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Background: The aim of this study was to compare in-hospital morbidity and mortality rates after
elective laparoscopic and open colorectal surgery for sigmoid diverticular disease (SDD).
Methods: This prospective national multicentre observational study included all consecutive patients
undergoing open or laparoscopic elective colectomy for SDD in a 4-month period between June and
September 2002. Postoperative in-hospital mortality and morbidity in the two groups were compared.
Results: Three hundred and thirty-two consecutive patients undergoing either laparoscopic (163
patients) or open (169 patients) colectomy for SDD were analysed. Overall postoperative mortality and
morbidity rates were 0·3 and 23·8 per cent respectively. The morbidity rate was significantly higher
in the open than in the laparoscopic group (P < 0·001), leading to a significantly longer hospital stay
(P < 0·001). The morbidity rate remained significantly higher in the open group when the patients
were matched for age (P = 0·015) or American Society of Anesthesiologists score (P = 0·028). An open
procedure (relative risk (RR) 2·13 (95 per cent confidence interval (c.i.) 1·29 to 3·45)), age over 70 years
(RR 1·62 (95 per cent c.i. 1·14 to 2·30)) and intraperitoneal contamination (RR 2·54 (95 per cent c.i.
1·18 to 5·50)) were identified as independent risk factors for morbidity.
Conclusion: A laparoscopic approach to elective treatment of SDD may be associated with reduced
postoperative morbidity and hospital stay. A randomized study is required to confirm these results.
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Introduction

Elective surgical treatment of sigmoid diverticular disease
(SDD) may be indicated after one acute complicated
episode (abscess or fistula) in patients younger than 50 years
and also in immunosuppressed patients. For older and
immunocompetent patients most surgeons recommend
resection after two acute episodes1. Open elective resection
for SDD is highly effective, with early postoperative
morbidity rates ranging from 5 to 14 per cent in most
series, and mortality rates of 0–1·2 per cent2–4.

The major goal of the laparoscopic approach is to achieve
morbidity and mortality rates that are at least comparable

to those obtained with open surgery. A minimally invasive
operation may also improve the early postoperative course,
allow faster recovery, and reduce the risk of complications
such as abscess and hernia. For successful laparoscopic
treatment of SDD, the principles applied in the open
approach must be observed, such as resection of all inflamed
colon, a tension-free anastomosis using well vascularized
colonic ends, and an anastomosis below the rectosigmoid
junction.

Although several studies have demonstrated the fea-
sibility of laparoscopic sigmoid colectomy for SDD5–13,
evidence for its advantages in terms of clinically rele-
vant outcome variables is scant. Five studies have found
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that laparoscopic colectomy compares favourably with
open colectomy for the treatment of SDD with regard
to reduced intraoperative trauma, decreased postopera-
tive pain, decreased length of ileus, better cosmesis, early
discharge from hospital and early return to work14–18.
However, the analyses were retrospective and there were
fewer than 50 patients per group in three studies15,16,18.
No randomized trials have been conducted to date.

The aim of this prospective national observational study
was to compare in-hospital morbidity and mortality rates
after laparoscopic and open colorectal surgery for SDD.

Patients and methods

All members of the Association Française de Chirurgie
(AFC) were encouraged to participate in a prospective
multicentre study that examined mortality and morbidity
rates after colorectal surgery during the 4 months from
June to September 2002. The study was approved by the
institutional review board of the AFC. Of a total 1426
patients, only 332 consecutive patients undergoing open or
laparoscopic elective surgery for SDD were included. The
remaining patients underwent either urgent surgery for
SDD (92) or surgery for colorectal cancer (1002). Results
for these patients have been published elsewhere19. In this
observational study, patients were selected for laparoscopic
or open resection according to patient characteristics and
the surgeon’s preference. An intention-to-treat analysis
was performed; patients whose laparoscopic operation
was converted to open surgery were included in the
laparoscopic group.

Data were collected prospectively on standard forms.
The patients were assessed before operation for surgi-
cal risk using the American Society of Anesthesiologists
(ASA) score. All premorbid conditions were documented
including obesity (body mass index over 30), underweight
(weight loss of more than 10 per cent within the past
6 months), diabetes mellitus, recent steroid treatment, car-
diopulmonary co-morbidity (myocardial infarction, atrial
fibrillation, chronic obstructive pulmonary disease, history
of smoking), neurological co-morbidity (stroke, functional
status, Glasgow Coma Scale) and gastrointestinal co-
morbidity (history of alcohol abuse, chronic liver disease,
Child–Pugh classification). Other variables documented
were hospital type (university, general or private), age,
sex, previous laparoscopy or laparotomy, previous episodes
of sigmoid diverticulitis (number of attacks, treatment of
each attack), complicated sigmoid diverticulitis (abscess,
fistula, obstruction, haemorrhage, perforation), indication
for surgery (elective surgery, fistula, perisigmoid abscess,

haemorrhage), type of bowel preparation, type of prophy-
lactic antibiotics, procedure (laparoscopy or laparotomy),
reasons for conversion, intraoperative septic complica-
tions (including iatrogenic intraperitoneal contamination,
defined as intestinal intraperitoneal contamination result-
ing from incomplete colonic preparation or an intestinal
tear), associated procedures (including resection of other
organs), type of intestinal anastomosis (manual versus sta-
pled), duration of operation, amount of homologous blood
transfused, blood loss, and use of abdominal drainage.
Conversion to open surgery was defined as any unplanned
incision or a planned incision longer than 5 cm that was
necessary for simple exteriorization of the resected speci-
men and construction of the anastomosis.

Postoperative mortality and morbidity were defined
as deaths and specific complications that occurred in
hospital. Postoperative morbidity included superficial and
deep wound infections, wound dehiscence, pneumonia,
clinical anastomotic dehiscence, intra-abdominal abscess,
prolonged ileus, haemorrhage from the anastomosis,
bleeding that required blood transfusion, cardiac arrest,
myocardial infarction, pulmonary embolism, pneumonia,
pulmonary oedema, failure to wean from the ventilator by
48 h after operation, progressive renal insufficiency, renal
failure that required dialysis, urinary tract infection, stroke,
deep vein thrombophlebitis and systemic sepsis.

Statistical analysis

Values are expressed as mean(s.d). Groups were compared
using the χ2 test, Mann–Whitney U test, Student’s t
test, ANOVA, Kruskal–Wallis H test, Pearson correlation
or Spearman’s rank correlation as appropriate. Multiple
logistic regression analysis was performed to determine
the main independent factors for postoperative morbidity
and the relative risk (RR) was calculated for each significant
variable. P < 0·050 was considered statistically significant.
Although it seemed unlikely in this observational study
that adjustment by propensity score would eliminate bias
from the comparison, multiple correction methodology
was used to compare the two groups, using a saturated
propensity score. To compute the propensity score,
factors that significantly influenced the choice of operation
(laparotomy versus laparoscopy) were identified. Logistic
regression was used to calculate the probability of the
laparotomy approach among each sub-class. Nevertheless,
logistic regression was performed, testing the association
between postoperative morbidity and surgical approach
including the propensity score. Data collection and
statistical analyses were done using SEM software20.
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Results

Among the 1426 patients operated on in 81 participating
centres, 332 consecutive patients had elective colectomy
for SDD, 163 via a laparoscopic approach and 169 through
a laparotomy. Laparoscopic procedures were done in 46
centres (57 per cent), with a mean of 2·4(3·0) (range 1–12)
patients operated on in each centre; open procedures were
carried out in 67 centres (83 per cent) with a mean of
2·5(2·6) (range 1–11) patients per hospital.

Patient characteristics are shown in Table 1. Patients
in the open group were significantly older and had
higher ASA scores than those in the laparoscopic
group. Cardiorespiratory co-morbidity was significantly
more common in the open group and patients in this
group were more likely to have undergone laparotomy
previously.

Operative findings are summarized in Table 1. Intraperi-
toneal contamination was significantly more common in
the open group than the laparoscopic group. Blood loss was
significantly greater in the open group, which resulted in
a greater need for homologous blood transfusion. Abdom-
inal drainage was required significantly more frequently
in the open group, whereas the mean operating time was
significantly longer in the laparoscopic group. Thirteen
patients required a protective stoma, with no significant
difference between groups.

Table 1 Demographic, clinical and operative data for patients
who underwent open or laparoscopic colectomy for sigmoid
diverticular disease

Open
(n = 169)

Laparoscopic
(n = 163) P

Hospital type
University 81 (47·9) 78 (47·9)
General 54 (32·0) 41 (25·2)
Private 34 (20·1) 44 (27·0)

Mean age (years) 63 58 < 0·001
Mean body mass index 27 26 0·490
Mean ASA score 1·96 1·68 < 0·001
Previous laparotomy 99 (58·6) 72 (44·2) 0·009
Cardiopulmonary co-morbidity 87 (51·5) 62 (38·0) 0·010
Prophylactic antibiotics 164 (97·0) 159 (97·5) 0·660
Bowel preparation 166 (98·2) 158 (97·0) 0·960
Intraperitoneal contamination 9 (5·3) 1 (0·6) 0·030
Converted to laparotomy — 25 (15·3)
Visceral injury 6 (3·6) 7 (4·3) 0·720
Perioperative transfusion 10 (5·9) 3 (1·8) 0·050
Mean operating time (min) 166 204 < 0·001
Mean blood loss (ml) 248 170 < 0·001
Protective stoma 9 (5·3) 4 (2·5) 0·180
Abdominal drainage 134 (79·3) 106 (65·0) 0·003

Values in parentheses are percentages. ASA, American Society of
Anesthesiologists.

One patient in the open group died in hospital,
giving a postoperative mortality rate of 0·3 per cent.
Postoperative complications were observed in 79 patients
(23·8 per cent) (Table 2). The overall morbidity rate was
significantly higher in the open group, as were rates of
surgical complications such as wound complications, intra-
abdominal abscess and anastomotic leakage (Table 2). The
rate of postoperative medical complications was similar in
the two groups.

The laparoscopic procedure was converted into a
laparotomy in 25 patients (15·3 per cent). Conversion
was indicated because of extensive inflammation or dense
adhesions in most patients. The postoperative morbidity
rate was higher in the 25 patients whose operation was
converted than in those whose operation was completed
laparoscopically (24 versus 15 per cent), but the difference
was not significant (P = 0·430).

In the present study, conversion was associated with a
significantly longer operating time than in non-converted
patients (288 ± 88 versus 185 ± 67 min, P = 0·038).

The mean hospital stay was significantly shorter in
the laparoscopic group (including conversions) than the
open group (10(5) versus 18(15) days; P < 0·001), and
after a completely laparoscopic operation compared with
a converted laparoscopic procedure (9 versus 14 days;
P < 0·001).

The morbidity rate was significantly higher after
laparotomy than laparoscopy for patients younger than
70 years (odds ratio (OR) 1·86 (95 per cent confidence
interval (c.i.) 1·15 to 3·00); P = 0·002) (Table 3). The
difference between patients in the open and laparoscopy
groups remained significant when patients were matched

Table 2 Postoperative morbidity after open or laparoscopic
colectomy for sigmoid diverticular disease

Open
(n = 169)

Laparoscopy
(n = 163) P

Overall morbidity 53 (31·4) 26 (16·0) < 0·001
Wound complications 16 (9·5) 6 (3·7) 0·030
Intra-abdominal abscess 15 (8·9) 3 (1·8) 0·010
Anastomotic fistula 9 (5·3) 2 (1·2) 0·030
Haemorrhage 4 (2·4) 4 (2·5) 0·730
Cardiopulmonary complications 9 (5·3) 3 (1·8) 0·070
Pulmonary embolism 3 (1·8) 0 (0) 0·290
Prolonged ileus 10 (5·9) 3 (1·8) 0·150
Urinary tract infection 15 (8·9) 6 (3·7) 0·160
Septic shock 3 (1·8) 0 (0) 0·390
Reoperation 5 (3·0) 3 (21·8) 0·760
Readmission to hospital 20 (11·8) 13 (8·0) 0·230
Mean hospital stay (days)* 18(15) 10(5) < 0·001

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.).
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Table 3 Postoperative morbidity according to age and American
Society of Anesthesiologists score

Morbidity rate

Open Laparoscopic P

Age (years)
< 70 32 of 110 (29·0) 21 of 134 (15·7) 0·002
≥ 70 21 of 57 (37) 5 of 28 (18) 0·074

ASA score
< 3 36 of 130 (27·7) 23 of 149 (15·4) 0·012
≥ 3 14 of 31 (45) 3 of 9 (33) 0·800

Values in parentheses are percentages. ASA, American Society of
Anesthesiologists.

for age (OR 1·68 (95 per cent c.i. 1·1 to 2·6); P =
0·015) and ASA score (OR 1·8 (95 per cent c.i. 1·05 to
2·52; P = 0·028). Multiple regression analysis revealed
three variables that were independently associated with
postoperative complications: a traditional open procedure
(RR 2·1 (95 per cent c.i. 1·3 to 3·4) P = 0·003), age over
70 years (RR 1·62 (95 per cent c.i. 1·1 to 2·3) P = 0·042)
and intraperitoneal contamination (RR 2·54 (95 per cent
c.i. 1·2 to 5·5) P = 0·017).

After a propensity score correction, the area under the
receiver–operator characteristic curve (0·64) did not reach
the saturation level usually needed to make the correction
(i.e. 0·80) (Fig. 1). However, logistic regression including
the propensity score showed that the propensity score
and the surgical approach remained significant (Table 4).
The propensity score was most significant (P = 0·010),
followed by the surgical approach (P = 0·015), whereas
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Fig. 1 Area under the receiver–operator characteristic curve
(AUC) calculated by the propensity score correction. AUC 0·64
(95 per cent c.i. 0·58 to 0·70)

Table 4 Logistic regression analysis testing the association
between postoperative morbidity and surgical approach
including the propensity score

Coefficient Standard error P Odds ratio

Propensity
score

− 3.015 1·166 0·010 0·05 (0·01, 0·82)

Laparotomy 0·683 0·281 0·015 1·98 (1·07, 3·29)
Intraperitoneal

contamination
0·689 0·662 0·300 1·99 (0·54, 7·30)

Values in parentheses are 95 per cent c.i.

intraperitoneal contamination lost its initial significance.
The OR associated with laparotomy remained stable at
1·98 (95 per cent c.i. 1·14 to 3·43).

Discussion

In this large prospective study, laparoscopic colectomy for
SDD was associated with a significantly lower postoperative
morbidity rate and shorter hospital stay than the open
procedure.

Although laparoscopic sigmoid resection for SDD has
gained widespread popularity and should be considered as
a surgical option, its acceptance has been slow for sev-
eral reasons. First, recurrent sigmoid diverticulitis and its
complications often cause dense pericolic and mesenteric
inflammation with distortion of the normal anatomical
planes, making surgical dissection difficult and potentially
hazardous. Second, the lack of tactile sensation and inability
to use digital blunt dissection, especially for diverticulitis,
appear to represent major shortcomings of laparoscopy.
For this reason some surgeons prefer a laparoscopically
assisted technique, in which part of the procedure (usu-
ally specimen extraction or anastomosis) is carried out
extraperitoneally via a small incision. The feasibility of
laparoscopically assisted left colectomy for SDD has been
demonstrated in several retrospective studies5–13. How-
ever, in the absence of a prospective randomized trial,
some authors continue to perform traditional open colec-
tomy for SDD because it is associated with low morbidity
and mortality rates.

The two principal disadvantages of laparoscopy are
the potential requirement for conversion to laparotomy
and increased operating time. In the present study,
15·3 per cent of laparoscopic operations were converted
into open operations, compared with published rates
of 5–26 per cent. The fact that this was a multicentre
study might explain the high rate of conversion. How-
ever, because of the large number of surgeons involved,
no definitive conclusion concerning conversion rate dur-
ing laparoscopic sigmoidectomy for SDD can be made.
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Although it has been reported that conversion to laparo-
tomy leads to an increase in postoperative morbidity and
mortality rates21,22, two recent studies that included more
than 100 patients23,24 reported no difference in morbidity
between laparoscopic colectomy and converted procedures.
In the present study conversion was associated with a
longer operating time and delayed hospital discharge, but
both hospital stay and postoperative morbidity remained
lower than those for the traditional open procedure. The
operating time for laparoscopic colectomy was significantly
longer than that for open traditional colectomy, consistent
with two previous reports14,18.

The main advantages of the laparoscopic approach
should be an earlier recovery of intestinal transit and
resumption of normal diet14,15, less postoperative pain, and
a reduction in postoperative morbidity leading to a decrease
in hospital stay. The present study did not examine intesti-
nal function or analgesic use. The relatively long duration
of hospital stay in both groups in the present study might
be explained partly by the inclusion of unselected patients
(elderly and high-risk patients) and partly by the fact that
this was a multicentre study. Nevertheless, a significant
reduction of 1 week was noted in the laparoscopic group.

In this study both overall postoperative morbidity
rates and hospital stay were significantly lower after
laparoscopic colectomy than open colectomy. Previous
retrospective comparative studies showed a significant
reduction in hospital stay after laparoscopic colectomy
for SDD14–18, although only two reported a significant
reduction in postoperative morbidity17,18. Although the
morbidity rate was lower in the laparoscopic group in the
present study, it should be noted than the two groups
of patients were not strictly comparable as patients in
the open group were older, with a higher ASA score
and a higher frequency of cardiorespiratory co-morbidity.
However, the morbidity rate remained significantly higher
in the open group, even when the patients were matched
for age and ASA score. Multiple regression analysis
revealed the operative approach of laparotomy to be the
worst independent risk factor for postoperative morbidity
after colectomy for SDD. The remaining factors were
intraperitoneal contamination and age over 70 years.
Although a propensity score correction was performed,
the influence of operative approach (laparoscopy versus
laparotomy) on morbidity rate remained significant,
independently of the factors that might have influenced
the choice of surgical approach.

On the basis of the present results, laparoscopic
colectomy may be considered an acceptable approach for
the elective treatment of SDD, similar to recommendations
for colonic cancer surgery made by the Clinical Outcomes

of Surgical Therapy study25. However, a randomized trial
is still required to confirm these results.
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