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Abstract

AIM: To investigate the outcomes of early and delayed
elective resection after initial antibiotic treatment in pa-
tients with complicated diverticulitis.

METHODS: The study, a nhon-randomized comparison
of the two approaches, included 421 consecutive pa-
tients who underwent surgical resection for complicated
sigmoid diverticulitis (Hinchey classification I -11') at the
Department of Surgery, University Medical Center Ham-
burg-Eppendorf between 2004 and 2009. The operating
procedure, duration of hospital and intensive care unit
stay, outcome, complications and socioeconomic costs
were analyzed, with comparison made between the
early and delayed elective resection strategies.

RESULTS: The severity of the diverticulitis and Ameri-
can Society of Anesthesiologists score were comparable
for the two groups. Patients who underwent delayed
elective resection had a shorter hospital stay and oper-
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ating time, and the rate of successfully completed lapa-
roscopic resections was higher (80% vs 75%). Eight
patients who were scheduled for delayed elective resec-
tion required urgent surgery because of complications
of the diverticulitis, which resulted in a high rate of
morbidity. Analysis of the socioeconomic effects showed
that hospitalization costs were significantly higher for
delayed elective resection compared with early elec-
tive resection (9296 € + 694 € vs 8423 € + 968 €; P
= 0.001). Delayed elective resection showed a trend
toward lower complications, and the operation ap-
peared simpler to perform than early elective resection.
Nevertheless, delayed elective resection carries a risk
of complications occurring during the period of 6-8 wk
that could necessitate an urgent resection with its con-
sequent high morbidity, which counterbalanced many of
the advantages.

CONCLUSION: Overall, early elective resection for com-
plicated, non-perforated diverticulitis is shown to be a
suitable alternative to delayed elective resection after
6-8 wk, with additional beneficial socioeconomic effects.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Diverticular disease of the sigmoid colon is common in
Western countries with a prevalence of 27%", Tt in-
creases with age from approximately 10% in those young-
er than 40 years to 33% in those older than 45 years,
and then to 50%-70% in those older than 80 years. The
average age of presentation with diverticulitis is 62 years.
In the United States, approximately 130 000 patients per
year are admitted to hospital due to diverticulitis. The
increase in the number of cases diagnosed in recent years
is, in part, due to improvements in non-invasive diagnos-
tic techniques, especially the use of computed tomogra-
phy (CT) scanningm.

The risk of recurrence after a first attack of diver-
ticulitis ranges from 5%-43%", Complications (which
include fistula formation, abscess, bleeding or perfora-
tion) occur in 15%-20% of cases and require surgical
intervention™. The treatment of patients with compli-
cated sigmoid diverticulitis is associated with a significant
morbidity and mortality that is mainly influenced by the
severity of the disease and the global medical status of
the patient. For elective sigmoid resections, the postop-
erative morbidity rate is 15%-20%"" and the mortality
rate ranges from between 0%-17%, compared to 30% in
patients with perforated diverticulitis'®”.

The appropriate timing of elective resection for un-
complicated diverticulitis is a subject of controversy, with

discussion focused mainly on the number of previous
attacks. Surgery is generally suggested after one to four
episodes of diverticulitis”. The American Society of Co-
lon and Rectal Surgeons recommends that the decision
regarding resection be made on a case-by-case basis""
Even in patients with clear indication for elective resec-
tion, the optimal timing of the operation remains unclear
as little data exists, especially for cases of complicated
diverticulitis. Therefore, this trial analyzed the impact of
both delayed and eatly elective resections on outcome,
mortality and morbidity, and socioeconomic cost.

MATERIALS AND METHODS
Study design and patients

The study analyzed 421 consecutive patients in whom

elective surgical resection for complicated sigmoid diver-
ticulitis had been planned at the Department of Surgery
at the University Medical Center Hamburg-Eppendorf
between 2004 and 2009. The study was approved by the
institutional review board of the hospital. The stage of
the diverticulitis was classified according to the modified
Hinchey score!'"!, which is based on the CT scan at the
time of diagnosis. Only patients with clear indication for
surgery with complicated diverticulitis, but without per-
foration (Hinchey I - II), were included in this trial. Data,
which included the sex and age of the patient, medica-
tion and the complications experienced, were obtained
from clinical records. Data concerning previous medical
history, co-morbidities and the American Society of An-
esthesiologists (ASA) score at the time of the presenta-
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tion and classification of the disease were recorded, along
with the operating procedure and duration of the opera-
tion, durations of the hospital and intensive care unit
stays, outcome and complications. Clinical follow-up data
was obtained by review of the hospital records and by
direct communication with the patients or their attending
physicians. The socioeconomic costs of the treatment
were evaluated in all cases by review of the total amount
invoiced to the health insurance companies.

Operation and antibiotic treatment

On the basis of clinical features and CT scan, elective
resection of the sigmoid was planned, with laparoscopic
resection the operation of choice, where possible, for
all patients except those who had undergone previous
major abdominal surgery. The operating surgeon decided
whether to perform a primary anastomosis with or with-
out diverting stoma, or a Hartman’s procedure depending
on the intraoperative findings. The patients were assigned
by their surgeon to ecither early or delayed elective surgery
without randomization. The group assigned to early elec-
tive resection was treated with antibiotics (ceftriaxone
and metronidazole) for 2-4 d before the early elective
resection was performed. The delayed elective group was
treated with intravenous antibiotics (ceftriaxone and met-
ronidazole) for 5-7 d depending on the clinical course of
the patient. Once their symptoms had settled, the patients
were discharged and an elective resection was performed
6-8 wk later.

Statistical analysis

SPSS® for Windows® Version 13.0 (SPSS Inc., Chicago,
IL, United States) was used for statistical analysis. Data
are presented as mean = SD. The continuous data for
the different groups were compared using the Student’s
¢ test. For all non-continuous variables, cross-tables were
generated, followed by calculation of the P value by using
the y” test/Fisher’s exact test. Statements of significance
refer to P values for two-tailed tests of less than 0.05.

RESULTS

Patient characteristics

Overall, 421 patients who underwent surgical resection
for sigmoid diverticulitis were included. To analyze the
impact of the timing of the operation, eatly elective sur-
gery was compared to delayed elective surgery after 6-8
wk. Eatly elective surgery was performed in 272 patients
at a median of 2 d after admission to hospital. Elective
resection after 6-8 wk was planned for 149 patients; how-
ever, eight of these required urgent surgery during this
period because of the occurrence of severe complica-
tions following their initial conservative management.

At the time of surgery, the mean age of the patients
was 03 + 13 years; 184 patients (44%) were men, 237
patients (56%) women. Preoperatively, 14 patients (3%)
were classified as ASA 1239 (57%) as ASA 2159 (38%) as
ASA 3 and 9 patients (2%0) as ASA 4. In 362 patients (86%0),
complicated diverticulitis or a small confined pericolic or
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Table 1 Patient characteristics 7 (%)

Early elective Delayed elective P value
resection (7 = 272) resection (n = 149)

Age (mean + SD) 63.5+13.1 64.2+12.6 0.57
Sex
Male 121 (44.5) 63 (42.3) 0.66
Female 151 (55.5) 86 (57.7)
Classification of
diverticulitis
Hinchey 1 230 (84.6) 132 (88.6) 0.28
Hinchey 2 42 (15.4) 17 (11.4)
ASA classification
ASA 1 10 (3.7) 4(27) 0.69
ASA 2 150 (55.1) 89 (59.7)
ASA 3 107 (39.3) 52 (34.9)
ASA 4 5(1.8) 4(27)

ASA: American Society of Anesthesiologists.

mesenteric abscess was diagnosed (Hinchey [ ); while 59
patients (14%) presented with a distant or complex ab-
scess without perforation (Hinchey II).

The distribution of patients who underwent early and
delayed elective resection was largely comparable with
regards to sex, age, ASA classification and severity of the
diverticulitis (Hinchey classification, Table 1).

The operation performed

Overall, 323 patients (77%) underwent laparoscopic re-
section, while open surgery, including conversions, was
performed in 98 patients (23%). Primary anastomosis
without a diverting stoma was possible in 387 patients
(92%), while 30 patients (7%) received a primary anasto-
mosis and diverting stoma. In four patients (1%) a Hart-
man’s procedure with descendostomy was necessary due
to peritonitis. No significant difference in mortality rates
between the various procedures (primary anastomosis,
with or without diverting stoma, or Hartman’s proce-
dure) was identified.

In patients who underwent delayed elective resection
after 6-8 wk, the rate of successfully completed laparo-
scopic resection was significantly higher, as the inflam-
mation had settled down compared with the early elective
resection group (80% ws 75%, P = 0.032).

Outcome

Three patients (0.7 %) died in hospital. For delayed elec-
tive resection, the rate of wound infections was 7.1% s
11.0% for early surgery; the rate of re-operations 5.7% us
8.1%; these differences were not statistically significant.
However, the operating time (149 min »s 166 min; P <
0.001) and the hospital stay (13 d »s 16 d, P = 0.002) were
significantly shorter (Table 2).

Complications whilst waiting for delayed elective sur-
gery

It is important to note that in eight patients initially plann-
ed for delayed elective surgery, urgent surgery was neces-
sary before the 6-8 wk period had elapsed. Reasons for
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Table 2 Outcome following early and delayed elective resec-

tions performed for complicated diverticulitis 7 (%)

Early elective Delayed elective P
resection resection per- value
(n = 272) formed (n = 141)

Operation
Minimally invasive surgery 204 (75.0) 119 (84.4) 0.032
Open surgery 68 (25.0) 22 (15.6)
Procedure
Hartman 1(0.4) 0(0.0) 0.75
Protective stoma 17 (6.3) 8 (5.7)
Primary anastomosis 254 (93.4) 133 (94.3)
without stoma
Surgical complications
Wound infection 30 (11.0) 10 (7.1) 0.22
Anastomotic leakage 14 (5.1) 6 (4.3) 0.81
Reoperation 22 (8.1) 8 (5.7) 0.43
Medical complications
Uriary tract infection 16 (5.9) 7 (5.0) 0.82
Pneumonia 9(3.3) 4(2.8) 1
Overall morbidity 41 (15.1) 16 (11.3) 0.16
Mortality 1(0.4) 1(0.7) 1
Socioeconomic data
(mean + SD)
Duration of hospital stay (d) 16.1 £9.0 133+79 0.002
Duration of operation (min) 166.2 + 44.2 149.1£39.1 <0.001
Duration of ICU stay (d) 0.64 +0.90 0.72+£0.91 0.47
Opverall costs (€) 8423 + 968 9296 + 694 <0.001

ICU: Intensive care unit.

proceeding to urgent surgery were recurrent episodes
with covered perforation or perforation with fecal perito-
nitis in four patients (on days 24, 29, 34 and 41), clinical
deterioration in three patients (on days 3, 5 and 6) and
re-presentation with acute diverticular bleeding in one
patient. This subgroup of patients had a higher rate of
complications. Three patients underwent a Hartman’s
procedure and four underwent re-operations ecither for
a planned second look and lavage, or because of anasto-
motic leakage; one of these patients died. On analysis of
outcome based on the intention to treat, the advantages
of delayed elective resection are lost with the exception
of the shorter operating time and hospital stay (Table 3).

Socioeconomic effects

The socioeconomic costs of the hospital stay for the two
treatment approaches were compared. Eatly elective re-
section was found to reduce the overall costs from 9296
€ + (694 € to 8423 € = 968 € (P < 0.001). This is mainly
due to costs incurred during the initial intravenous anti-
biotic treatment. With the inclusion of the eight patients
who needed urgent surgery, the advantage for eatly sut-
gery is even greater.

DISCUSSION

New insights from this study

Taken together, our results suggest that delayed elective
resection has a better outcome in complicated diverticu-
litis than early elective resection as long as no acute com-
plications occur during the 6-8 wk. The occurrence of an
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Table 3 Outcome of planned early and delayed elective resec-

tions for complicated diverticulitis (intention to treat analysis)
n (%)

Early elective Planned for delayed P

resection elective resection' value
(n = 272) (n = 149)
Operation
Minimally invasive surgery 204 (75.0) 119 (79.9) 0.28
Open surgery 68 (25.0) 30 (20.1)
Procedure
Hartman 1(0.4) 3(2.0) 0.153
Protective stoma 17 (6.3) 13 (8.7)
Primary anastomosis with- 254 (93.4) 133 (89.3)
out stoma
Surgical complications
Wound infection 30 (11.0) 16 (10.7) 0.92
Anastomotic leakage 14 (5.1) 8 (5.4) 1.0
Reoperation 22 (8.1) 12 (8.1) 1.0
Medical complications
Uriary tract infection 16 (5.9) 7 (4.7) 0.66
Pneumonia 9(3.3) 5(3.4) 1.0
Overall morbidity 41 (15.1) 23 (15.4) 0.92
Mortality 1(04) 2(1.3) 0.26
Socioeconomic data
(mean + SD)
Duration of hospital stay (d)  16.1+ 9.0 14.2 £10.0 0.043
Duration of operation (min) 166.2 + 44.2 148.9 +38.4 <0.001
Duration of ICU stay (d) 0.64 £ 0.90 1.4+40 0.004
Opverall costs (€) 8423 + 968 9941 + 3563 <0.001

"It includes the eight patients who required emergency surgery during
the period of 6-8 wk whilst awaiting elective surgery. ICU: Intensive care
unit.

acute complication is associated with a very unfavorable
outcome. Therefore the decision to proceed to eatly or
delayed elective resection should still be made on a case-
by-case basis. In patients who are scheduled for delayed
clective resection, close clinical monitoring is recommend-
ed until the definitive surgical treatment, to allow for early
management of any possible clinical deterioration.

The risk of recurrence

In uncomplicated diverticulitis, medical treatment, which
consists of broad-spectrum antibiotic therapy for 5-10
d and resting of the bowel with parenteral nutrition,
is usually successful. The indication for elective resec-
tion and its most appropriate timing in uncomplicated
diverticulitis is the subject of controversial discussions.
Surgery is primarily suggested after one to four episodes
of diverticulitis™*"¥. There is little prospective data on
the natural course of diverticulitis'"™'” and the risk of a
recurrence after the first attack ranges from 5%-46%"".
Various controversial risk factors for recurrence, such as
age and numbers of acute attacks, or preoperative mor-
bidity have been reported™>'™?",

Therefore, in 20006, the American Society of Colon
and Rectal Surgeons stated that the decision regarding
elective resection should be made on a “case-by-case ba-
sis,” no general recommendation was given for elective
resection to prevent additional attacks' . The age of the
patient, their medical condition, response to treatment
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and wishes should all be considered when making deci-
sions regarding the indication for and timing of such
treatment.

The main reason for performing elective resection is
the prevention of serious complications, which include
recurrent diverticulitis and the possible perforation that
are associated with high morbidity and mortality. These
factors must be estimated as part of the risk of an elec-
tive operation, which has a postoperative morbidity rate
of 15%-20%".

Delayed or early elective resection for complicated non-
perforated diverticulitis

There is a consensus of opinion that urgent surgery is
indicated in perforated diverticulitis; whilst elective resec-
tion is the treatment of choice for complicated diverticu-
litis, there is limited data concerning the timing of elec-
tive resection.

It is most common for patients to be treated conset-
vatively with parenteral nutrition and antibiotics for 5-10
d initially, followed by a period of recuperation and read-
mission to hospital, typically 6-8 wk later, for a delayed
elective resection of the sigmoid colon to be performed.
Alternatively patients may be treated for approximately
2-5 d with parenteral nutrition and antibiotics, with an
early elective resection performed during the same hospi-
tal stay. A correlation between the risk of recurrence and
the severity of the initial episode has been desctibed. In
complicated diverticulitis characterized by phlegmon or
a pericolic abscess, a more aggressive approach is recom-
mended because of the high risk of recurrence, and the
high rate of severe complications, such as perforation,
with a potentially fatal outcome™***,

In a comparison of these approaches in patients with
complicated and non-complicated diverticulitis, Nataran-
jan found no relationship between outcome and timing™”,
while Reissfelder e7 a/*" detected an advantage for delayed
elective resection. Zingg reported a higher conversion
rate in early elective resection compared with delayed
elective resection, but the rate of complicated diverticu-
litis was higher in the eatly elective group (73% vs 13%);
the outcome and major complications were similar™, Pa-
tients with inflammation were reported to have a signifi-
cantly higher conversion rate (35.4% us 13.5%)™. These
results partially contradict our findings, but this may be
explained by the selection of the patients as in previously
reported studies, patients with both complicated and
uncomplicated diverticulitis were included; only patients
with complicated diverticulitis were included in our study.

The disadvantage of early elective surgery seems to be
caused by the continuing presence of the acute inflam-
mation with adhesions, which makes the procedure more
technically demanding and therefore results in a higher
conversion rate and longer operating time. In addition,
the disadvantage of eatly elective resection detected in
our trial may be caused by the selection bias in the other
previously reported retrospective non-randomized tri-
als™ ! toward a higher severity of diverticulitis in the ear-
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ly intervention group. The rate of patients with Hinchey
II stage disease was 15.4% in the early elective group,
compared with 9.2% in the patients who actually under-
went delayed elective resection, which may therefore ex-
plain the tendency towards higher rates of complications
in this particular group.

Apart from the possibility of selection bias, delayed
elective resection does have one major disadvantage that
was identified in this trial; the period of 6-8 wk that is
intended to allow the inflammation to settle can be as-
sociated with clinical deterioration ot a recurrent attack;
three patients underwent Hartman’s procedure because
of severe complications during this period.

Socioeconomic effects

To analyze the socioeconomic costs of both approaches,
the total hospital costs that were billed to the insurance
companies were compared. In the delayed elective group,
the costs of the initial hospital stay for intravenous anti-
biotic treatment and the subsequent admission for sur-
gical resection were both included. The analysis of the
socioeconomic costs of the treatment was based on the
diagnosis related groups in Germany during the relevant
periods. It should also be mentioned that any costs of
treatment by general practitioners between or after the
hospitalizations were not included, nor were any indirect
costs due to the inability of the patient to work.

There was no detailed analysis of the direct costs to
the hospital for the hospitalization of each patient, so
the financial profit for the hospital cannot be calculated
from our data. Irrespective of these limitations, this trial
suggested a socioeconomic advantage for early elective
resection, which became even greater when the patients
who required urgent surgery instead of their scheduled
delayed elective resections were included in the analysis.

Limitations

Our trial is the first to analyze the impact of the timing
of this operation in patients only with complicated diver-
ticulitis; however, this study also has its limitations. The
analysis is retrospective and observational, and the inter-
ventions were not randomized. Although the patients in
the two groups showed largely comparable co-morbidities
and disease stage according to Hinchey, a selection bias
may be present since the decision to proceed with early
or delayed elective surgery was based on clinical data, the
preference of the surgeon and the medical condition of
the patient.

Delayed elective resection showed a trend toward
lower complication rates; compared with early elective
resection, the operation appeared simpler to perform.
Nevertheless, delayed elective resection cartied a risk of
complications occurring during the period of 6-8 wk
that could necessitate an urgent resection with its con-
sequent high morbidity which counterbalanced many
of the advantages. Overall, early elective resection for
complicated, but non-perforated diverticulitis was found
to be a suitable alternative to delayed elective resection
after 6-8 wk, with additional beneficial socioeconomic ef-
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fects. Following the style of the recommendations made
by the American Society of Colon and Rectal Surgeons
regarding the indication for elective resection, we suggest
a case-by-case decision with respect to early or delayed
elective resection is similarly appropriate in patients with
complicated diverticulitis.
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re-admission to hospital, typically 6-8 wk later, for a delayed elective resection
of the sigmoid colon to be performed. Alternatively patients may be treated for
approximately 2-5 d with parenteral nutrition and antibiotics, with an early elec-
tive resection performed during the same hospital stay. A correlation between
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