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Abstract
Background Diverticulitis is a common complication of diverticular disease of the colon. While complicated diverticulitis
often warrants intervention, acute uncomplicated diverticulitis (AUD) is usually managed conservatively. The aim of the
present review was to evaluate the efficacy and safety of conservative treatment of AUD without antibiotics compared to
standard antibiotic treatment.
Methods A systematic literature review in compliance with PRISMA guidelines was conducted. Electronic databases including PubMed/Medline, Scopus, Embase and Cochrane central register of controlled trials were searched. Studies that assessed
efficacy and safety of treatment of AUD without antibiotics were included. Outcome parameters were rates of treatment
failure, recurrence of diverticulitis, complications and mortality, readmission to hospital, and need for surgery.
Results Nine studies including 2565 patients were included to the review. Of these patients, 65.1% were treated conservatively without antibiotics. Treatment failure was observed in 5.1% of patients not-given-antibiotic treatment versus 3.4%
of those given antibiotic treatment. Recurrent diverticulitis occurred in 9.3% of patients in the non-antibiotic group versus
12.1% of patients in the antibiotic group. On meta-analysis of the studies, there were no significant differences between
non-antibiotic and antibiotic treatment groups regarding rates of treatment failure (OR = 1.5, p = 0.06), recurrence of diverticulitis (OR = 0.81, p = 0.2), complications (OR = 0.56, p = 0.25), readmission rates (OR = 0.97, p = 0.91), need for surgery
(OR = 0.59, p = 0.28), and mortality (OR = 0.64, p = 0.47). The only variable that was significantly associated with treatment
failure in the non-antibiotic treatment group was associated comorbidities (standard error (SE) = − 0.07, 95% CI − 0.117
− 0.032; p < 0.001).
Conclusions Treatment of AUD without antibiotics is feasible, safe, and effective. Adding broad-spectrum antibiotics to the
treatment regimen did not serve to decrease treatment failure, recurrence, complications, hospital readmissions, and need
for surgery significantly compared to non-antibiotic treatment.
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Diverticular disease (DD) of the colon occurs most frequently in western countries, with an increasing incidence
throughout the world [1]. DD equally affects both sexes with
a mean age at presentation of 60 years. The term DD encompasses three progressive conditions; asymptomatic disease,
symptomatic uncomplicated disease, and complicated disease [2].
Patients with symptomatic uncomplicated DD often
present with cramping pain in the left iliac fossa, associated with flatulence and change in bowel habits that
may involve constipation or diarrhea. Such non-specific
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symptoms can sometimes be confused with irritable bowel
syndrome which may consequently lead to delay in diagnosis and management of DD.
Diverticulitis is a common and important complication
of DD. Although more than 70% of cases of acute uncomplicated diverticulitis (AUD) are mild and respond well to
conservative management, further complications including pericolic abscess, pelvic abscess, and perforation with
purulent or fecal peritonitis may potentially ensue [3, 4].
In contrast to patients with complicated diverticulitis
revealed by computed tomography (CT) scan who require
inpatient admission and surgical consultation [5], patients
with Hinchey stage I mild AUD can be managed on an
outpatient basis with a success rate of around 97% [6]. The
outpatient treatment regimen consists of clear liquid diet
and oral broad-spectrum antibiotics for 1 week to 10 days.
Clinical improvement is expected to be observed within
72 h after starting conservative treatment according to the
guidelines of the World Gastroenterology Organization
[7].
Although antibiotics have been considered the standard
treatment for AUD, their actual role in the management of
AUD has been questioned by some investigators who suggested that AUD is a type of inflammatory bowel disease
rather than a sequel of micro-perforation [8]. Although
some international guidelines [9, 10] still recommend the
use of antibiotics in the management of AUD, the American Gastroenterological Association advised that antibiotics should be used selectively rather than routinely
in patients with AUD [11]. A recent survey [12] found
that only 9% of gastroenterologist and 10% of surgeons
considered antibiotics mandatory in the management of
AUD. However, the type of antibiotics prescribed varied
considerably among the two disciplines.
The aim of the present review was to examine the ultimate efficacy and safety of conservative treatment of AUD
without antibiotics through a systematic, organized literature search. The outcome of conservative management of
AUD without antibiotics was compared to that of antibiotic treatment through a meta-analysis of comparative,
controlled trials that comprised both groups.

Materials and methods
Registration
This systematic review has been registered a priori
in the international prospective register of systematic
reviews (PROSPERO) under the registration number
CRD42017076001.
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Search strategy
Two of the authors (S.E and H.E) conducted an organized,
computerized literature search for studies that reported
the efficacy and safety of symptomatic treatment of AUD
without antibiotics. This review was done in adherence to
the screening guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
[13] (Fig. 1).
Published and ahead-of-publication studies were
retrieved from electronic databases including PubMed/
Medline, Scopus, Embase, and Cochrane Central Register of Controlled Trials. The search process involved
articles published in the period from January 1946 until
September 2017. PubMed function “related articles” was
used to search further articles. The reference section of
each study was manually screened for potentially relevant
publications.
Keywords used in the search process included: “diverticulitis,” “diverticular disease,” “diverticulosis,” “acute
uncomplicated,” “uncomplicated,” “conservative,” “antibiotics,” “outcome,” “efficacy,” “symptomatic,” “treatment,” and
“complications”. We also used the following medical subject
heading (MeSH) terms in the literature search: (diverticulitis), (antibiotics), (treatment outcome), and (recurrence).
Duplicate publications and conference abstract-only
reports were excluded. The remaining articles were screened
by title and abstract, then full-text screening was performed
by the authors in an independent manner to check article
eligibility for inclusion to the review.

Eligibility criteria
All English-language publications that assessed the efficacy
and safety of conservative treatment of AUD without using
antibiotics were considered eligible to be included to the
review. The type of eligible studies included cohort noncontrolled studies, case-controlled studies, and randomized
controlled trials (RCTs).
We excluded irrelevant articles, editorials, letters, case
reports, reviews, and meta-analyses. Articles that did not
report the primary outcomes of the review (treatment failure
and complication rates) clearly were also excluded.

Assessment of methodological quality and risk
of bias within the studies
The methodological quality of each study was assessed by
two independent reviewers (S.E & H.E). If any discrepancy
in interpretation was noted, a third reviewer (M.S) was
consulted.
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Fig. 1  PRISMA flow diagram for the literature search and article selection

The quality of case series and cohort studies was
assessed using the checklist of the National Institute for
Health and Clinical Excellence (NICE) [14] and each
study was given a score. The quality of the studies was
defined as good (Score = 7–8), fair (Score = 4–6), and
poor (Score < 3).
The quality of comparative studies was assessed using
the revised grading system of the Scottish Intercollegiate
Guidelines Network (SIGN) [15]. The quality of the studies was defined as good (Score > 14), fair (Score = 8–14),
and poor (Score < 8).

Data extraction
The following information was extracted from each study:
duration and type of the study, total number of patients
included, male-to-female ratio, mean age, number of
patients treated with and without antibiotics, and details
and duration of treatment.
Next, we extracted the failure rate, recurrence of diverticulitis, readmission rates, need for surgery, complications, mortality, and length of hospital stay (LoS) after
each type of conservative treatment (antibiotic versus no
antibiotic) employed in the management of AUD.

Outcomes and definitions
The primary outcome of the review was the rates of failure
and complications of conservative treatment of AUD without antibiotics. Secondary outcomes included recurrence of
diverticulitis, readmission rate, need for surgery whether
during admission or after discharge, and LoS.
All studies included AUD as defined by the Ambrosetti
criteria [16] or Hinchey [17] classification. The diagnosis
of AUD was confirmed by CT scanning with intravenous
contrast and was radiologically defined by absence of signs
of perforation, abscess, fistula, or colonic obstruction. One
study [26] used either abdominal CT or ultrasonography to
confirm the diagnosis of AUD.
The studies defined treatment failure as deterioration of
symptoms prompting antibiotic treatment during the index
admission. In addition, readmission within 1 month of discharge due to persistent symptoms, with or without complications was considered failure of treatment.
Recurrence was defined as a new episode of diverticulitis occurring at least 1 month after discharge. Complications included complicated diverticulitis with either
abscess, perforation, fistula, or obstruction, and antibioticrelated adverse effects such as diarrhea during admission
or within 1 month of discharge. Readmission was defined
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as readmission of patients with AUD within 1 year after
discharge due to continued or recurrent symptoms and/or
complications.

Assessment of publication bias among the studies
included
Publication bias across the studies was assessed using a
funnel plot of the standard error of the failure rate of nonantibiotic treatment of AUD against the failure rates in the
studies reviewed. A straight vertical line in the plot indicates
the zone in which 95% of studies should be if there were no
publication bias. In addition, the Begg and Mazumdar rank
correlation test and Egger’s regression test were used for
assessment of publication bias in the studies reviewed.

Statistical analysis
Data were analyzed using SPSS version 23 (IBM Corp,
Bristol, UK). Continuous variables were expressed as
mean ± standard deviation (SD), or median and normal
range. Categorical variables were expressed as number
and percentage. A p value less than 0.05 was considered
significant.
A meta-analysis of recurrence and complication rates
across the studies was conducted using open-source, crossplatform software for advanced meta-analysis “openMeta
[Analyst]™” version 12.11.14 [18]. Data were pooled and
the weighted mean rates with a 95% confidence interval (CI)
were calculated.
Differences between the two groups with regards to failure of treatment, recurrence and complication rates were
expressed as odds ratio (OR) with the 95% CI. Statistical
heterogeneity was determined by the p value of the Cochrane
Q test for heterogeneity and the inconsistency (I2) statistics.
Heterogeneity was considered low if I2 < 25% and high if
I2 > 75%. If no significant statistical heterogeneity was present, a fixed-effect model was used to pool data, whereas in
the case of significant (p < 0.1) statistical heterogeneity, the
binary random-effect model was utilized for pooling of data.
A random-effect meta-regression model was used weighing the studies by their within-study variance and the degree
of heterogeneity to determine the predictive factors for failure of conservative treatment of AUD without antibiotics.
The heterogeneity between the studies was explored in relation to differences in patients’ age, sex, associated comorbidities, body temperature on admission, leucocyte count
on admission, and previous episodes of diverticulitis. The
statistical significance of each examined variable was examined using slope regression coefficient (SE) which is the
estimated increase in the log odds of the outcome per unit
increase in the value of the exposure, 95% CI, and p value.
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Results
Characteristics of patients and studies
Nine studies [19–27] were considered eligible and were
included to the review. The studies were published
between 2007 and 2017. All studies were undertaken in
European countries. Two studies were RCTs, two were
prospective cohort (single arm) trials, and five were casecontrolled studies. On assessment of the quality of study
methodology, two studies were of good quality, six of fair
quality, and 1 of poor quality.
All studies were single-center except the two randomized trials [19, 25] and one observational study [26].
The non-randomized trials subdivided the patients into two
groups (antibiotic versus no antibiotic) based on treatment
decision. None of the cohort studies reported performing
matching or propensity score analysis.
The studies comprised 2565 patients with AUD as diagnosed by abdominal CT scan with intravenous contrast
on admission. There were 991 (38.6%) males and 1574
(61.4%) females with a mean age of 58.6 ± 1.7 (range
56–61) years. Two studies [19, 25] reported the body mass
index (BMI) of patients which was 26.6 and 27.7 kg/m2.
Patients were treated conservatively with (n = 894; 34.9%)
or without (n = 1671; 65.1%) antibiotics. The median duration of follow-up was 12 (range 1–50) months. Characteristics of the studies are displayed in Table 1.

Outcome of conservative treatment
without antibiotics
Conservative treatment of AUD without antibiotics consisted of intravenous fluid therapy, restriction of oral intake
to liquid diet, and proper analgesia. Analgesics used for pain
management were either non-steroidal anti-inflammatory
drugs (NSAIDs) (six studies), acetaminophen (one study)
[23], or either NSAIDs or acetaminophen (two studies) [21,
26]. Outpatient treatment of AUD was applied in 47.2% of
801patients as reported in five studies [19, 21–24].
All studies reported the outcomes of the review except
one study [21] that did not report the incidence of recurrence of AUD and another [22] that did not report LoS.
Failure of conservative treatment without antibiotics was
recorded in 85 (5.1%, range 2.6–10.7%) of 1671 patients.
The weighted mean rate of treatment failure was 4.5% (95%
CI 3–6%, I2 = 57.6). Recurrence was reported in 156 (9.3%,
range 2.2–26.4%) patients. The weighted mean recurrence
rate was 8.8% (95% CI 4.6–13.1%, I2 = 91.3).
Overall, failure of non-antibiotic treatment of AUD
was recorded in 8 (9.4%) patients who required oral
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528
243
161
77
155
195
623
272
311
RCT, multicenter
Retrospective comparative
Prospective cohort
Prospective comparative
Prospective cohort
Retrospective comparative
RCT, multicenter
Case-controlled
Retrospective comparative

261
170
101
33
101
118
403
187
200

57.4
60.3
56
57.2
57.4
60
58
61
60

262 (49.6)
177 (72.8)
161 (100)
45 (58.4)
155 (100)
178 (91.2)
309 (49.5)
191 (70.2)
193 (62)

266 (51.6)
66 (27.2)
NA
32 (61.6)
NA
17 (8.8)
314 (50.5)
81 (29.8)
118 (38)

12
12
1
6
3
12
12
50
30

18 (Good)
9 (Fair)
6 (Fair)
6 (Poor)
6 (Fair)
8 (Fair)
18 (Good)
10 (Fair)
8 (Fair)

antibiotic therapy according to 2 studies (20, 21), in 30
(35.3%) patients who required intravenous antibiotic therapy according to 5 studies (20–22, 25, 27), in 27 (31.7%)
patients who required readmission within 1 month after
discharge due to persistent or recurrent symptoms according to 4 studies (19, 20, 23, 24), and in 20 (23.5%) patients
who developed complications necessitating readmission
and intervention (percutaneous drainage of abscess or
acute operation) according to 4 studies (19, 23, 24, 26).
Readmission to hospital was required for 204 (12.2%,
range 1.1–27.4%) patients for either recurrent or complicated diverticulitis. The weighted mean readmission rate
was 10.6% (95% CI 5.7–15.4, I2 = 95.2). Forty (2.4%, range
0–8.3%) patients required surgery, either during primary
admission or during follow-up. The weighted mean rate of
need for surgery was 1.6% (95% CI 0.6–2.6%, I2 = 69.8). The
median LoS was 2 (range 1–7) days.
Complicated diverticulitis was recorded in 32 (1.9%,
range 0–4.6%) patients; complications included localized or
pelvic abscess in eight patients, perforation in eight patients,
colonic obstruction in five patients, stenosis in four patients,
fistula formation in five patients, and bleeding per rectum
in two patients. The weighted mean complication rate was
1.3% (95% CI 0.6–2.1%, I2 = 54.7). Mortality was recorded
in four (0.24%) patients. A summary of the outcome of conservative treatment without antibiotics across the studies is
given in Table 2.

Outcome of conservative treatment with antibiotics

RCTrandomized controlled trial

June 2010-Oct 2012
Jan 2013–June 2014
July 2014-June 2015
Apr 2013–Nov 2014
Mar 2012–Dec 2013
Jan 2011–Dec 2011
Oct 2003–Jan 2010
Jan 2001–Dec 2007
Jan 2000–June 2002
Daniels et al. (2017)
Brochmann et al. (2016)
Mail et al. (2016)
Ferrer et al. (2016)
Isacson et al. (2015)
Isacson et al. (2014)
Chabok et al. (2012)
de Korte et al. (2011)
Hjern et al. (2007)

The Netherlands
Norway
Finland
Spain
Sweden
Sweden
Sweden
The Netherlands
Sweden

No.
Duration
Study

Table 1  Characteristics of patients and studies

Country

Type

Female

Mean age Number without
(years)
antibiotics (%)

Number with
antibiotics (%)

Follow-up
(months)

Quality
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The studies used different combinations of antibiotics
including amoxicillin plus clavulanic acid, cephalosporines
plus metronidazole, piperacellin–tazobactem, carbapenem,
and ertapenem. Antibiotics were administered intravenously
during inpatient hospitalization then oral antibiotics were
used after discharge. Duration of antibiotic treatment was
7 days in 2 studies [22, 25], 7–10 days in 2 studies [19, 26]
and 10–14 days in 1 study [27].
All studies that used antibiotics in the treatment of AUD
reported the outcomes of the review except 1 study [22] that
did not report either the incidence of recurrence of AUD or
LoS.
Failure of conservative treatment including antibiotics
was recorded in 31 (3.4%, range 0–6.7%) of 894 patients.
The weighted mean rate of treatment failure was 3.6% (95%
CI 1.5–5.7%, I2 = 42.6). Recurrence was reported in 109
(12.1%, range 3–27.1%) patients. The weighted mean recurrence rate was 12.2% (95% CI 5.7–18.7%, I2 = 91.04).
Overall, failure of conservative treatment of AUD with
antibiotics was recorded in 15 (48.4%) patients who required
readmission within 1 month after discharge with persistent
or recurrent symptoms according to 3 studies (19, 20, 27)
and in 16 (51.6%) patients who developed complications
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Table 2  Outcome of conservative treatment of AUD without antibiotics
Study

Number Failure (%) Recurrence (%) Complications (%) Readmission (%) Mortality (%) Need for
surgery
(%)

Daniels et al. (2017)
262
Brochmann et al. (2016) 177
Mail et al. (2016)
161
Ferrer et al. (2016)
45
Isacson et al. (2015)
155
Isacson et al. (2014)
178
Chabok et al. (2012)
309
de Korte et al. (2011)
191
Hjern et al. (2007)
193
Total
1671

28 (10.7)
7 (3.9)
14 (8.7)
2 (4.4)
4 (2.6)
6 (3.4)
10 (3.2)
7 (3.6)
7 (3.6)
85 (5.1)

9 (3.4)
8 (4.5)
NA
1 (2.2)
5 (3.2)
21 (11.8)
47 (15.2)
14 (7.3)
51 (26.4)
156 (9.3)

12 (4.6)
1 (0.5)
0
0
3 (1.9)
2 (1.1)
6 (1.9)
7 (3.6)
1 (0.5)
32 (1.9)

66 (25.5)
2 (1.1)
5 (3.1)
7 (15.5)
4 (2.6)
6 (3.3)
47 (15.2)
14 (7.3)
53 (27.4)
204 (12.2)

3 (1.1)
0
0
0
0
0
0
1 (0.5)
0
4 (0.24)

10 (3.8)
2 (1.1)
0
1 (2.2)
0
2 (1.1)
7 (2.3)
16 (8.3)
2 (1)
40 (2.4)

Hospital stay
(days)
2
1.5
2.1
NA
1
1.9
2.9
7
3
–

AUD acute uncomplicated diverticulitis, NA not available

necessitating readmission and intervention according to 4
studies (19, 24–26).
Readmission to hospital was required in 134 (15%, range
4.5–28%) patients for either recurrent or complicated diverticulitis. The weighted mean of readmission to hospital was
9.3% (95% CI: 5.9–12.9%, I2 = 94.5). Forty-one (4.5%, range
0–14.4%) patients required surgery, either during primary
admission or during follow-up. The weighted mean of need
for surgery was 2.2% (95% CI 0.7–3.7%, I2 = 77.9). The
median LoS was 2.9 (range 2.1–7) days.
Complicated diverticulitis was recorded in 24 (2.7%,
range 0–9.1%) patients; complications included localized
or pelvic abscess in 3 patients, perforation in 9 patients,
colonic obstruction in 4 patients, stenosis in 4 patients, fistula formation in 2 patients, and antibiotic-related diarrhea

in 2 patients. The weighted mean complication rate was
2.6% (95% CI 1–4.1%, I2 = 44.3). Mortality was recorded in
3 (0.33%) patients. A summary of the outcome of antibiotic
treatment across the studies is given in Table 3.

Meta‑analysis of outcome parameters of the two
groups
Two studies [21, 23] evaluated conservative treatment of
AUD without antibiotics but did not compare the outcome
with an antibiotic group, therefore, these studies were
excluded from the meta-analysis.
On meta-analysis of seven comparative studies, there
were no significant differences between the non-antibiotic and antibiotic treatment groups regarding the rates of

Table 3  Outcome of conservative treatment of AUD with antibiotics
Study

Number Failure (%) Recurrence (%) Complications
(%)

Readmission (%) Mortality (%) Need for surgery
(%)

Hospital stay
(days)

Daniels et al.
(2017)
Brochmann et al.
(2016)
Ferrer et al.
(2016)
Isacson et al.
(2014)
Chabok et al.
(2012)
de Korte et al.
(2011)
Hjern et al. (2007)
Total

266

18 (6.7)

8 (3)

7 (2.6)

35 (13.1)

1 (0.37)

6 (2.2)

3

66

1 (1.5)

7 (10.6)

6 (9.1)

3 (4.5)

1 (1.5)

1 (1.5)

2.5

32

0

N/A

0

4 (12.5)

0

0

NA

17

1 (5.9)

4 (23.5)

1 (5.9)

1 (5.9)

0

1 (5.9)

5.4

314

3 (0.95)

46 (14.6)

3 (0.95)

46 (14.6)

0

5 (1.6)

2.9

81

5 (6.1)

12 (14.8)

5 (6.1)

12 (14.8)

1 (1.2)

11 (13.6)

7

118
894

3 (2.5)
31 (3.4)

32 (27.1)
109 (12.1)

3 (2.5)
25 (2.8)

33 (28)
134 (15)

0
3 (0.33)

17 (14.4)
41 (4.6)

5
–

AUD acute uncomplicated diverticulitis, NA not available
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treatment failure (OR = 1.5, 95% CI 0.96–2.37; p = 0.068,
I2 = 0), recurrence of diverticulitis (OR = 0.81, 95% CI
0.58–1.11; p = 0.2, I2 = 16.1), complications (OR = 0.56,
95% CI 0.21–1.5; p = 0.25, I 2 = 55.4), and mortality
(OR = 0.64, 95% CI 0.19–2.17, p = 0.47, I2 = 0) (Figs. 2, 3,
4).
Furthermore, no significant differences between the two
groups were noted in readmission rates (OR = 0.97, 95%
CI 0.59–1.59, p = 0.91, I2 = 64.6) and need for surgery
(OR = 0.59, 95% CI 0.23–1.5; p = 0.28, I2 = 63.5).

Subgroup meta‑analysis of the randomized
controlled trials
To avoid the risk of selection bias, a subgroup meta-analysis
of the two RCTs included [19, 25] was done and revealed no
significant differences between the non-antibiotic and antibiotic treatment groups regarding the rates of recurrence of
diverticulitis (OR = 1.06, 95% CI 0.71–1.58, p = 0.77, I2 = 0),
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complications (OR = 1.86, 95% CI 0.85–4.07, p = 0.12,
I2 = 0), readmission (OR = 1.5, 95% CI 0.72–3.18, p = 0.26,
I2 = 81.7), and mortality (OR = 2.3, 95% CI 0.32–16.59,
p = 0.4, I2 = 0). However, non-antibiotic treatment had significantly higher odds for treatment failure than antibiotic
treatment (OR = 1.9, 95% CI 1.07–3.37, p = 0.028, I2 = 2.38).

Predictors for failure of conservative treatment
without antibiotics
The potential effect of clinical confounders on failure of
non-antibiotic treatment of AUD was investigated using the
random-effect meta-regression model.
The only variable that was significantly associated with
treatment failure in the non-antibiotic treatment group was
associated comorbidities (standard error (SE) = − 0.07,
95% CI − 0.117 − 0.032; p < 0.001). Variables that were
not significantly associated with treatment failure were age
(SE= − 0.005, 95% CI − 0.014 to 0.004; p = 0.25), male

Fig. 2  Forest plot demonstrating failure rates of non-antibiotic and antibiotic treatment

Fig. 3  Forest plot demonstrating recurrence rates of non-antibiotic and antibiotic treatment
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Fig. 4  Forest plot demonstrating complication rates of non-antibiotic and antibiotic treatment

The one-tailed p value was 0.42 and the two-tailed p value
was 0.85 indicating no significant publication bias among
the studies included.

Discussion

Fig. 5  Funnel plot for assessment of publication bias among the studies

gender (SE = 0.0001, 95% CI − 0.001 to 0.01; p = 0.08),
previous diverticulitis (SE = − 0.01, 95% CI − 0.045 to
0.018; p = 0.4), elevated leucocytic count (SE = 0.01, 95%
CI − 0.007 to 0.026; p = 0.25), elevated C-reactive protein
(CRP) (SE= -0.001, 95% CI − 0.002 to 0.001; p = 0.52), and
elevated body temperature (SE = − 0.007, 95% CI − 0.065
to 0.051; p = 0.81).

Assessment of publications bias
No publication bias was detected on using the funnel plot
(Fig. 5) which was symmetrical with all studies located near
the straight vertical line of the plot. In addition, on performing the Begg and Mazumdar rank correlation test, the Kendall’s tau-b (corrected for ties) was 0.066, with a one-tailed p
value of 0.5 and a two-tailed p value of 1. Equally, the Egger’s regression test revealed an intercept (B0) of − 0.15 (95%
CI − 2.37 to 2.05), with t = 0.19 and 4 degrees of freedom.
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Acute colonic diverticulitis is a challenging surgical condition and there is little consensus among experts on the optimal treatment options [28]. Diverticulitis has been explained
to be an infectious process, therefore, antibiotics were proposed to have a curative role as well as to prevent complications. This explains why antibiotics have been considered an
integral component of the management of AUD according to
the majority of international guidelines [9, 10, 29].
On the other hand, more than three decades ago, some
investigators noticed the spontaneous recovery of some
patients with AUD who did not receive broad-spectrum
antibiotics which raised a question about the actual role of
antibiotics in treatment of AUD [30]. Moreover, other investigators suggested AUD to be a subtype of inflammatory
bowel disease, rather than an infectious process secondary
to microperforation of colonic diverticulae [8].
With the rise of antimicrobial resistance around the
world, there has been a call to stop the unnecessary use of
antibiotics. Since then, several studies have been undertaken
to examine the therapeutic role of antibiotics in various surgical conditions, including AUD. In contrast to the traditional dictum of using intravenous antibiotics, a randomized
trial demonstrated that oral antibiotics are not inferior to
intravenous antibiotics in achieving resolution of AUD [31].
Subsequently, multiple studies evaluated the conservative
treatment of AUD without using antibiotics, whether oral
or intravenous.
The present review included 9 studies that comprised
more than 2500 patients. Around two-thirds of the patients
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were treated conservatively without antibiotics and around
half of them were treated on an outpatient basis. The studies
which employed antibiotic treatment used different combinations of antibiotics for durations ranging from 1 to 2 weeks.
On analysis of the main outcomes of treatment including
failure, recurrence, readmission, need for surgery, and complications, both groups were comparable with no significant
differences in the parameters assessed.
The good clinical outcome of non-antibiotic treatment
of AUD, could be attributed to selection bias owing to the
retrospective nature and cohort design of most of the studies
included as Brochmann and colleagues [20] previously highlighted. Indeed, careful selection of patients in better clinical
condition to be treated without antibiotics could have led to
these satisfactory results. Nevertheless, the two randomized
trials [19, 25] included to this review, in which the probability of selection bias was eliminated, reported that antibiotics neither accelerate recovery nor prevent complications in
patients with AUD.
Failure of non-antibiotic treatment was observed in 5%
of patients versus 3% of patients who received antibiotics.
Around 45% of 85 patients who failed non-antibiotic treatment of AUD required administration of oral or intravenous
antibiotics, whereas 32% were readmitted within 1 month
after discharge because of persistent or recurrent symptoms
and 23% developed major complications that warranted
readmission and surgical intervention. The meta-regression
analysis we conducted in the present review revealed that
associated comorbidities were the only significant predictor
for failure of conservative, non-antibiotic treatment. This
finding is logical as patient characteristics, particularly
comorbidities, can have a substantial impact on the outcome of treatment since immunocompromised and diabetic
patients might be more at risk of treatment failure than other
patients.
Less than 2% of patients who did not receive antibiotic
treatment developed complications compared to 2.7% of
patients who received antibiotics. The majority of complications in the non-antibiotic group were managed successfully either by antibiotics, percutaneous drainage, or surgical
intervention. It is worth noting that adding broad-spectrum
antibiotics to the treatment regimen of AUD might well add
further morbidity including allergic reactions, abdominal
pain, and diarrhea, in addition to clostridium difficile infection. The development of such morbidity can be considered
another reason to avoid antibiotic prescription in AUD
unless highly indicated as Chabok et al. [25] implied.
In addition to avoiding development of antimicrobial
resistance and antibiotic-related adverse effects, non-antibiotic treatment of AUD can be more cost effective than the
regular antibiotic therapy. First, by definition, non-antibiotic
treatment eliminates the cost of intravenous and oral antibiotics. Second, conservative treatment without antibiotics
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is feasible on an outpatient basis which has been achieved
in around half of the patients in the present meta-analysis.
The DIVER trial [32] showed that outpatient treatment of
AUD could save 1123.7 euros for each patient treated on
an outpatient basis. Third, the present review demonstrated
that non-antibiotic treatment of AUD was associated with
lower rates of hospital readmission (12.2 vs 15%) and need
for surgery (2.4 vs 4.5%) than antibiotic treatment which can
further contribute to reducing the overall healthcare costs.
A recently published meta-analysis reached similar conclusions to the present review, Tandon et al. [33] found no
significant differences between the antibiotic and non-antibiotic treatment of AUD with regards complications, readmission, recurrence of AUD, hospital stay, and need for surgery.
However, the present analysis included treatment failure as
the primary outcome and no significant difference between
treatment groups was noted. Nonetheless, on subgroup analysis of the randomized trials alone non-antibiotic treatment
had significantly higher odds for treatment failure than antibiotic treatment. Furthermore, the meta-regression analysis
we performed helped to identify the significant predictors
for treatment failure which may help tailoring non-antibiotic treatment of AUD in the future to reduce the incidence
of treatment failure by excluding patients with associated
comorbidities from non-antibiotic treatment regimens.
In light of the documented efficacy and acceptable safety
profile of conservative treatment of AUD without antibiotics, some countries such as The Netherlands and Denmark
changed in their guidelines so that routine antibiotics are no
longer indicated in management of AUD except in specific
cases [23]. With growing evidence in favor of non-antibiotic
treatment of AUD, the current international guidelines that
recommend routine antibiotics as the mainstay of treatment
may need to be revised so that antibiotic treatment becomes
selectively, rather than routinely, used in certain patients in
line with the recommendation of the American Gastroenterological Association in their guidelines on the management of acute diverticulitis [11].
The present meta-analysis is limited by the small number and fair quality of the studies included. Only two RCTs
were included, which calls for more well-designed RCTs
to substantiate the findings of this review. Since patients
included to the studies were given different antibiotics via
different routes of administration (oral versus I.V.), this heterogeneity could affect the analysis of the outcome of these
patients. Furthermore, the short follow-up which did not
exceed 12 months, except in two studies, is also an important limitation as the recurrence rates of AUD represent only
the short-term outcome whereas long-term recurrence was
not investigated.
It is important to note that although we did not observe
any significant differences in most of the review outcomes
between the two groups, there is a borderline effect of
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antibiotics on treatment failure as revealed by the subgroup
analysis of RCTs alone. Based on this observation a modest
risk or benefit of antibiotics cannot be conclusively excluded
based on the available data.

Conclusions
Conservative treatment of AUD without antibiotics is feasible, safe, and effective. Meta-analysis of all studies included
revealed that the addition of broad-spectrum antibiotics to
the treatment regimen did not serve to decrease treatment
failure, recurrence, complications, hospital readmissions,
and need for surgery in a significant manner compared to
non-antibiotic treatment.
However, subgroup analysis of only randomized trials
revealed that conservative treatment without antibiotics had
significantly higher odds for failure than antibiotic treatment,
which calls for further randomized trials to reach firmer conclusions on the efficacy and safety of non-antibiotic treatment of AUD. Finally, according to meta-regression analysis
of predictors for treatment failure, antibiotics may need to
be used selectively in patients with associated comorbidities who are at risk of failing observational non-antibiotic
treatment.
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