 consec-
utive patients underwent emergency surgery for perforated
diverticulitis with diffuse purulent or fecal peritonitis
(Hinchey III or IV). Baseline characteristics, Hinchey stage,
and prognostic scores are shown in Table 1.

Regarding the distribution of the performed HP and PA,
there was not a significant difference between our 3 institu-
tions (p = 0.568). In the PA group, 29 patients had a laparo-
scopic procedure and the conversion rate was 51.7%. The
main causes for conversion were insufficient control of the
sepsis source and inability to identify anatomy because of
severe inflammatory changes or extensive adhesions. In 23
cases (35%), an ileostomy was created. In the HP group, 7
laparoscopic approaches were performed, of which 4 needed a
conversion to open.

Patients undergoing HP were significantly older (74.6 ±
11.8 vs. 61.2 ± 12.9 years, p < 0.001) and Hinchey IV was
significantly more frequent compared to the PA group
(37.8% vs. 7.5%, p < 0.001). Furthermore, the comorbidity
rate was higher among HP patients, in particular considering
preoperative renal failure (43.9% vs. 9.2%, p < 0.001), immu-
nosuppression (31.8% vs. 9.2%, p = 0.005), diabetes mellitus
(15.1% vs. 3.0%, p = 0.017), and chronic obstructive pulmo-
nary disease (18.1% vs. 4.6%, p = 0.015). In addition, patients

who underwent HP had a higher number of medications (6.1
± 3.7 vs. 2.9 ± 3.0, p < 0.001). The rate of patients with anti-
coagulant therapy was significantly higher in the HP group
compared to the PA group (33.3% vs. 12.3%, p = 0.004),
while there was no difference regarding anti-aggregation
agents (21.1% vs. 15.3%, p = 0.389). The calculated prognos-
tic scores showed also a higher comorbidity rate of the HP
cohort, as demonstrated by P-POSSUM Physiology Score
(25.6 ± 7.4 vs. 19.2 ± 4.7, p < 0.001), and the estimated mor-
bidity (83.4% ± 13.1 vs. 68.8% ± 13.0, p < 0.001) as well as
mortality score (22.1% ± 20.4 vs. 8.4% ± 11.3, p < 0.001) ac-
cording to P-POSSUM. Finally, the Charlson Comorbidity
Index was also significantly higher in the HP group compared
to the PA group (5.7 ± 2.8 vs. 2.3 ± 1.9, p < 0.001). No signif-
icant differences were found regarding BMI (26.9 ± 5.6 vs.
25.9 ± 4.0, p = 0.634).

All primary and secondary outcomes are summarized in
Table 2. The mortality rate within 30 days was significantly
higher in the HP group with 7 deaths compared to no event in
the PA group (10.6% vs. 0%, p = 0.007). The causes of death
were acute respiratory failure in 3 patients, abdominal sepsis
in 2 patients, cardiac failure in 1 patient, and an underlying
advanced non-abdominal cancer in 1 patient. There were no
significant differences between the two groups regarding pri-
mary wound closure (72.7% vs. 65.6%, p = 0.317), superficial
incisional (13.6% vs. 6.1%, p = 0.152), deep incisional (1.5%

Table 1 Baseline characteristics, Hinchey Stage, surgeon’s experience, and prognostic scores of patients according to the chosen surgical technique
(HP vs. PA)

Characteristic Hartmann’s procedure (n = 66) Primary anastomosis (n = 65) P value

Age, year, mean (± SD) 74.6 (± 11.8) 61.2 (± 12.9) < .001

Gender (M/F), n (%) 27 (40.9%)/39 (59.1%) 41 (63.1%)/24 (36.9%) .011

BMI*, kg/m2, mean (± SD) 26.9 (± 5.6) 25.9 (± 4.0) .634

Hinchey stage IV, n (%) 25 (37.8%) 5 (7.5%) < .001

Preoperative renal failure, n (%) 29 (43.9%) 6 (9.2%) < .001

Immunosuppression, n (%) 21 (31.8%) 6 (9.2%) .005

Diabetes, n (%) 10 (15.1%) 2 (3%) .017

COPD†, n (%) 12 (18.1%) 3 (4.6%) .015

Nr. medications, mean (± SD) 6.1 (± 3.7) 2.9 (± 3.0) < .001

Anti-aggregation, n (%) 14 (21.1%) 10 (15.3%) .389

Anticoagulation, n (%) 22 (33.3%) 8 (12.3%) .004

Surgeon’s experience, n (%)

General surgeon 36 (54.5%) 27 (41.5%) .136

Subspecialty in abdominal or colorectal surgery 30 (45.5%) 38 (58.6%)

P-POSSUM Physiology Score, mean (± SD) 25.6 (± 7.4) 19.2 (± 4.7) < .001

P-POSSUM Score estimated morbidity, mean % (± SD) 83.4% (± 13.1%) 68.8% (± 13.0%) < .001

P-POSSUM Score estimated mortality, mean % (± SD) 22.1% (± 20.4%) 8.4% (± 11.3%) < .001

Charlson Comorbidity Index 5.7 (± 2.8) 2.3 (± 1.9) < .001

*BMI, body mass index; †COPD, chronic obstructive lung disease
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vs. 0%, p = 0.319), and organ space surgical site infection
(4.5% vs. 4.6%, p = 0.367).

Major complications (≥ 3b according to Clavien-Dindo
classification) were 30.3% in the HP and 9.2% in the PA
group (p = 0.002). In the PA group, the defunctioning stoma
does not have any significant influence on the major compli-
cations (p = 0.593). Nine patients in the HP group as well as 6
patients in the PA group were re-operated due to postoperative
complications as reported in Table 3. Two of the patients in
the HP group developed a rectal stump leak (2/66 patients,
3.0%). They both needed a surgical revision with lavage for
control of the sepsis. The incidence of anastomotic leak was
4.6% (3/65 patients). In one patient with primary ileostomy,
the leak could be managed conservatively using only antibi-
otics, while two other patients needed a surgical revision
(overstitching of the anastomosis in one patient with initial
diversion, and ileostomy construction in one patient without
initial diversion). Regarding ostomy-related complications, 2

patients in the HP group were re-operated, due to the devel-
opment of a colostomy ischemia and 1 patient in the PA group
had to be re-operated because of a parastomal hernia causing
small bowel obstruction.

Surgeon’s experience was not found to affect the choice of
procedure (p = 0.136). Operating time was shorter (154 min ±
50 vs. 177 min ± 50, p = 0.005) in the HP group and there
were no significant differences regarding blood loss (200 ml
± 204 vs. 194 ml ± 208, p = 0.684). Patients who underwent
PA had a significantly shorter hospital (12.5 ± 4.8 vs. 18.8 ±
13.9 days, p = 0.002) and ICU stay (1.7 ± 2.4 vs. 4.7 ±
6.3 days, p < 0.001). Stoma reversal was significantly more
frequent after PA (86.9% vs. 43.9%, p < 0.001).

In only one case, damage control surgery with an initial
resection of the perforated colon was performed, followed
by secondary reconstruction with PA 48 h later.

Results from a uni- and multivariate logistic regression
analysis of risk factors associated with major complications

Table 2 Intra- and postoperative
outcomes according to the chosen
surgical technique (HP vs. PA)

Hartmann’s procedure
(n = 66)

Primary anastomosis
(n = 65)

P
value

Laparoscopic procedure, n (%) 3 (4.5%) 14 (21.5%) .004

Conversions to open surgery, n (%) 4 (57.1%) 15 (51.7%) .796

Operating time, min, mean (± SD) 154 (± 50) 177 (± 50) .005

Blood loss, ml, mean (± SD) 200 (± 204) 194 (± 208) .684

Hospital stay, day, mean (± SD) 18.8 (± 13.9) 12.5 (± 4.8) .002

ICU stay, day, mean (± SD) 4.7 (± 6.3) 1.7 (± 2.4) .001

Major complications ≥ 3b, n (%) 20 (30.3%) 6 (9.2%) .002

Primary wound closure, n (%) 48 (72.7%) 42 (65.6%) .317

Superficial incisional SSI, n (%) 9 (13.6%) 4 (6.1%) .152

Deep incisional SSI, n (%) 1 (1.5%) 0 (0%) .319

Organ/space SSI, n (%) 3 (4.5%) 3 (4.6%) .367

Anastomosis insufficiency or rectal stump
leak, n (%)

2 (3.0%) 3 (4.5%) .636

Mortality within 30 days, n (%) 7 (10.6%) 0 (0%) .007

Stoma reversal, n (%) 29 (43.9%) 20/23 (86.9%) < .001

Table 3 Re-operation for
abdominal complications Hartmann’s procedure Primary anastomosis

Rectal stump leak/anastomosis insufficiency, n 2 2

Postoperative abdominal bleeding, n 2 1

Stoma ischemia, n 2 0

Uncontrolled sepsis, n 1 1

Small bowel anastomosis insufficiency, n 1 0

Fascial dehiscence, n 1 0

Port site hernia, n 0 1

Parastomale hernia with ileus, n 0 1

Total 9 6
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are shown in Table 4. PA and a lower P-POSSUMPhysiology
Score were significantly associated with a lower incidence of
major complications (OR 0.24, 95% CI 0.06–0.96, p = 0.044
and OR 1.19, 95% CI 1.07–1.32, p = 0.001, respectively),
even after taking into consideration known risk factors such
as age, BMI, gender, polypharmacy, Hinchey stadium, sur-
geon’s experience, and CCI.

Discussion

Despite the consistent efforts over the past decades, no con-
sensus exists regarding the best surgical therapeutic strategy
for perforated diverticulitis in terms of efficacy or safety, and
the optimal approach is still undetermined [22]. HP and PA
are the most evaluated and accepted options for surgical treat-
ment. With our work, we want to contribute to the current
evidence with a retrospective multicenter study comparing
patients’ characteristics affecting choice of procedure and
postoperative outcomes independent of known surgical risk
factors.

To the best of our knowledge, this is one of the largest
series of consecutive patients with Hinchey III and IV diver-
ticulitis, where a comparison of PA and HP was carried out.
Regarding the choice of procedure, HP was performed more
frequently in Hinchey stage IV, in older patients and in pa-
tients with significantly higher comorbidities and worse prog-
nostic scores. Similar results were also demonstrated in other
retrospective and prospective studies for surgical treatment of

complicated diverticulitis, being HP the preferred therapeutic
approach in aged and more compromised patients [23–27].

The overall mortality rate was 5.3% and significantly
higher in the HP group (10.6% vs. 0%). Our results are in line
with those of a meta-analysis that included 3546 patients in 22
observational studies and 3 RCTs, published in 2019 by
Halim et al. [28]: in this meta-analysis, overall mortality was
lower in the PA group than in the HP group across the obser-
vational studies (OR 0.60, 95% CI 0.38–0.95, p = 0.03) but
not in the meta-analysis of the RCTs (OR 0.44, 95% CI 0.14–
1.34, p = 0.15). The most recent randomized controlled trial
by Lambricht et al., which was not included in the aforemen-
tioned meta-analysis, reported similar outcomes after the in-
dex procedure and overall morbidity was only different after
the stoma reversal procedure. A 12-month stoma-free surviv-
al, which was the primary endpoint in this study, was superior
in the PA group. This result is not surprising, and it raises the
possibility that stoma closure in HP patients was not consid-
ered because of fear of operative complications [15]. Another
meta-analysis by Cirocchi et al. in 2013 reported lower mor-
tality and morbidity rates following PA, but recommended
caution in the interpretation of such results due to limitations
in the quality of the included studies and their heterogeneity
[29].

As expected and shown in the literature, the stoma reversal
rate was significantly higher in the PA group. Several studies
showed that patients who underwent PA with ileostomy were
more likely to be stoma-free with lower morbidity and

Table 4 Uni- and multivariate
logistic regression analysis for
major morbidity (complications
≥ 3b according to the Clavien-
Dindo classification)

Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Primary anastomosis 0.23 0.08–0.63 .004 0.24 0.06–0.96
.044

Age 1.03 0.99–1.07 .055 0.97 0.92–1.02
.341

BMI* 0.94 0.85 – 1.03 .196 0.91 0.81–1.02
.125

Male gender 1.10 0.46–2.60 .825 1.23 0.40–3.75
.710

Charlson Comorbidity Index 1.25 1.08–1.46 .003 0.98 0.73–1.32
.912

P-POSSUM Physiology Score 1.17 1.08–1.25 > .001 1.19 1.07–1.32
.001

Surgeon’s experience 1.34 0.56–3.18 .510 1.70 0.57–5.04
.335

Polypharmacy 1.62 0.68–3.85 .276 0.66 0.18–2.40
.529

Hinchey stadium (IV vs. III) 1.31 0.49–3.51 .586 0.57 0.15–2.16
.414

*BMI, body mass index
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mortality related to the stoma reversal procedure in compari-
son with HP [12, 13, 30].

After HP, rectal stump leak is a severe complication, often
requiring an operative revision and may be underestimated; in
literature, pelvis sepsis rate after rectal stump complication
varies from 3 until 33% [31]. In our series, both rectal stump
leakages developed in elderly and frail patients after HP for
Hinchey IV diverticulitis. The incidence of anastomotic leak
in our study was 4.6% and was similar to that found in the
literature [32]. In all these cases, the patients were not immu-
nosuppressed and no intraoperative complications were
documented.

In our study, a defunctioning ileostomy was mainly per-
formed based on the surgeon’s experience. Regarding the
choice of protecting the anastomosis, we are aware of the fact
that our approach may be subject to criticism. Although for
rectal anastomosis in low rectal surgery, a defunctioning sto-
ma has been confirmed to reduce intervention rate in the pres-
ence of a leak, no definitive consensus has been reported con-
sidering the role of proximal diversion in patients with
Hinchey III and IV by sigma perforation. In the guidelines
of the American Society of Colon and Rectal Surgeons, in
the German S2k guidelines for diverticular disease as well as
in the WSES Guidelines for the management of acute left-
sided colonic diverticulitis it is stated that PA with or without
ileostomy is considered the alternative to HP in Hinchey III
and IV diverticulitis. On the contrary, in EAES/SAGES con-
sensus, PA with ileostomy represents the only alternative
mentioned [4, 33–35]. In our PA group, the use of a proximal
diverting stoma did not influence the outcome, but no solid
conclusions can be drawn due to the small sample size.
Although prospective studies are required to exactly investi-
gate the role of proximal diversion in the PA in Hinchey III
and IV patients, we strongly suggest that a defunctioning sto-
ma should be always performed in case of a high-risk
anastomosis.

In our cohort, only one patient underwent a damage control
surgery with resection and lavage due to preoperative severe
sepsis. The patient was discharged after 16 days of hospitali-
zation without any major complications. This anecdotal report
does not allow us to advocate for damage control surgery as a
recognized strategy in this setting. However, this approach is
emerging as an alternative to HP in selected patients with
ongoing severe sepsis as stated in the WSES guidelines about
management of intra-abdominal sepsis and further efforts are
needed to build the necessary evidence [35].

Laparoscopic surgery is routinely practiced for elective co-
lorectal resections in all institutions contributing to this study
and even surgeons in training are familiar with minimally
invasive procedures. However, laparoscopic treatment of per-
forated diverticulitis and generalized peritonitis was only per-
formed in 21.5% of PA and 4.5% of HP reflecting the limita-
tions of this technique for an emergency situation in a hostile

abdomen [36, 37]. Concerning the high rate of conversion
from laparoscopy to open surgery, without any statistical dif-
ference between the PA and the HP group (51.7 vs. 57%, p =
1, respectively), we would specify that all the patients receiv-
ing a laparoscopic approach were patients with stable clinical
conditions, while hemodynamically unstable patients always
received directly open surgery. To confirm this statement, we
performed a statistical analysis of the 15 patients who needed
a conversion; the analysis showed that P-POSSUM score and
Charlson comorbidity score of those patients were statistically
better compared to the critically ill patients requiring a direct
open approach (p = 0.047 and p = 0.026, respectively).

Finally, we would also point out that a laparoscopic ap-
proach is feasible only in stable patients and if the surgeon is
comfortable with it, taking into consideration in the decision-
making process the high probability for conversion. In all
hemodynamically unstable patients, the open approach must
be the preferred choice.

The primary limitation of this study is its non-randomized
study design, which can produce a high selection bias.
However, it has been shown that randomization in the life-
threatening condition is difficult to apply, mostly due to med-
ical staff’s failure to comply with the randomization protocol,
or patients not willing to participate, and that patient selection
is a potential concern even in a randomized design, as reported
by Binda [12]. In the analysis of his multicenter study, the
author complained about the refusal of some surgeons to ran-
domize ill patients, as a result of their skepticism in the appli-
cability of PA in patients with generalized peritonitis [38].
This resulted in poor recruitment and premature termination
of the trial, before achieving the planned sample size as
highlighted in a meta-analysis by Shaban et al., who stated
that the included RCTs were underpowered [32].

In addition, the widespread consensus that, in case of gen-
eralized peritonitis, HP should be preferred to PA influenced
also our surgeons and should be taken into consideration in
the interpretation of our results, representing a selection bias,
which can influence the reliability of our conclusions. Despite
this, PA was performed in almost 50% of patients, which
represents the highest percentage in the literature in compari-
son to similar observational studies (Trenti et al. 2011: PA in
31% over 87 patients, Gawlick et al. 2012: 13% over 1933
patients, Vennix et al. 2015: 7% over 258 patients) [11, 30,
39].

In order to reduce the bias of the estimate of the treatment
effect, we performed a uni- and multivariate logistic regres-
sion analysis of risk factors associated with major complica-
tions. As shown in our results, PA and a lower P-POSSUM
Physiology Score were significantly associated with a lower
risk of developing major complications, even after adjusting
for these risk factors in the multivariate analysis. The superi-
ority of PA regarding postoperative morbidity in a logistic
regression analysis considering Hinchey Stadium, Peritonitis
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Severity Score, and ASA-Score was described by Trenti et al.
[11]. To the best of our knowledge, this is the first study with a
significant result in a multivariate analysis taking into consid-
eration surgeons’ experience, comorbidities as well as the
clinical condition of the patient on the day of surgery. We
suggest that our findings must be interpreted with caution,
due to a selection bias, which remains possible based on the
retrospective nature of the study design.

To summarize, the results of our study support the recent
evidence describing how PA is a valid alternative to HP, not
only in patients with a mildly contaminated abdomen but also
in the presence of generalized peritonitis, taking into account
short-term surgical outcomes and stoma reversal rate. In
Europe, there is increasing evidence that favors PA which is
slowly accepted by practicing surgeons, even though the pre-
ferred therapy is still the non-reconstructive approach. In
Northern England, an analysis of 3394 patients with perforat-
ed diverticulitis showed a primary anastomosis in only 18% of
resections, without statistical changes over the last 14 years
[40]. In a recent US-nationwide study, only a few patients
underwent an emergency colectomy for diverticulitis with pri-
mary anastomosis (7.6%), in the majority of patients (92.4%)
Hartmann’s procedure was performed [25]. As suggested by
the guidelines of the American Society of Colon and Rectal
Surgeons (2020), “the decision to restore bowel continuity
should incorporate patient factors, intraoperative factors, and
surgeon preference.” [33] However, based on our results and
the increasing evidence in the literature, the surgeon’s prefer-
ence should be no longer a main factor affecting the therapeu-
tic approach, and PA with or without ileostomy should be the
preferred option in cardiopulmonary stable patients with per-
forated diverticulitis.

Conclusion

There is increasing evidence, including our study, which sup-
ports that PA, with or without defunctioning ileostomy, is at
least as safe as HP in the treatment of Hinchey III and IV
complicated diverticulitis in cardiopulmonary stable patients.
Furthermore, patients who undergo PA are more likely to be
stoma-free compared to patients who undergo HP. Additional
research is warranted to characterize predictive factors for pa-
tients with Hinchey III and IV diverticulitis who are at higher
risk for anastomotic leakage and might benefit from a divert-
ing loop ileostomy at the time of surgery in case of PA.

Author’s contribution I Facile: study conception and design, acquisition
of data, analysis and interpretation of data, drafting of manuscript; R
Galli: study conception and design, acquisition of data, analysis and in-
terpretation of data; P Dinter: acquisition of data; R Rosenberg: study
conception and design, critical revision of manuscript; M von Flüe: study
conception and design, critical revision of manuscript; D Steinemann:
study conception and design, critical revision of manuscript; A

Posabella: study conception and design, analysis and interpretation of
data, drafting of manuscript; R Droeser: study conception and design,
analysis and interpretation of data, critical revision of manuscript.

Funding Open access funding provided by University of Basel.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval The study was conducted in compliance with the cur-
rent version of the Declaration of Helsinki and was approved by the local
ethical committee of Nordwestschweiz (EKNZ-2019-01635).

Consent to participate Informed consent was obtained from all individ-
ual participants included in the study.

Consent to publish Patients signed informed consent regarding publish-
ing their data.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. 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. You K, Bendl R, Taut C, Sullivan R, Gachabayov M, Bergamaschi
R, Study Group on D (2018) Randomized clinical trial of elective
resection versus observation in diverticulitis with extraluminal air
or abscess initially managed conservatively. Br J Surg 105(8):971–
979. https://doi.org/10.1002/bjs.10868

2. LambMN, Kaiser AM (2014) Elective resection versus observation
after nonoperative management of complicated diverticulitis with
abscess: a systematic review and meta-analysis. Dis Colon Rectum
57 (12 ) : 1430–1440 . h t t p s : / / d o i . o r g / 10 . 1097 /DCR.
0000000000000230

3. Siewert B, Tye G, Kruskal J, Sosna J, Opelka F, Raptopoulos V,
Goldberg SN (2006) Impact of CT-guided drainage in the treatment
of diverticular abscesses: size matters. AJR Am J Roentgenol
186(3):680–686. https://doi.org/10.2214/AJR.04.1708

4. Francis NK, Sylla P, Abou-Khalil M, Arolfo S, Berler D, Curtis NJ,
Dolejs SC, Garfinkle R, Gorter-StamM, Hashimoto DA, Hassinger
TE, Molenaar CJL, Pucher PH, Schuermans V, Arezzo A, Agresta
F, Antoniou SA, Arulampalam T, Boutros M, Bouvy N, Campbell
K, Francone T, Haggerty SP, Hedrick TL, Stefanidis D, Truitt MS,
Kelly J, Ket H, Dunkin BJ, Pietrabissa A (2019) EAES and SAGES
2018 consensus conference on acute diverticulitis management:
evidence-based recommendations for clinical practice. Surg
Endosc 33(9):2726–2741. https://doi.org/10.1007/s00464-019-
06882-z

127Langenbecks Arch Surg (2021) 406:121–129

https://doi.org/
https://doi.org/10.1002/bjs.10868
https://doi.org/10.1097/DCR.0000000000000230
https://doi.org/10.1097/DCR.0000000000000230
https://doi.org/10.2214/AJR.04.1708
https://doi.org/10.1007/s00464-019-06882-z
https://doi.org/10.1007/s00464-019-06882-z


5. Hartmann HA (1923) Nouveau procé dé d’ablation des cancers de
la partie terminale du colon pelvien. Congres Francais de Chirurgia
30:2241

6. Cirocchi R, Afshar S, Di Saverio S, Popivanov G, De Sol A,
Gubbiotti F, Tugnoli G, Sartelli M, Catena F, Cavaliere D, Tabola
R, Fingerhut A, Binda GA (2017) A historical review of surgery for
peritonitis secondary to acute colonic diverticulitis: from Lockhart-
Mummery to evidence-basedmedicine.World J Emerg Surg 12:14.
https://doi.org/10.1186/s13017-017-0120-y

7. Antolovic D, Reissfelder C, Ozkan T, Galindo L, Buchler MW,
Koch M, Weitz J (2011) Restoration of intestinal continuity after
Hartmann’s procedure–not a benign operation. Are there predictors
for morbidity? Langenbeck's Arch Surg 396(7):989–996. https://
doi.org/10.1007/s00423-011-0763-1

8. Maggard MA, Zingmond D, O'Connell JB, Ko CY (2004) What
proportion of patients with an ostomy (for diverticulitis) get re-
versed? Am Surg 70(10):928–931

9. Vermeulen J, Coene PP, Van Hout NM, van der Harst E, Gosselink
MP,Mannaerts GH,WeidemaWF, Lange JF (2009) Restoration of
bowel continuity after surgery for acute perforated diverticulitis:
should Hartmann’s procedure be considered a one-stage procedure?
Color Dis 11(6):619–624. https://doi.org/10.1111/j.1463-1318.
2008.01667.x

10. Regenet N, Pessaux P, Hennekinne S, Lermite E, Tuech JJ, Brehant
O, Arnaud JP (2003) Primary anastomosis after intraoperative co-
lonic lavage vs. Hartmann’s procedure in generalized peritonitis
complicating diverticular disease of the colon. Int J Color Dis
18(6):503–507. https://doi.org/10.1007/s00384-003-0512-1

11. Trenti L, Biondo S, Golda T,Monica M, Kreisler E, Fraccalvieri D,
Frago R, Jaurrieta E (2011) Generalized peritonitis due to perforat-
ed diverticulitis: Hartmann’s procedure or primary anastomosis? Int
J Color Dis 26(3):377–384. https://doi.org/10.1007/s00384-010-
1071-x

12. Binda GA, Karas JR, Serventi A, Sokmen S, Amato A, Hydo L,
Bergamaschi R, Study Group on D (2012) Primary anastomosis vs
nonrestorative resection for perforated diverticulitis with peritonitis:
a prematurely terminated randomized controlled trial. Color Dis
14(11):1403–1410. https://doi.org/10.1111/j.1463-1318.2012.
03117.x

13. 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(5):819–826;
d i s cu s s ion 826 -817 . h t t p s : / / do i . o rg /10 .1097 /SLA .
0b013e31827324ba

14. 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(6):798–
805. https://doi.org/10.1016/j.jamcollsurg.2017.09.004

15. Lambrichts DPV, Vennix S, Musters GD, Mulder IM, Swank HA,
Hoofwijk AGM, Belgers EHJ, Stockmann H, Eijsbouts QAJ,
Gerhards MF, van Wagensveld BA, van Geloven AAW, Crolla
R, Nienhuijs SW, Govaert M, di Saverio S, D'Hoore AJL,
Consten ECJ, van Grevenstein WMU, Pierik R, Kruyt PM, van
der Hoeven JAB, Steup WH, Catena F, Konsten JLM, Vermeulen
J, van Dieren S, Bemelman WA, Lange JF, collaborators Lt (2019)
Hartmann’s procedure versus sigmoidectomy with primary anasto-
mosis for perforated diverticulitis with purulent or faecal peritonitis
(LADIES): a multicentre, parallel-group, randomised, open-label,
superiority trial. Lancet Gastroenterol Hepatol 4(8):599–610.
https://doi.org/10.1016/S2468-1253(19)30174-8

16. Zorcolo L, Covotta L, Carlomagno N, Bartolo DC (2003) Toward
lowering morbidity, mortality, and stoma formation in emergency
colorectal surgery: the role of specialization. Dis Colon Rectum
46(11):1461–1467; discussion 1467-1468. https://doi.org/10.
1007/s10350-004-6793-9

17. Prytherch DR, Whiteley MS, Higgins B, Weaver PC, Prout WG,
Powell SJ (1998) POSSUM and Portsmouth POSSUM for
predicting mortality. Physiological and Operative Severity Score
for the enUmeration of Mortality and morbidity. Br J Surg 85(9):
1217–1220

18. Mohil RS, Bhatnagar D, Bahadur L, Rajneesh, Dev DK, Magan M
(2004) POSSUM and P-POSSUM for risk-adjusted audit of pa-
tients undergoing emergency laparotomy. Br J Surg 91(4):500–
503. https://doi.org/10.1002/bjs.4465

19. Ramkumar T, Ng V, Fowler L, Farouk R (2006) A comparison of
POSSUM, P-POSSUM and colorectal POSSUM for the prediction
of postoperative mortality in patients undergoing colorectal resec-
tion. Dis Colon Rectum 49(3):330–335. https://doi.org/10.1007/
s10350-005-0290-7

20. Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG (1992)
CDC definitions of nosocomial surgical site infections, 1992: a
modification of CDC definitions of surgical wound infections.
Infect Control Hosp Epidemiol 13(10):606–608

21. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE (2017) What
is polypharmacy? A systematic review of definitions. BMC Geriatr
17(1):230. https://doi.org/10.1186/s12877-017-0621-2

22. O'Leary DP, Lynch N, Clancy C, Winter DC, Myers E (2015)
International, expert-based, consensus statement regarding the
management of acute diverticulitis. JAMA Surg 150(9):899–904.
https://doi.org/10.1001/jamasurg.2015.1675

23. Vermeulen J, Akkersdijk GP, Gosselink MP, Hop WC, Mannaerts
GH, van der Harst E, Coene PP, Weidema WF, Lange JF (2007)
Outcome after emergency surgery for acute perforated diverticulitis
in 200 cases. Dig Surg 24(5):361–366. https://doi.org/10.1159/
000107719

24. Constantinides VA, Tekkis PP, Senapati A, Association of
Coloproctology of Great Britain I (2006) Prospective multicentre
evaluation of adverse outcomes following treatment for complicat-
ed diverticular disease. Br J Surg 93(12):1503–1513. https://doi.
org/10.1002/bjs.5402

25. Lee JM, Bai PCJ, El Hechi M, Kongkaewpaisan N, Bonde A,
Mendoza AE, Saillant NN, Fagenholz PJ, Velmahos G, Kaafarani
HM (2019) Hartmann’s procedure vs primary anastomosis with
diverting loop ileostomy for acute diverticulitis: nationwide analy-
sis of 2,729 emergency surgery patients. J Am Coll Surg 229(1):
48–55. https://doi.org/10.1016/j.jamcollsurg.2019.03.007

26. Biondo S, Ramos E, Deiros M, Rague JM, De Oca J, Moreno P,
Farran L, Jaurrieta E (2000) Prognostic factors for mortality in left
colonic peritonitis: a new scoring system. J Am Coll Surg 191(6):
635–642. https://doi.org/10.1016/s1072-7515(00)00758-4

27. Zingg U, Pasternak I, Dietrich M, Seifert B, Oertli D, Metzger U
(2010) Primary anastomosis vs Hartmann’s procedure in patients
undergoing emergency left colectomy for perforated diverticulitis.
Color Dis 12(1):54–60. https://doi.org/10.1111/j.1463-1318.2008.
01694.x

28. Halim H, Askari A, Nunn R, Hollingshead J (2019) Primary resec-
tion anastomosis versus Hartmann’s procedure in Hinchey III and
IV diverticulitis. World J Emerg Surg 14:32. https://doi.org/10.
1186/s13017-019-0251-4

29. Cirocchi R, Trastulli S, Desiderio J, Listorti C, Boselli C, Parisi A,
Noya G, Liu L (2013) Treatment of Hinchey stage III-IV divertic-
ulitis: a systematic review and meta-analysis. Int J Color Dis 28(4):
447–457. https://doi.org/10.1007/s00384-012-1622-4

30. Vennix S, Lips DJ, Di Saverio S, van Wagensveld BA, Brokelman
WJ, Gerhards MF et al (2016) Acute laparoscopic and open

128 Langenbecks Arch Surg (2021) 406:121–129

https://doi.org/10.1186/s13017-017-0120-y
https://doi.org/10.1007/s00423-011-0763-1
https://doi.org/10.1007/s00423-011-0763-1
https://doi.org/10.1111/j.1463-1318.2008.01667.x
https://doi.org/10.1111/j.1463-1318.2008.01667.x
https://doi.org/10.1007/s00384-003-0512-1
https://doi.org/10.1007/s00384-1071
https://doi.org/10.1007/s00384-1071
https://doi.org/10.1111/j.1463-1318.2012.03117.x
https://doi.org/10.1111/j.1463-1318.2012.03117.x
https://doi.org/10.1097/SLA.0b013e31827324ba
https://doi.org/10.1097/SLA.0b013e31827324ba
https://doi.org/10.1016/j.jamcollsurg.2017.09.004
https://doi.org/10.1016/S2468-1253(19)30174-8
https://doi.org/10.1007/s10350-004-6793-9
https://doi.org/10.1007/s10350-004-6793-9
https://doi.org/10.1002/bjs.4465
https://doi.org/10.1007/s10350-005-0290-7
https://doi.org/10.1007/s10350-005-0290-7
https://doi.org/10.1186/s12877-017-0621-2
https://doi.org/10.1001/jamasurg.2015.1675
https://doi.org/10.1159/000107719
https://doi.org/10.1159/000107719
https://doi.org/10.1002/bjs.5402
https://doi.org/10.1002/bjs.5402
https://doi.org/10.1016/j.jamcollsurg.2019.03.007
https://doi.org/10.1016/s1072-7515(00)00758-4
https://doi.org/10.1111/j.1463-1318.2008.01694.x
https://doi.org/10.1111/j.1463-1318.2008.01694.x
https://doi.org/10.1186/s13017-019-0251-4
https://doi.org/10.1186/s13017-019-0251-4
https://doi.org/10.1007/s00384-012-1622-4


sigmoidectomy for perforated diverticulitis: a propensity score-
matched cohort. Surg Endosc 30(9):3889–3896

31. Trickett JP, Tilney HS, Gudgeon AM, Mellor SG, Edwards DP
(2005) Management of the rectal stump after emergency sub-total
colectomy: which surgical option is associated with the lowest mor-
bidity? Color Dis 7(5):519–522. https://doi.org/10.1111/j.1463-
1318.2005.00875.x

32. Shaban F, Carney K, McGarry K, Holtham S (2018) Perforated
diverticulitis: to anastomose or not to anastomose? A systematic
review and meta-analysis. Int J Surg 58:11–21. https://doi.org/10.
1016/j.ijsu.2018.08.009

33. Hall J, Hardiman K, Lee S, Lightner A, Stocchi L, Paquette IM,
Steele SR, Feingold DL, Prepared on behalf of the Clinical Practice
Guidelines Committee of the American Society of Colon and
Rectal Surgeons (2020) The American Society of Colon and
Rectal Surgeons clinical practice guidelines for the treatment of
left-sided colonic diverticulitis. Dis Colon Rectum 63(6):728–747.
https://doi.org/10.1097/DCR.0000000000001679

34. Kruis W, Germer CT, Leifeld L, German Society for
Gastroenterology D, Metabolic D, The German Society for G
et al (2014) Diverticular disease: guidelines of the german society
for gastroenterology, digestive and metabolic diseases and the ger-
man society for general and visceral surgery. Digestion. 90(3):
190–207

35. Sartelli M, Weber DG, Kluger Y et al (2020) 2020 update of the
WSES guidelines for the management of acute colonic diverticulitis
in the emergency setting. World J Emerg Surg 15(1):32. https://doi.
org/10.1186/s13017-020-00313-4

36. Di Saverio S (2014) Emergency laparoscopy: a new emerging dis-
cipline for treating abdominal emergencies attempting to minimize
costs and invasiveness and maximize outcomes and patients’ com-
fort. J Trauma Acute Care Surg 77(2):338–350. https://doi.org/10.
1097/TA.0000000000000288

37. Collins D, Winter DC (2014) Laparoscopy in diverticular disease:
controversies. Best Pract Res Clin Gastroenterol 28(1):175–182.
https://doi.org/10.1016/j.bpg.2013.11.014

38. Binda GA, Serventi A, Puntoni M, Amato A (2015) Primary anas-
tomosis versus Hartmann’s procedure for perforated diverticulitis
with peritonitis: an impracticable trial. Ann Surg 261(4):e116–
e117. https://doi.org/10.1097/SLA.0000000000000536

39. Gawlick U, Nirula R (2012) Resection and primary anastomosis
with proximal diversion instead of Hartmann’s: evolving the man-
agement of diverticulitis using NSQIP data. J Trauma Acute Care
Surg 72(4):807–814; quiz 1124. Erratum in: J Trauma Acute Care
Surg. 2012 Aug;73(2):534. https://doi.org/10.1097/TA.
0b013e31824ef90b

40. Baldock TE, Brown LR, McLean RC (2019) Perforated diverticu-
litis in the North of England: trends in patient outcomes, manage-
ment approach and the influence of subspecialisation. Ann R Coll
Surg Engl 101(8):563–570. https://doi.org/10.1308/rcsann.2019.
0076

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

129Langenbecks Arch Surg (2021) 406:121–129

https://doi.org/10.1111/j.1463-1318.2005.00875.x
https://doi.org/10.1111/j.1463-1318.2005.00875.x
https://doi.org/10.1016/j.ijsu.2018.08.009
https://doi.org/10.1016/j.ijsu.2018.08.009
https://doi.org/10.1097/DCR.0000000000001679
https://doi.org/10.1186/s13017-020-00313-4
https://doi.org/10.1186/s13017-020-00313-4
https://doi.org/10.1097/TA.0000000000000288
https://doi.org/10.1097/TA.0000000000000288
https://doi.org/10.1016/j.bpg.2013.11.014
https://doi.org/10.1097/SLA.0000000000000536
https://doi.org/10.1097/TA.0b013e31824ef90b
https://doi.org/10.1097/TA.0b013e31824ef90b
https://doi.org/10.1308/rcsann.2019.0076
https://doi.org/10.1308/rcsann.2019.0076

	Short-...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study cohort
	Primary and secondary endpoint
	Ethical considerations
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


