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Long-Term Effects of Omitting Antibiotics in
Uncomplicated Acute Diverticulitis
S. T. van Dijk, MD1, L. Daniels, MD, PhD1,2, Ç. Ünlü, MD, PhD3, N. de Korte, MD, PhD4, S. van Dieren, PhD5, H. B. Stockmann, MD, PhD4,
B. C. Vrouenraets, MD, PhD6, E. C. Consten, MD, PhD7, J. A. van der Hoeven, MD, PhD8, Q. A. Eijsbouts, MD, PhD4, I. F. Faneyte, MD,
PhD9, W. A. Bemelman, MD1, M. G. Dijkgraaf5 and M. A. Boermeester, MD1, for the Dutch Diverticular Disease (3D) Collaborative Study
Group
Background: Traditionally uncomplicated acute diverticulitis was routinely treated with antibiotics, although

evidence for this strategy was lacking. Recently, two randomized clinical trials (AVOD trial and
DIABOLO trial) published short-term results of omitting antibiotics compared to routine antibiotic
treatment. Both showed no significant differences regarding recovery from the initial episode, as
well as rates of complicated or recurrent diverticulitis and sigmoid resection. However, both studies
showed a trend of higher rates of sigmoid resection in the observational groups. Here, the long-term
effects of omitting antibiotics in first episode uncomplicated acute diverticulitis were assessed.

Methods:

A total of 528 patients with CT-proven, primary, left-sided, uncomplicated acute diverticulitis were
randomized to either an observational or an antibiotic treatment strategy (DIABOLO trial). Outcome
measures were complicated diverticulitis, recurrent diverticulitis and sigmoid resection at 24
months’ follow up. Differences between the groups were explored and risk factors were identified
using multivariable logistic regression.

Results:

Complete case analyses showed no difference in rates of recurrent diverticulitis (15.4% in the
observational group versus 14.9% in the antibiotic group; p = 0.885), complicated diverticulitis
(4.8% versus 3.3%; p = 0.403) and sigmoid resection (9.0% versus. 5.0%; p = 0.085). Young
patients (<50 years) and patients with a pain score at presentation of 8 or higher on a visual
analogue pain scale were at risk for complicated or recurrent diverticulitis. In this multivariable
analysis, treatment type (with or without antibiotics) was not an independent predictor for
complicated or recurrent diverticulitis.

Conclusion:

Omitting antibiotics in the treatment of uncomplicated acute diverticulitis did not result in more
complicated diverticulitis, recurrent diverticulitis or sigmoid resections at long-term follow up. As the
DIABOLO trial was not powered for these secondary outcome measures, some uncertainty remains
whether (small) non-significant differences could be true associations.

SUPPLEMENTARY MATERIAL accompanies this paper at https://doi.org/10.1038/s41395-018-0030-y
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Introduction
Acute diverticulitis occurs in four per cent of patients with
colonic diverticular disease as its inflammatory complication, and
is among the top ten diagnoses of patients with acute abdominal pain presenting to the general physician or at the emergency
department [1, 2]. Despite this frequent occurrence in Western

countries, contradictory views on the pathogenesis and treatment
strategies remain [3, 4].
One of those contradictory views is whether uncomplicated
acute diverticulitis should be routinely treated with antibiotics.
A recent survey among experts from four continents could not
reach consensus on this topic based on the previously published
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retrospective series and one randomized clinical trial (RCT), the
AVOD trial [3, 5–7]. This same split in opinions takes place in
international guidelines [4].
Recently, a randomized clinical trial (DIABOLO trial) including 528 patients with a first episode of computed tomography
(CT) proven uncomplicated acute diverticulitis, showed no shortterm repercussions of omitting antibiotics [8]. Observational
treatment did not result in longer time to recovery or higher rates
of readmission, complicated, ongoing and recurrent diverticulitis and sigmoid resection at short-term follow up. Both RCT’s on
this topic, the AVOD trial and the DIABOLO trial, only reported
1-year follow-up results. Despite that no significant differences
were found between an observational and antibiotic treatment
strategy, both trials showed a non-significant trend towards more
cases of complicated diverticulitis and elective sigmoid resections.
Therefore, long-term data may provide valuable information on
the safety of omitting antibiotics in mild diverticulitis. Here, longterm effects are reported of the DIABOLO trial.

visualize longitudinal patters of multiple outcomes within one
figure. The methods of creating lasagna plots have been described
before [12]. Full recovery was defined by meeting the following
criteria: discharge from the hospital, normal diet (tolerating solid
food and more than 1 L of fluid orally), temperature <38°C, VAS
pain score <4 (with no use of daily pain medication) and resuming to pre-illness working activities; as assessed by a daily patient
diary. Recurrent diverticulitis was defined as a clinical picture of
diverticulitis whether or not imaging proven with an interval of
at least 3 months from randomization. Only recurrent episodes
diagnosed by a physician (general practitioner or hospital physician) were recorded. There were no pre-specified criteria for a
clinical diagnosis of recurrent diverticulitis, but diagnoses were
established as in daily practice. A recurrent episode was treated
with or without antibiotics according to daily practice, treatment
allocation by randomization was not maintained throughout the
follow up. The study protocol and some protocol amendments
were published previously [8, 13].
Statistical analysis

Methods
Study design and patient population

The DIABOLO trial was a multicenter, pragmatic, non-inferiority, randomized clinical trial, taking place in 22 clinical sites in
the Netherlands during 2010–2012. A total of 528 patients with
CT-proven, first episode, left-sided and uncomplicated acute
diverticulitis were randomized to either an observational (262
patients) or an antibiotic (266 patients) treatment strategy. The
antibiotic regimen consisted of amoxicillin-clavulanic acid in a
10-day course with intravenous administration for at least 48 h,
after which the route could be switched—if tolerated—to oral
administration. Uncomplicated acute diverticulitis was defined as
modified Hinchey stages 1a and b and Ambrosetti’s “mild” diverticulitis stage [9, 10].
Data collection and outcomes

Follow-up was performed by outpatient clinic visits or by telephone at 12 and 24 months and all hospital records were
reviewed, data collection was done using standardized case
record forms. First, the antibiotic and observational treatment
strategy groups were compared in a complete case analysis
regarding rates of recurrent diverticulitis, complicated diverticulitis and sigmoid resection. Between 6 months (primary endpoint
of the DIABOLO trial) and the end of 2-year follow-up patients
were allowed to be enrolled in another Dutch randomized clinical trial (DIRECT trial) [11] comparing surgical or conservative treatment of patients with 3 or more episodes of recurrent
diverticulitis or persistent complaints for at least 3 months after
an episode of acute diverticulitis. Since this potentially introduced bias for the outcome measure sigmoid resection, patients
were censored for this outcome at the time of their enrollment in
the DIRECT trial. Second, differences among treatment groups
were explored and risk factors for complicated diverticulitis and
recurrent diverticulitis were identified. The association between
complicated or recurrent diverticulitis and elective sigmoid
resection was visualized using lasagna plots. Lasagna plots can
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For categorical variables, numbers and percentages were calculated and compared using the χ2-test or Fisher’s exact test, as
appropriate. Multivariable logistic regression was used to identify independent risk factors. Variables that were significant
or approached significance (p ≤ 0.10) in the univariable analyses, were entered into the multivariable logistic analyses. Some
numerical variables (e.g., age and pain scores) were converted into
dichotomous categorical variables defined by clinically relevant
thresholds, making them more easy to interpret and more easy to
use in daily practice. All risk estimates are expressed in odds ratios
(OR). Since a non-inferiority margin was only established for the
primary outcome of the RCT (time to recovery), analysis of longterm (secondary) outcomes in the present study was performed
using a superiority approach. A two-sided p<0.05 was considered
statistically significant. TRIPOD guidelines for reporting were
followed [14]. All analyses were performed using SPSS, version
23.0 (SPSS Inc., Chicago, IL, USA).

Results
Observational versus antibiotic treatment strategy

A total of 227 patients (86.6% of 262; 3 patients died and 32 were
lost to follow up) in the observational group and 241 patients
(90.6% of 266; 1 patient died and 24 were lost to follow up) in the
antibiotic group completed the 24 months of follow up and were
included in the complete case analysis. This analysis showed similar proportions of patients with one or more episodes of recurrent acute diverticulitis during 2-year follow up; 15.4% (35/227)
in the observational group and 14.9% (36/241) in the antibiotic
group (p = 0.885). Comparison of only imaging-proven recurrent diverticulitis yielded comparable results; 11.0% (25/227)
in the observational group and 7.9% (19/241) in the antibiotic
group (p = 0.246). The proportion of patients that developed one
or more episodes of complicated diverticulitis was comparable
among groups (4.8% (11/227) versus 3.3% (8/241); p = 0.403). In
addition, rates of different types of complicated diverticulitis and
Volume 113 | July 2018 www.nature.com/ajg

Table 1 Intention-to-treat analyses of main secondary outcomes
among patients with uncomplicated acute diverticulitis assigned
to an observational or antibiotic treatment strategy at 24 months
follow up
Observation

Antibiotics

p-value

(N = 227a of
262)

(N = 241a of
266)

Recurrent diverticulitis
(≥1)b—no. (%)

35 (15.4%)

36 (14.9%)

0.885

Only imaging proven
recurrences

25 (11.0%)

19 (7.9%)

0.246

Complicated diverticulitis
(≥1)b—no. (%)

11 (4.8%)

8 (3.3%)

0.403

Typec—no.(%)
Abscess (>5 cm)

2 (0.9%)

3 (1.2%)

Perforation

5 (2.2%)

2 (0.8%)

Obstruction

4 (1.8%)

2 (0.8%)

Fistula

1 (0.4%)

1 (0.4%)

Diverticular bleeding
(≥1)b—no. (%)

3 (1.3%)

0 (0.0%)

0.113

11 (4.8%)

7 (2.9%)

0.275

Intervention for complicated
Diverticulitis (≥1)—no. (%)
Typec—no.(%)
Percutaneous

2 (0.9%)

2 (0.8%)

Surgery

10 (4.4%)

5 (2.1%)

Sigmoid resection—no. (%)d

20 (9.0%)

12 (5.0%)

Emergency

3 (1.4%)

2 (0.8%)

Elective

17 (7.7%)

10 (4.2%)

0.085

Type

Number of patients that completed the full 24 months of follow up; 86.6% in
the observational group and 90.6% in the antibiotic group
b
Number of patients with one or more episodes of recurrent diverticulitis
c
Patients can have more than 1 type of complicated diverticulitis
d
Due to censoring of 6 patients that were dually enrolled in the DIRECT trial, the
total number of patients in this comparison was 221 in the observational group
and 241 in the antibiotic group
a

© 2018 The American College of Gastroenterology

Since this complete case analysis only included patients that
completed the entire 24 months of follow up, attrition bias might
have been introduced. Three analyses were done to assess the risk
of attrition bias by exploring differences in baseline characteristics and clinical disease course. First, baseline characteristics were
comparable among the complete case analysis population and lost
to follow-up population (Supplementary Table 1). Second, only
minimal changes in rates of complications at 6 months in favor
of the antibiotic group were observed when the current complete
case study population was compared to the original intention-totreat population [8] (Supplementary Table 2). Third, the time to
recovery in observational patients was significantly longer in the
lost to follow-up group compared with the complete case group
(median 24 days versus 13 days, respectively; p = 0.004), whereas
the time to recovery in antibiotic patients was only slightly but not
significantly longer in the lost to follow-up group (median 15 days
versus 11 days, respectively; p = 0.106). This implies that patients
in the observational group tended to drop out of follow-up sooner
than patients in the antibiotic group when recovery of the initial
diverticulitis episode was prolonged.
Complicated and recurrent diverticulitis

Figures 1 and 2 show the long-term effects of observational or
antibiotic treatment of the initial episode of diverticulitis on the
occurrence of complicated and recurrent diverticulitis. No clear
distinctive pattern of distribution over time between the observational and antibiotic groups could be recognized for both complicated diverticulitis and recurrent diverticulitis.
Risk factors for the development of complicated or recurrent
diverticulitis were identified using univariable and multivariable
logistic regression. Independent risk factors for the development
of complicated or recurrent diverticulitis were younger age (<50
years; adjusted odds ratio (OR) 1.86; 95% confidence interval (CI)
1.05–3.32) and an initial pain score at first presentation of a visual analogue score (VAS) 8 or higher (adjusted OR 1.89; 95% CI

6

No. of complicated diverticulitis cases

interventions performed because of complicated diverticulitis
were comparable among groups (Table 1).
Although no differences in the proportion of complicated and
recurrent diverticulitis were found, the proportion of patients
undergoing sigmoid resection was non-significantly higher in
the observational group (9.0% (20/221) versus 5.0% (12/241);
p = 0.085). This trend is explained by a higher number of elective sigmoid resections in the observational group (7.7%; 17/227)
compared to the antibiotic group (4.2%; 10/241). The rates of
emergency sigmoid resections, however, were comparable (1.3%
(3/227) and 0.8% (2/241), respectively; Table 1). In the observational group, all three emergency resections were performed
because of perforated diverticulitis. In the antibiotic group, one
emergency was performed because of perforated diverticulitis
and the other one because of sigmoid obstruction.

Complicated diverticulitis

5

Antibiotic

4

Observational

3

2

1

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time in months
Fig. 1 Number of complicated diverticulitis episodes in each month for
the 24 months after randomization, comparing the observational (N = 227)
and antibiotic (N = 241) treatment groups. Patients can have more than 1
episode of complicated diverticulitis
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Recurrent diverticulitis

No. of recurrent diverticulitis cases

Colon

8

Antibiotic

7

Observational
6
5
4
3
2
1
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time in months
Fig. 2 Number of recurrent diverticulitis episodes in each month for the
24 months after randomization, comparing the observational (N = 227)
and antibiotic (N = 241) treatment groups. Patients can have more than 1
episode of recurrent diverticulitis

1.06–3.35). Treatment type by itself was not an independent risk
factor for complicated or recurrent diverticulitis (adjusted OR of
1.18 (95% CI 0.69–2.02) for observational treatment compared to
antibiotic treatment; Table 2). Only younger age (<50 years) was
an independent risk factor for recurrent diverticulitis (adjusted
OR 1.80; 95% CI 1.05–3.11; Table 3).
Elective sigmoid resection

The trend towards more elective sigmoid resection rates (7.7%
in the observational group versus 4.2% in the antibiotic group)
could not be explained by specific indications for surgery.
(Table 4) Indications for elective sigmoid resection were mostly
comparable among both groups. Although, recurrent diverticulitis and colonic obstruction were slightly more often the reason
for elective surgery whereas the number of patients that had one
or more episodes of recurrent diverticulitis (35 patients in the
observational group and 36 in the antibiotic group) and colonic
obstruction (4 patients in the observational group and 2 in
the antibiotic group) were comparable. The patients’ hospital
was no contributing factor since multivariable logistic regression demonstrated comparable odds ratios for sigmoid resection
with (OR 1.89; 95% CI 0.90–3.98) or without adjustment (OR
1.90; 95% CI 0.91–3.98) for center. A lower threshold to perform
a sigmoid resection after an adverse event in the observational
group may have played a role which is illustrated by the lasagna
plots in Fig. 3. The occurrence of either complicated or recurrent
diverticulitis was equally distributed throughout the 2 years of
follow up and comparable rates were seen at 2 years after randomization (18.1% in the observational group versus 17.4% in the
antibiotic group). Despite these comparable rates, slightly more
patients underwent an elective sigmoid resection after an episode
of complicated or recurrent diverticulitis. These lasagna plots also
show the vast majority of patients did not experience any diverticulitis related complications during the 2 years after their initial
episode.
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Discussion
Long-term follow-up results of a randomized clinical trial comparing an observational and antibiotic treatment strategy for a
first episode of uncomplicated acute diverticulitis revealed no
difference in recurrent diverticulitis rates and complicated diverticulitis rates. Slightly, but not significantly, more elective sigmoid
resections were performed in the observational group, although
the number of patients with complicated or recurrent diverticulitis was comparable in both study groups.
Most results are in line with the only other RCT on this topic,
the AVOD trial [7]. This Scandinavian study found 16.2% recurrent diverticulitis in the observational group and 15.8% in the
antibiotic group, both at a follow-up duration of 12 months. These
rates were slightly higher at only half the follow-up duration of the
present study. Presumably, this is caused by the 40% of patients
that had recurrent rather than primary diverticulitis at inclusion
in the AVOD trial. Furthermore, also the AVOD trial found a
non-significantly higher rate of complicated diverticulitis, 1.9%
in the observational group versus 1.0% in the antibiotic group
(p = 0.302). As in both studies few events occurred, discriminating between causal association and a non-significant difference
by chance seems impossible. Furthermore, the AVOD trial only
reported perforation and abscess as complicated diverticulitis types. Therefore, comparisons of other types of diverticulitis
related complications (obstruction, fistula and diverticular bleeding) between the studies could not be made.
Although not significant, the slightly higher proportion of
patients undergoing elective sigmoid resection in the observational group may be a new perspective in the treatment dilemma of
antibiotics or not for mild diverticulitis. The AVOD trial has only
reported resection rates up to 12 months follow up. These rates
were also, however not significantly higher in the observational
group (1.9% versus 0.6%, p = 0.148). These percentages represent
sigmoid resections during follow up. Whether emergency resections are part of these follow-up resections is not stated. Apart
from these two randomized trials, only one retrospective study
with similar follow-up duration (mean 30 months) reported elective sigmoid resection rates [5]. In contrast to the present study,
this retrospective study found more elective sigmoid resections in
the antibiotic group (1.1% of patients in the observational group
versus 8.7% of patients in the antibiotic group). Although, the
inevitable bias that has been introduced by the non-randomized
nature of this study makes these results only illustrative rather
than comparable to the present study.
In contrast to the other available RCT, indications for elective
sigmoid resections were listed in the DIABOLO trial. This revealed
that most indications for elective surgery were comparable among
groups. In the observational group recurrent diverticulitis and
colonic obstruction were mentioned more often as a reason for
sigmoid resection. Since rates of adverse events were comparable among groups, surgeon and/or patient preference with a
lower threshold for surgery in the observational group may have
played a role. An explanation for this different threshold could
be the open-label study design in which patients may feel they
did not receive treatment (being antibiotics) during their initial
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No. of patients at risk for complicated
diverticulitis or recurrence

Complicated diverticulitis or
recurrence N (%)

Univariable OR (95% CI)

Male

227

41 (18.1%)

0.93 (0.59–1.49)

Female

241

46 (19.1%)

Multivariable OR
(95% CI)

Gender

BMI
<30 kg/m2

352

59 (16.8%)

>30 kg/m2

96

23 (24.0%)

1.57 (0.91–2.70)

Age
<50 years

136

35 (25.7%)

≥50 years

332

52 (15.7%)

I

297

62 (20.9%)

II or III

171

25 (14.6%)

Yes

106

26 (24.5%)

No

334

55 (16.5%)

Yes

80

17 (21.3%)

No

249

48 (19.3%)

VAS<8

298

47 (15.8%)

VAS≥8

101

26 (25.7%)

1a

435

81 (18.6%)

1b

33

6 (18.2%)

Observational

227

44 (19.4%)

Antibiotic

241

43 (17.8%)

1.87 (1.15–3.03)

1.86 (1.05–3.32)

0.65 (0.39–1.08)

0.84 (0.45–1.54)

1.65 (0.97–2.80)

1.51 (0.84–2.71)

ASA score

Smoking

Alcohol ≥2 units/day
1.13 (0.61–2.10)

Pain score at presentation
1.85 (1.07–3.19)

1.89 (1.06–3.35)

Hinchey
0.97 (0.39–2.43)

Treatment type
1.11 (0.70–1.76)

1.18 (0.69–2.02)

ASA American Society of Anesthesiologists, BMI body mass index, VAS visual analogue score
Bold indicates a significant multivariable odds ratio

episode and demand treatment when disease recurs, albeit being
more invasive treatment. Another explanation could be the minor
(non-significant) differences to the disadvantage of observational
treatment that were observed such as time to recovery (median
14 versus 12 days), ongoing diverticulitis (7.3% versus 4.1%) and
complicated diverticulitis (4.8% versus 3.3%) (See Supplementary
Figure 1 for a visualization of all short-term and long-term outcomes of the DIABOLO trial). Although all these differences were
by enlarge non-significant, in theory they could have caused by a
slightly less favorable disease course in the observational group,
accumulating into a disease status that leaned more towards sigmoid resection. Although, the subjective evaluation leading to an
elective sigmoid resection limits the value and generalizability of
this finding.

© 2018 The American College of Gastroenterology

A strength of this study is the source of the data; a randomized
clinical trial conducted according to the highest standards of randomized trials. The study was prospective and data collection was
standardized. An inherent limitation of data from a RCT is the
possible selection of patients. However, as reported previously,
patients eligible to participate that were not randomized had
clinical characteristics mostly similar to the patients that were
randomized [8]. Another limitation is the insufficient sample size
to assess outcome measures with few events and subgroups that
might benefit from antibiotics, as the sample size of this trial was
calculated on the time-to-recovery comparison between an observational and antibiotic treatment strategy. One more limitation
is the possible risk of attrition bias. In a complete case analysis,
only patients that completed the entire follow-up duration were
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Table 3 Univariable and multivariable analyses of risk factors (odds ratio) associated with 1 or more episodes of recurrent diverticulitis in
patients that completed the 24 months of follow up
No. of patients at risk for recurrence

Recurrence N (%)

Univariable OR (95% CI)

Male

227

34 (15.0%)

0.97 (0.59–1.61)

Female

241

37 (15.4%)

<30 kg/m2

352

46 (13.1%)

>30 kg/m

96

20 (20.8%)

<50 years

136

30 (22.1%)

≥50 years

332

41 (12.3%)

I

297

51 (17.2%)

II or III

171

20 (11.7%)

Yes

106

19 (17.9%)

No

334

47 (14.1%)

Yes

80

13 (16.3%)

No

249

39 (15.7%)

VAS<8

298

41 (13.8%)

VAS≥8

101

20 (19.8%)

1a

435

69 (15.9%)

1b

33

2 (6.1%)

Observational

227

35 (15.4%)

Antibiotic

241

36 (14.9%)

<28 days

342

48 (14.0%)

≥28 days

126

23 (18.3%)

Multivariable OR (95% CI)

Gender

BMI

2

1.75 (0.98–3.13)

1.67 (0.92–3.02)

2.01 (1.19–3.38)

1.80 (1.05–3.11)

Age

ASA
0.64 (0.37–1.11)

Smoking
1.33 (0.74–2.39)

Alcohol ≥2 units/day
1.05 (0.53–2.07)

Pain score at presentation
1.55 (0.86–2.79)

Hinchey
0.34 (0.08–1.46)

Treatment type
1.04 (0.63–1.72)

1.05 (0.62–1.78)

Time to recovery
1.37 (0.79–2.36)

ASA American Society of Anesthesiologists, BMI body mass index, VAS visual analogue score
Bold indicates a significant multivariable odds ratio

included. Patients can become lost to follow up because of certain
baseline characteristics or because of a deviant clinical course,
both may influence the results of the analyses. In the present study,
baseline characteristics did not seem to be a contributing factor.
Also outcomes of patients included in the 6 months analysis and
patients included in the complete case analysis were comparable.
Patients lost to follow up in the observational group however, did
have a longer time to recovery than patient not lost to follow up.
The open-label study design presumably caused patients in the
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observational group to drop out of follow-up sooner. Nonetheless,
since prolonged time to recovery did not seem to have a significant effect on rates of events during follow up in the risk factor
analyses, the impact on outcomes is considered to be limited. In
summary, the risk of attrition bias seems limited and, if present,
would probably have resulted in slightly underestimated rates
of complications in the observational group. Furthermore, outcomes of patients that were dually enrolled in the DIRECT trial
[11] (comparing surgery and conservative treatment for persist-
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ing complaints after acute diverticulitis) were biased. Therefore,
these patients, six from the observational group, were censored at
the time of their enrollment in the DIRECT trial. In the DIRECT
trial, four of these six patients were randomized to conservative
treatment and two of six were randomized to sigmoid resection.
However, two of the patients randomized to conservative treatment did eventually undergo sigmoid resection because of worsTable 4 Indications for elective sigmoid resection at 24 months
follow up
Observation

Antibiotics

(N = 221a)

(N = 241a)

Perforated diverticulitis

0

0

Obstruction/chronic ileus

4

1

Ongoing diverticulitis

2

0

Persistent abdominal complaints

4

6

Recurrent diverticulitis

5

2

Diverticular bleeding

1

0

Fistula

1

1

Total

17

10

Number of patients that completed the full 24 months of follow up; 86.6% in
the observational group and 90.6% in the antibiotic group. Six observational
patients were censored due to dual enrollment in the DIRECT trial

a

ening symptoms. If these patients would not have been excluded
from the present study, the rate of elective sigmoid resection
would have been slightly higher in the observational group. Since
all dually enrolled patients—both surgical patients and conservative patients that underwent resection because of worsening
symptoms later—were biased by that study, these patients were
excluded from the present study.
In parallel with the comparable time to recovery between
observational and antibiotic treatment reported in the short-term
results of the DIABOLO trial [8], this study found at long-term
follow up no differences in recurrent diverticulitis, complicated
diverticulitis and sigmoid resection rates. The non-significant
higher rate of elective sigmoid resections in the observational
group seems to have been caused by a lower threshold for surgery in this group. However, the subjective evaluation leading to
an elective sigmoid resection limits the value and generalizability
of this finding. Since the DIABOLO trial was not powered on the
secondary outcomes, some uncertainty remains whether (small)
non-significant differences could be true associations. If future
research would show any beneficial effect of antibiotics for a subset of long-term outcome parameters, these should be compared
with the disadvantages of antibiotics as reported in the initial
DIABOLO paper [8]; patients treated with antibiotics developed
antibiotic related morbidity in 8.3% of patients, whereas patients
without antibiotic treatment could be treated as outpatients in
13.0% of cases and if admitted, length of hospital stay was significantly shorter compared with antibiotic patients.

Antibiotic treatment

100%

Observational treatment

100%

90%

90%

No adverse event

80%

80%

70%

70%

Complicated or recurrent
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Fig. 3 Sorted lasagna plots showing 24 months of follow up after randomization of an observational (N = 227) and antibiotic (N = 241) treatment strategy.
The plots are within-column sorted, thereby displaying group-level patterns. The light gray area represents patients with no episode of complicated or
recurrent diverticulitis, nor sigmoid resection. The green area represents patients that had one or more episodes of complicated or recurrent diverticulitis,
but did not undergo sigmoid resection (yet). The red area represents patients that underwent elective sigmoid resection and the blue area represents
patients that underwent emergency sigmoid resection. Therefore, a patient that had an episode of complicated or recurrent diverticulitis is represented by
the green area, but after an elective sigmoid resection the patient is represented by the red area and no longer by the green area

© 2018 The American College of Gastroenterology

The American Journal of

Gastroenterology

1051

Colon

long-term effects of omitting antibiotics in uncomplicated acute diverticulitis

Colon

1052

van Dijk et al.

Acknowledgements

References

The Institutional Review Board and Dutch Central Committee on
Research Involving Human Subjects approved the study protocol on
29 October 2009.

2.

CONFLICT OF INTEREST

Guarantor of the article: Marja A. Boermeester.
Specific author contributions: S.T.v.D. contributed to the design
and analysis of data for the work; S.T.v.D., L.D., C.U., N. de K., S.v.D.,
H.B.S., B.C.V., E.C.C., J.A.v.d.H., Q.A.E., I.F.F., W.A.B., M.G.D. and
M.A.B. contributed to the interpretation of data for the work; SvD
drafted the work; L.D., C.U., N. de K., S.v.D., H.B.S., B.C.V., E.C.C.,
J.A.v.d.H., Q.A.E., I.F.F., W.A.B., M.G.D. and M.A.B. revised the
work critically. All authors approved the version to be published.
Financial support: The DIABOLO trial was funded by the Netherlands Organization for Health Research and Development (ZonMw;
171002303), and Digestive Diseases Foundation (Maag Lever Darm
Stichting, MLDS WO08-54).
Potential competing interest: None.

Study Highlights
WHAT IS CURRENT KNOWLEDGE

✓✓Omitting antibiotics in uncomplicated acute diverticulitis is
without short-term repercussions.
✓✓A non-significant trend towards more complicated diverticulitis without antibiotics was observed in two RCTs.

WHAT IS NEW HERE

1.

3.
4.

5.
6.
7.
8.
9.
10.
11.

12.
13.

✓✓Omitting antibiotics in uncomplicated diverticulitis did not
result in more complicated diverticulitis, recurrent diverticulitis or sigmoid resections at 2-year follow up.

✓✓Young patients (<50 years) and patients with a pain score

at presentation of 8 or higher on a visual analogue pain
scale were at risk for complicated or recurrent diverticulitis.

The American Journal of

Gastroenterology

14.

Shahedi K, Fuller G, Bolus R, et al. Long-term risk of acute diverticulitis
among patients with incidental diverticulosis found during colonoscopy.
Clin Gastroenterol Hepatol. 2013;11:1609–13.
Viniol A, Keunecke C, Biroga T, et al. Studies of the symptom abdominal
pain–a systematic review and meta-analysis. Fam Pract. 2014;31:517–29.
O’Leary DP, Lynch N, Clancy C, Winter DC, Myers E. International,
Expert-Based, Consensus Statement Regarding the Management of Acute
Diverticulitis. JAMA Surg. 2015;150:899–904.
Vennix S, Morton DG, Hahnloser D, Lange JF, Bemelman WA. Research
Committee of the European Society of C. Systematic review of evidence
and consensus on diverticulitis: an analysis of national and international
guidelines. Colorectal Dis. 2014;16:866–78.
Hjern F, Josephson T, Altman D, et al. Conservative treatment of acute
colonic diverticulitis: are antibiotics always mandatory? Scand J Gastroenterol. 2007;42:41–7.
de Korte N, Kuyvenhoven JP, van der Peet DL, Felt-Bersma RJ, Cuesta
MA, Stockmann HB. Mild colonic diverticulitis can be treated without
antibiotics. A case-control study. Colorectal Dis. 2012;14:325–30.
Chabok A, Pahlman L, Hjern F, Haapaniemi S, Smedh K, Group AS. Randomized clinical trial of antibiotics in acute uncomplicated diverticulitis.
Br J Surg. 2012;99:532–9.
Daniels L, Unlu C, de Korte N, et al. Randomized clinical trial of observational versus antibiotic treatment for a first episode of CT-proven
uncomplicated acute diverticulitis. Br J Surg 2017;104:52–61.
Wasvary H, Turfah F, Kadro O, Beauregard W. Same hospitalization
resection for acute diverticulitis. Am Surg. 1999;65:632–5. discussion 6
Ambrosetti P, Grossholz M, Becker C, Terrier F, Morel P. Computed
tomography in acute left colonic diverticulitis. Br J Surg. 1997;84:532–4.
van de Wall BJ, Stam MA, Draaisma WA, et al. Surgery versus conservative management for recurrent and ongoing left-sided diverticulitis
(DIRECT trial): an open-label, multicentre, randomised controlled trial.
Lancet Gastroenterol Hepatol. 2017;2:13–22.
Swihart BJ, Caffo B, James BD, Strand M, Schwartz BS, Punjabi NM.
Lasagna plots: a saucy alternative to spaghetti plots. Epidemiology.
2010;21:621–5.
Unlu C, de Korte N, Daniels L, et al. A multicenter randomized clinical
trial investigating the cost-effectiveness of treatment strategies with or
without antibiotics for uncomplicated acute diverticulitis (DIABOLO
trial). BMC Surg. 2010;10:23.
Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent Reporting
of a multivariable prediction model for Individual Prognosis Or Diagnosis
(TRIPOD): the TRIPOD Statement. Br J Surg. 2015;102:148–58.

Volume 113 | July 2018 www.nature.com/ajg

