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Abstract
Purpose Emergency surgical strategies for acute left-sided
colonic perforation are evolving preferring primary anastomo-
sis (PA) with ileostomy to Hartmann’s procedure (HP) based
on the morbidity and reversal rates. However, HP is still com-
monly performed. Hartmann’s reversal is associated with con-
siderable morbidity. It is of interest whether laparoscopic re-
versal results in a lower morbidity as retrospective data sug-
gest. Here, we compared the combinedmorbidity rates for two
surgical strategies: strategy A, HP followed by laparoscopic
reversal, and strategy B, sigmoid resection with PA followed
by ileostomy closure.
Methods Prospectively collected data of all consecutive pa-
tients undergoing HP for benign left-sided colonic perforation
between 2010 and 2014were retrospectively compared to data
of patients undergoing PA. Groups were matched for age and
Charlson comorbidity index. Additionally, patients were ana-
lyzed for American Society of Anesthesiologists score, body
mass index, and peritonitis stage. End points were morbidity,
operation time, reversal rate, time to reversal, and length of
hospital stay.

Results The study included 32 patients for whom Hartmann’s
reversal was planned, along with 32 matched patients who
underwent PA and diverting ileostomy. Median age was 75
and 72 years, Charlson score was 6 (4–9) and 6 (5–7), and
patients classified by the American Society of Anesthesiolo-
gists (ASA) higher than III were 81 % in both groups. Com-
bined major morbidity rates were 21 % for strategy A and
20 % for strategy B (p=1.0). Combined comprehensive com-
plication index was 16.4±14.1 and 12.3±19.1 (p=0.08). HP
reversal by laparoscopy was achieved in 71%. The colostomy
reversal rate was 75 % compared to ileostomy closure rate of
88 % (p=0.34).
Conclusions Laparoscopic Hartmann’s reversal is achievable
in a high proportion of patients. Strategy B tends to have lower
overall morbidity; meanwhile, major morbidity seems to be
similar. Yet, in critically ill patients and in the absence of
expertise of the surgeon on call, HP followed by elective lap-
aroscopic reversal represents a viable alternative.
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Introduction

Left colonic perforation with generalized purulent or fecal
peritonitis is a life-threatening condition that occurs with an
annual incidence of 3.4 to 4.5 per 100,000 individuals [1]. Its
most common etiology is acute diverticulitis, and it is fre-
quently also the first manifestation of diverticular disease
[1]. Perforated diverticulitis has been occurring with growing
frequency, predominantly among elderly patients with multi-
ple comorbidities [2]. In this population, the necessary emer-
gency surgical treatment is associated with substantial mor-
bidity and mortality [3].

This study has been orally presented at the 14th World Congress of
Endoscopic Surgery in Paris on June 2014.
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Hartmann’s procedure (HP) was originally developed for
malignant colonic obstruction in 1923 and has generally been
considered the gold standard for emergency treatment of acute
perforated diverticulitis [4]. However, Hartmann’s reversal is
associated with a high morbidity rate of 20–50 % and a mor-
tality rate of up to 5 %. Therefore, reversal procedures are
frequently denied to a majority of multimorbid patients, lead-
ing to permanent colostomy rate of 35–56 % in these cases
[5–7]. Consequently, surgical management of left-sided co-
lonic perforation is still controversially discussed [1, 3, 8]. A
number of retrospective studies [8–11] and three systematic
reviews [12–14] have reported that primary anastomosis (PA)
with ileostomy has a lower mortality than HP. However, mor-
tality is reportedly comparable within a subgroup of high-risk
patients [12–14], thus suggesting a selection bias in favor of
younger and healthier patients with lower peritonitis scores in
the primary anastomosis group [13–15]. A recent case-
matched study [11] and two multicenter randomized con-
trolled trials [16, 17] also demonstrated no difference in over-
all morbidity and mortality between HP and PA.

Laparoscopic lavage, which has been recently proposed for
colonic perforation with purulent peritonitis [18, 19], is asso-
ciated with a high-failure rate among patients with severe
peritonitis and multiple comorbid conditions [20, 21]. How-
ever, prospective randomized trials are still ongoing. There-
fore, in daily clinical practice, many surgeons still opt for a HP
[3, 22].

The laparoscopic Hartmann’s reversal (LHR) appears to be
a promising alternative to open surgery with data showing
benefits regarding morbidity, postoperative recovery, reoper-
ation rates, and length of hospital stay [5, 23–26]. A compar-
ison of LHR and open Hartmann reversal in 4148 patients out
of the American College of Surgeons National Surgical Qual-
ity Improvement Program database showed a significant low-
er overall complication rate in favor of the laparoscopic ap-
proach (18.4 versus 27 %, p<0.0001) [27]. However, the lit-
erature lacks well-designed studies comparing open to laparo-
scopic Hartmann’s reversal. Moreover, the available data are
likely to be confounded by a selection bias in favor of younger
and healthier patients receiving LHR.

The present study used a case-match approach with the aim
of comparing two strategies, i.e., the combined morbidity of
HP followed by LHR (strategy A) to that of sigmoid resection
with PA and diverting ileostomy followed by ileostomy clo-
sure (IC; strategy B) in patients with benign left-sided colonic
perforation and generalized peritonitis.

Material and methods

This study included all consecutive patients who underwent
HP for benign left-sided colonic perforation at the Cantonal
Hospital Baselland, considered a secondary center hospital,

between August 2010 and March 2014. These patients were
compared to a matched cohort of patients who underwent PA
with protective ileostomy for benign colonic perforation at the
University Hospital Zurich. General surgeons on call per-
formed HP, senior laparoscopic surgeons performed LHR,
and gastrointestinal surgeons performed PA.

All included patients were matched for age and comorbid-
ity according to the Charlson comorbidity score (Table 1) [28].
Patients were also compared with regard to baseline charac-
teristics, including the American Society of Anesthesiologists
(ASA) score, body mass index (BMI), and stage of peritonitis
according to the Hinchey classification (Table 1) [29].

Cumulative postoperative major morbidity of strategy A
(HP followed by LHR) compared to strategy B (sigmoid re-
section with PA and diverting ileostomy followed by
ileostomy closure (IC)) was assessed according to the
Clavien-Dindo classification (Table 1), with a major surgical
complication defined as grade IIIb or more [30]. We also
quantified the overall morbidity of both therapeutic strategies
using the comprehensive complication index (CCI) [31], a
continuous scale that cumulates all postoperative complica-
tions. Furthermore, postoperative death within 30 days after
surgery, operation time, reversal rate, time to reversal, and
length of hospital stay were assessed. Patients were analyzed
in an intention-to-treat manner.

Statistical analysis

Analyses of descriptive statistics and of significant differences
were performed using GraphPad® Prism version 5.00 for
Windows (GraphPad Software, San Diego, CA, USA). Pro-
portions were compared between groups using a two-tailed
Mann-Whitney test assuming a nonparametric distribution.
Categorical variables were compared using a two-sided Fish-
er’s exact test. The level of significance was set at 0.05.

Surgical technique of strategy A: Hartmann’s procedure
followed by laparoscopic Hartmann’s reversal

HP involved resection of the involved rectosigmoid—or the
left hemicolon if necessary—through a midline laparotomy.
The rectal stump was closed using a Contour™ curved cutter
stapler (2.5 in/64 mm; Ethicon Endo-Surgery, Somerville, NJ,
USA). No omentoplasty was performed. A left colostomywas
performed, without mobilization of the splenic flexure. Peri-
toneal irrigation was performed prior to laparotomy closure.

LHR was planned for all patients. Prior to colostomy clo-
sure, all patients underwent colonoscopy and contrast enema
examination of the colon and the rectal stump.

LHR was preceded by mechanical bowel preparation with
Moviprep™ (Norgine B.V., Amsterdam, The Netherlands).
After administration of single-shot antibiotic prophylaxis with
cefazolin and metronidazole, the colostomy was mobilized
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from the abdominal wall. Resection of the colostomy-bearing
colonic segment was performed before introduction of the

anvil of a 31-mm circular stapler (EEA™ 3.5/31 mm;
Covidien plc, Dublin, Ireland) and repositioning of the colon

Table 1 (a) Charlson comorbidity index [27], (b) Clavien-Dindo classification [29], and (c) Hinchey classification [28]

(a) Charlson comorbidity index

Condition Score

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Peptic ulcer disease
Mild liver disease
Diabetes without end-organ damage

1

Hemiplegia
Moderate or severe renal disease
Diabetes with end-organ damage
Tumor without metastases
Leukemia
Lymphoma

2

Moderate or severe liver disease 3

Metastatic solid tumor
Acquired immune deficiency syndrome

6

Age: for each decade, >40 years of age 1

(b) Clavien-Dindo classification

Grade Definition

Minor complications

I Any deviation from the normal postoperative course without
the need for pharmacological treatment or surgical,
endoscopic, and radiological interventions

Allowed therapeutic regimens are as follows: drugs as
antiemetics, antipyretics, analgesics, diuretics, and
electrolytes and physiotherapy. This grade also includes
wound infections opened at the bedside

II Requiring pharmacological treatment with drugs other than
such allowed for grade I complications

Blood transfusions and total parenteral nutrition are also
included

III Requiring surgical, endoscopic, or radiological intervention

a Intervention not under general anesthesia.

Major complications

b Intervention under general anesthesia

IV Life-threatening complication (including cerebral nervous system
complications as brain hemorrhage, ischemic stroke,
subarachnoidal bleeding, but excluding transient ischemic attacks).
Requiring intermediate or intensive care unit management

a Single-organ dysfunction (including dialysis)

b Multi-organ dysfunction

V Death of patient

(c) Hinchey classification

Grade Definition

I Localized abscess (paracolonic)

II Pelvic abscess

III Purulent peritonitis (the presence of pus in the abdominal cavity)

IV Feculent peritonitis (fecal contamination of the abdominal cavity)
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into the abdominal cavity. For laparoscopic reversal, a 12-mm
trocar (Versastep™; Covidien plc, Dublin, Ireland) was
inserted through the former colostomy site, and the fascia
was closed around it. After pneumoperitoneum establishment,
three additional 5-mm trocars (Karl Storz, GmbH & Co KG,
Tuttlingen, Germany) were placed step-by-step under vision
in a diamond position. When needed, an additional 5-mm
trocar was placed epigastrically in the midline. After
adhesiolysis, the left colon was mobilized, including the
splenic flexure and the rectal stump. End-to-end colorectal
anastomosis was performed using a 31-mm circular stapler.
An air leak test was performed.

Surgical technique of strategy B: sigmoid resection
with primary anastomosis and diverting ileostomy
followed by ileostomy closure

Emergency sigmoid or left colonic resection with PA was
performed through a midline incision, followed by identifica-
tion and resection of the perforated and diverticula-bearing
colonic segment.Mobilization of the left colon and the splenic
flexure, including ligation of the inferior mesenteric vessels,
were performed to create tension-free transanally stapled co-
lorectal anastomosis (CDH 29 mm; Ethicon Endo-Surgery,
Somerville, NJ, USA). Anastomosis integrity was verified
by an air leak test. Peritoneal lavage and abdominal drain
insertion were routinely employed. To create a diverting
ileostomy, a loop of terminal ileum was brought to the skin
in the left lower abdomen. The time to reversal of loop
ileostomy was determined according to the patient’s clinical
condition. Ileostomy reversal was performed by mobilization
of the stoma entry and end-to-end sutured anastomosis with or
without resection of the stoma-bearing ileum segment. The
skin wound was drained and primarily closed.

Antibiotic treatment

All patients received appropriate antibiotic treatment af-
ter the primary resectional procedure (amoxicillin/
clavulanic acid or tazobactam; in cases of pencillin in-
tolerance, ciprofloxacin and metronidazole). Single-shot
antibiotic prophylaxis (2nd generation cephalosporin and
metronidazole) was administered prior to the reversal
procedure.

Results

Patient selection

Fifty-three patients presenting with acute left-sided colonic
perforation and generalized purulent or fecal peritonitis
underwent HP (Fig. 1). Fourteen patients with underlying ma-
lignant disease and 7 patients who died in the postoperative
course (<30 days after surgery) after HP were excluded from
the study. The remaining 32 patients were included in the
analysis (strategy A).

Patient characteristics of matched cohorts

Patients who underwent strategy A were matched to 32
patients who underwent strategy B. Table 2 shows median
age, median Charlson comorbidity index, gender, BMI,
and ASA score, which were comparable between groups,
with a tendency for a higher proportion of ASA IV pa-
tients undergoing strategy A (31.3 vs. 9.4 %, p=0.06).
Among the 32 patients who underwent HP, 21 presented
with acute complicated diverticulitis while the remaining
11 patients had left colonic perforation with generalized
peritonitis from other causes of perforation (Table 2).

Fig. 1 Consort diagram
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Among the patients who underwent PA, 84 % (n=27)
suffered from acutely perforated diverticulitis.

Reversal rate

Reversal could be performed in 75.0 % of patients after HP
(24/32) compared to in 87.5 % of patients after PA (28/32)
(p=0.34). In strategy A, surgeons (with the patients’ consent)
refrained from colostomy reversal in seven patients due to
severe comorbidity or in one patient for fecal incontinence.
Four patients who underwent strategy B did not receive an IC
due to transplant organ infection in a kidney transplant patient,
severe comorbidity, severe dementia, and a planned neurosur-
gical intervention. The median time from HP to LHR was
16.3 weeks (12.0–19.3) while the median time from PA to
IC was 14.1 weeks (9.4–23.3) (p=0.51).

Morbidity

The combined major morbidity rate for strategy Awas 21.4 %
(12 out of 56 procedures) compared to 20 % (12 out of 60
procedures) for strategy B (p=1.0). The major morbidity rate
in strategy A of HP alone was 31.3 % (n=10) as compared to
25.0 % (n=8) after PAwith ileostomy in strategy B (p=0.78).
Major morbidity after colostomy reversal were 8 % (n=2)
among patients who underwent strategy A, compared to
14.3 % (n=4) among those who underwent strategy B (p=
0.67) (Fig. 2). Major post-reversal complications in strategy A
occurred only in the group of converted patients: one anasto-
motic leakage and one aspiration pneumonia requiring me-
chanical ventilation. In strategy B, major post-reversal com-
plications occurred in two patients reoperated for
intraabdominal abscess without evidence of anastomotic

Table 2 Patient characteristics.
Major morbidity is defined as
Clavien-Dindo score ≥IIIb

Strategy A (n=32) Strategy B (n=32) p value

Median age in years (range) 75 (67–83) 72 (64–81) 0.38

Median Charlson score (range) 6 (4–9) 6 (5–7) 0.94

Gender, men/women 15/17 12/20 0.61

Median BMI (range) 26 (22–31) 25 (22–28) 0.72

ASA≥III, n (%) 26/32 (81.3 %) 26/32 (81.3 %) 1.0

ASA I 0/32 (0 %) 0/32 (0 %) 1.0

ASA II 6/32 (18.3 %) 6/32 (18.3 %) 1.0

ASA III 16/32 (50 %) 23/32 (71.9 %) 0.13

ASA IV 10/32 (31.3 %) 3/32 (9.4 %) 0.06

Diagnosis

Diverticulitis, n (%) 21/32 (65.7 %) 27/32 (84.4 %)

Other perforation, n (%) 4/32 (12.5 %) 0/32 (0.0 %)

Anastomotic leakage, n (%) 4/32 (15.2 %) 3/32 (9.4 %)

Colon ischemia, n (%) 3/32 (9.4 %) 2/32 (6.3 %)

Peritonitis

Hinchey III/IV 19/13 25/7 0.10

Morbidity

Combined major morbidity (%) 12/56 (21.4 %) 12/60 (20 %) 1.0

Combined CCI, mean±SD 16.4±14.1 12.3±19.1 0.08

Resection major morbidity (%) 10/32 (31.3 %) 8/32 (25 %) 0.78

Resection CCI, mean±SD 23.6±23 16.8±20.7 0.25

Reversal major morbidity (%) 2/24 (8.3 %) 4/28 (14.3 %) 0.67

Reversal CCI, mean±SD 12.2±19.9 8.8±20.5 0.33

Reversal rate, n (%) 24/32 (75.0 %) 28/32 (87.5 %) 0.34

Days to reversal (range) 114 (84–135) 99 (66–163) 0.51

Operation time, in minutes (range)

resection 126 (113–163) 195 (150–255) <0.0001

reversal 177 (141–216) 70 (60–90) <0.0001

laparoscopic reversal 166 (137–190) 0.04
open reversal 254 (175–301)

LOS resection, days (range) 17 (13–25) 18.5 (14–26) 0.38

LOS reversal, days (range) 10 (8–12) 8 (6–11) 0.06
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leakage, one patient necessitating wound revision under gen-
eral anesthesia for wound infection with fascia necrosis. A
further patient developed a symptomatic thrombosed aneu-
rysm of the carotid artery and underwent vascular surgical
intervention on postoperative day 6.

The mean CCI, describing the overall morbidity, of strate-
gy A was 16.4±14.1, whereas patients receiving strategy B
had a CCI of 12.3±19.1 (p=0.08). In strategy A, mean CCI
for HP alone was 23.6±23 following HP, compared to 16.8±
20.7 for PAwith loop ileostomy alone in strategy B (p=0.25).
The mean CCI associated with LHR was 12.2±19.9 com-
pared to 8.8±20.5 following IC (p=0.33) (Fig. 3).

Conversion rate

Although LHR was planned for all HP patients, in 2 patients,
it was decided in advance to instead proceed with open rever-
sal for inability to tolerate pneumoperitoneum due to severe
cardiopulmonary comorbidity and for large incisional hernia
necessitating open repair. Additionally, an attempted LHR in
five patients had to be converted to open corresponding to a
conversion rate of 22.7 %. Reasons for conversion were ex-
tensive adhesions (n=3), necessity of mobilizing the right co-
lonic flexure, and short rectal stump. Ultimately, LHR was
feasible in 17 out of 24 HP patients (71 %).

Operation time and length of hospital stay

Table 2 shows the median operation times. Both groups
showed similar median lengths of stay for resection. The du-
ration of the second hospital stay for stoma reversal was
10 days (range, 8–12 days) with strategy A and 8 days (range,
6–11 days) with strategy B (p=0.06).

Discussion

To our knowledge, this is the first case-controlled study to
compare the combined morbidity of HP and subsequent
LHR (strategy A) to that of sigmoid resection with PA with
diverting ileostomy and IC (strategy B) among patients with
benign left colonic perforation. We found a high feasibility of
LHR and achieved a high stoma closure rate in both groups.

Consistent with retrospective studies [10, 11, 32], one ran-
domized controlled trial showed a significantly higher reversal
rate for PA (90 vs. 57 %) [16]. However, another randomized
controlled trial [17] showed no difference in stoma reversal
rates. Our present findings showed a colostomy reversal rate
of as high as 75 % despite high comorbidity and ASA scores.
We found no disadvantage in terms of the time interval be-
tween resection to reversal in strategy A compared to strategy
B, which again was in disagreement with current literature [5,
26]. The present high colostomy reversal rate could be ex-
plained by the fact that laparoscopic reversal was already
planned at time of primary intervention, and patients were
followed closely until reversal. Moreover, given the low mor-
bidity and the high surgical feasibility in our experience, the
threshold for the indication to LHR was set low. It also has to
be taken into account that the favorable results of LHR, which
is a technically demanding procedure, were achieved at a cer-
tified center of minimally invasive surgery with a high level of
laparoscopic expertise and standardization of surgical
technique.

This study aimed at comparison of cumulative postopera-
tive major morbidity of the two competing strategies on the
basis of an intention-to-treat analysis. Previous studies

Fig. 2 Major complications (Clavien-Dindo grade IIIb and higher)
related to strategy A (HP and LHR), strategy B (PA and IC), and for HP,
PA, LHR, and IC. HP Hartmann’s procedure, LHR laparoscopic
Hartmann’s reversal, PA primary anastomosis, IC ileostomy closure

Fig. 3 Comprehensive complication index (CCI) related to strategy A
(HP and LHR), strategy B (PA and IC), and for HP, PA, LHR, and IC.HP
Hartmann’s procedure, LHR laparoscopic Hartmann’s reversal, PA
primary anastomosis, IC ileostomy closure
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showed lower morbidity associated with IC compared to
Hartmann’s reversal [11, 16, 17, 32]. In this study, we ob-
served a similar major morbidity between the two strategies.
Nevertheless, consistent with the literature [11–14, 16, 17], a
shorter total operation time, a shorter length of stay after re-
versal, a trend for lower overall complications, and a trend to
higher reversal rates in favor of strategy B were found. PA
with ileostomy might still be the better choice when the pa-
tient’s condition does allow it, and surgical expertise is avail-
able. However, it is a reality that experience of the general
surgeon on call is limited in a large number of community
hospitals thus explaining the sustained frequent use of HP.

Study limitations

Given the significant variations in the surgical approaches and
outcomes following for perforated diverticulitis, the subject of
this study is highly relevant. Taken into account the retrospec-
tive design and the small sample size, the validity of the con-
clusions of this study is limited. Due to the limited number of
suitable patients, matching had to be restricted to the variables
age and comorbidity. However, both groups had similar char-
acteristics as for gender, BMI, and ASA ≥III. Only a larger
prospective, preferably randomized controlled trial, could de-
finitively clarify the equality between the two strategies. Yet,
both randomized controlled trials [16, 17], which had similar
sample sizes as the present study, investigating HP versus PA,
had to be terminated prematurely due to poor recruitment.
This suggests that an individual rather than a standard strategy
is often chosen to deal with this emergency situation among
patients with advanced age and multiple comorbidities [3,
33–35]. This conclusion is supported by the fact that in our
study, there was a clear trend to a higher ASA score and higher
proportion of Hinchey IV in HP. A further limitation of this
study is the inhomogeneity of its cohort including not only
perforated diverticulitis but also other causes of left-sided co-
lon perforation as anastomotic leakage and ischemia. On the
other side, this concerns both comparative groups. The results
of the study might be influenced by the fact that HP and PA
were performed in different hospitals, and various surgeons
were involved. Last, the current study does not elucidate if
LHR is superior to open HP reversal, as it does not compare
open with laparoscopic HP reversal.

Conclusion

Since in strategy B, a shorter total operation time, a shorter
length of stay after reversal, a trend for lower overall compli-
cations, and a trend to higher reversal rates were found, PA
with ileostomy might still be the better choice when the pa-
tient’s condition does allow PA. On the other hand, LHR is
feasible in a large proportion of unselected patients with a

relatively high reversal rate and moderate morbidity. The pres-
ent findings suggest that if HP has been performed for colonic
perforation, laparoscopic reversal might be considered on the
condition of adequate laparoscopic experience. The compari-
son of the two strategies in this study suggests that by well-
performed LHR, the disadvantages of HP over PA might be at
least partially compensated.
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