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ABSTRACT

Background

Diverticulitis is a complication of the common condition, diverticulosis. Uncomplicated diverticulitis has traditionally been treated with
antibiotics, as diverticulitis has been regarded as an infectious disease. Risk factors for diverticulitis, however, may suggest that the
condition is inflammatory rather than infectious which makes the use of antibiotics questionable.

Objectives

The objectives of this systematic review were to determine if antibiotic treatment of uncomplicated acute diverticulitis affects the risk of
complications (immediate or late) or the need for emergency surgery.

Search methods

For this update, a comprehensive systematic literature search was conducted in Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, Embase, ClinicalTrials.gov and WHO International Clinical Trial Registry Platform on February 2021.

Selection criteria

Randomised controlled trials (RCTs), including all types of patients with a radiologically confirmed diagnosis of left-sided uncomplicated
acute diverticulitis. Comparator and interventions included antibiotics compared to no antibiotics, placebo, or to any other antibiotic
treatment (different regimens, routes of administration, dosage or duration of treatment). Primary outcome measures were complications
and emergency surgery. Secondary outcomes were recurrence, late complications, elective colonic resections, length of hospital stay,
length to recovery of symptoms, adverse events and mortality.

Data collection and analysis

Two authors performed the searches, identification and assessment of RCTs and data extraction. Disagreements were resolved by
discussion or involvement of the third author. Authors of trials were contacted to obtain additional data if needed or for preliminary results
of ongoingtrials. The Cochrane Collaboration's tool for assessing risk of bias was used to assess the methodological quality of the identified
trials. The overall quality of evidence for outcomes was evaluated using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach. Effect estimates were extracted as risk ratios (RRs) with 95% confidence intervals. Random-effects meta-
analyses were performed with the Mantel-Haenzel method.

Main results

The authors included five studies. Three studies compared no antibiotics to antibiotics; all three were original RCTs of which two also
published long-term follow-up information. For the outcome of short-term complications there may be little or no difference between
antibiotics and no antibiotics (RR 0.89; 95% CI 0.30 to 2.62; 3 studies, 1329 participants; low-certainty evidence). The rate of emergency
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surgery within 30 days may be lower with no antibiotics compared to antibiotics (RR 0.47; 95% Cl 0.13, 1.71; 1329 participants; 3 studies;
low-certainty evidence). However, there is considerable imprecision due to wide confidence intervals for this effect estimate causing
uncertainty which means that there may also be a benefit with antibiotics.

Oneof the two remaining trials compared single to double compound antibiotic therapy and, due to wide confidence intervals, the estimate
wasimprecise and indicated an uncertain clinical effect between these two antibiotic regimens (RR 0.70; 95% C1 0.11 to 4.58; 51 participants;
1 study; low-certainty evidence). The last trial compared short to long intravenous administration of antibiotics and did not report any
events for our primary outcomes. Both trials included few participants and one had overall high risk of bias.

Since the first publication of this systematic review, an increasing amount of evidence supporting the treatment of uncomplicated acute
diverticulitis without antibiotics has been published, but the total body of evidence is still limited.

Authors' conclusions

The evidence on antibiotic treatment for uncomplicated acute diverticulitis suggests that the effect of antibiotics is uncertain for
complications, emergency surgery, recurrence, elective colonic resections, and long-term complications. The quality of the evidence is
low. Only three RCTs on the need for antibiotics are currently available. More trials are needed to obtain more precise effect estimates.

PLAIN LANGUAGE SUMMARY

Antibiotics for uncomplicated diverticulitis

Diverticulitis is a condition with inflammation of the so-called diverticulae. A diverticulae is a weakness in the bowel wall. Diverticulae
are common in the population, especially in the elderly above the age of 60 years, and are often asymptomatic. Diverticulitis may
present as abdominal pain and tenderness accompanied by signs of infection, such as fever. In most cases, diverticulitis resolves without
complications, however, some patients develop complications and may need emergency surgery.

Uncomplicated acute diverticulitis is the focus of this review. It has traditionally been regarded as an infection with bacterial overgrowth in
the large intestine and has been treated with antibiotics. Recently, it has been argued that diverticulitis is more likely to be an inflammatory
rather than an infectious condition, making the use of antibiotics questionable. Consequently, a shift towards the use of therapeutic
regimens without antibiotics has been seen. This present review investigates whether there is any existing clinical evidence supporting
the use of antibiotics for uncomplicated diverticulitis.

Five clinical trials in hospitalised patients were assessed. One trial investigated two different antibiotic treatments and a second study
investigated the duration of intravenous antibiotic treatment. Three trials investigated the actual need for antibiotics when compared to
no antibiotics of which two trials had published long-term follow-up results as separate records. None of the studies found a statistical
difference in the tested antibiotic regimens. Comparing no antibiotic versus antibiotic treatment did not demonstrate any differences in
the occurrence of complications like abscesses and perforations of the large intestine, or in the need for emergency surgery.

Antibiotics can cause serious adverse effects, including life-threatening allergic reactions or super-infections of the intestine. Growing
antibiotic resistance is anincreasing problem rendering some infections impossible to treat with possible fatal outcomes. Therefore, strong
arguments in favour of limiting the current use of antibiotics exist. Only three randomised controlled trials on the need of antibiotics are
currently available and more are needed in order to obtain strong and reliable evidence. However, the newest evidence shows that the use
of antibiotics for the treatment of uncomplicated acute diverticulitis is not superior to treatments that do not include antibiotics.

Antibiotics for uncomplicated diverticulitis (Review) 2
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SUMMARY OF FINDINGS

Summary of findings 1. Comparison of observational management with antibiotics for acute uncomplicated diverticulitis

Observational management compared with antibiotic treatment for acute uncomplicated diverticulitis

Patient or population: Patients with acute uncomplicated diverticulitis

Settings: Hospital admitted patients

Intervention: Observational management

Comparison: Antibiotic treatment

Outcomes Illustrative comparative risks* Relative effect  No of partici- Quality of the Comments

(95% Cl) (95% ClI) pants evidence

(studies) (GRADE)
Assumed riskb  Corresponding
risk

Antibiotic Observational
Primary - Short-term complications 15 per 1000 13 per 1000 RR0.89 (0.30to 1329 BOOO Downgraded to low due to im-
(abscess, perforation, obstruction or (5t0 39) 2.62) (3) Low precision and risk of biasc.d
fistula) within 30 days
Primary - Short-term emergency 11 per 1000 5 per 1000 RR0.47 (0.13to 1329 ®POO Downgraded to low due to im-
surgery within 30 days (1to 19) 1.71) (3) Low precision and risk of bias¢.d
Secondary - Recurrence during fol- 238 per 1000 240 per 1000 RR1.01(0.81to 1024 DODO Downgraded to moderate due
low-up beyond 30 days@ (193 to 298) 1.25) () Moderate to risk of biasd
Secondary -Long-term complications 42 per 1000 45 per 1000 RR1.08 (0.61to 1024 BOOO Downgraded to low due to im-
during follow-up beyond 30 days@ (26 to 81) 1.93) (2) Low precision and risk of bias¢.d
Secondary - Long-term emergency 15 per 1000 21 per 1000 RR1.42(0.58to0 1024 BOOO Downgraded to low due to im-
surgery during follow-up beyond 30 (9to 52) 3.49) (2) Low precision and risk of biasc.d
days?
Secondary -All-cause mortality 48 per 1000 47 per 1000 RR 0.98 (0.60 1262 DODO Downgraded to moderate due

(29 to 76) to 1.59) (3) Moderate to risk of biasd
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Secondary - Adverse events 9 per 1000 1 per 1000 RR 0.14 (0.02 to

1.13)
(0to 10)

1329

(3)

DODO
Moderate

Downgraded to moderate due

to risk of biasd

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is

based on the assumed risk in the comparison group and the relative effect of the intervention (an
Cl: Confidence interval; RR: Risk Ratio;

d its 95% Cl).

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

a Range from 24 months (Van Dijk 2018) to 173 months (Isacson 2019)

bThe assumed risk = total events/total included in the observational group multiplied 100 (9/665*100 = 1.4)

Quality of evidence was downgraded for concerns in each GRADE domain.
CImprecision due to the relatively few events

dRisk of bias due to the lack of blinding and high risk of attrition in the follow up study, Van Djik 2018

Summary of findings 2. Comparison of different antibiotic agents

Comparison of different antibiotic agents

Patient or population: Patients with acute uncomplicated diverticulitis
Settings: Hospital admitted patients
Intervention: Antibiotic treatment: gentamicin-clindamycin

Comparison: Antibiotic treatment: cefoxitin

Outcomes Illustrative comparative risks*
(95% Cl)
Assumed risk Corresponding
risk
Cefoxitin Gentam-
icin-clin-
damycin

Relative effect
(95% ClI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments
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Primary - Short-term complications (abscess, perfora-
tion, obstruction or fistula) within 30 days

No data

Primary - Short-term emergency surgery within 30 days 66 per 100049 46 per 1000 RRO0.70(0.11to 51 BDOO Downgraded to
(7 to 302) 4.58) (1) Low low due to risk
of biasb and
imprecision¢

Primary - Short-term emergency surgery within 30 days No data
Secondary - Recurrence during follow-up beyond 30 No data
days
Secondary -Long-term complications during follow-up No data
beyond 30 days
Secondary - Long-term emergency surgery during fol- No data
low-up beyond 30 days
Secondary -All-cause mortality No data
Secondary - No data
Adverse events

dThe assumed risk = total events/total included in the cefoxitin group multiplied 100 (2/30*1000 = 66)

boverall high risk of bias due to high attrition, no blinding and no explanation of the randomisation process

CRisk of imprecision due to wide confidence intervals

Summary of findings 3. Comparison of antibiotics for routes of administration and duration of therapy
Comparison of routes of administration and duration of therapy
Patient or population: Patients with acute uncomplicated diverticulitis
Settings: Hospital admitted patients
Intervention: Antibiotic treatment: IV AB administration
Comparison: Antibiotic treatment: oral AB administration
Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments

(95% Cl) (95% ClI) pants evidence
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Corresponding
risk
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Oral AB admin- IV AB adminis-
istration tration
Primary - Short-term complications (abscess, perfora- No data
tion, obstruction or fistula) within 30 days
Primary - Short-term emergency surgery within 30 days No data
Secondary - Recurrence during follow-up beyond 30 No data
days
Secondary -Long-term complications during follow-up 46 per 10009 46 per 1000 RR 1.0 (0.07 to Downgraded to
beyond 30 days (3t0 69) low due to risk

of biasb and im-

“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay L zzoz @ y3uAdod

precision¢
Secondary - Long-term emergency surgery during fol- No data
low-up beyond 30 days
Secondary -All cause mortality No data
Secondary - No data

Adverse events

GRADE Working Group grades of evidence
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High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

aThe assumed risk = total events/total included in the oral AB group multiplied 1000 (1/22*1000 = 46).
boverall high risk of bias due to no blinding
CHigh risk of imprecision due to few participant and no events means the quality of evidence is low
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BACKGROUND

Description of the condition

Acute diverticulitis is a complication of colonic diverticulosis. The
prevalence of diverticulosis increases with age and ranges from
35% in those aged under 50, to 40% for those between 51-60,
and 58% in the over 60 years (Peery 2016). Most people remain
asymptomatic, but 4 per cent develop acute diverticulitis based on
colonoscopy and computed tomography (CT) (Shahedi 2013).

Acute diverticulitis is a common cause of hospitalisation, and is
among the ten most frequent diagnoses in patients presenting with
acute abdominal pain (Viniol 2014), and the fifth most common
reason for outpatient visits among lower gastrointestinal diseases
in the United States (Everhart 2009). Outpatient visits often result
in prescriptions for antibiotics (AB) and pain relievers. Acute
diverticulitis, therefore, represents a heavy economic burden on
healthcare providers (Everhart 2009).

Uncomplicated acute diverticulitis is characterised by the presence
of localised inflammation with or without small abscess formation
confined to the large bowel wall (Stollman 2004). Complicated
diverticulitis, on the other hand, includes pericolonic abscess,
peritonitis, obstruction or fistula. Complications are relatively
uncommon and a progression to complicated diverticulitis
develops in approximately 12% of cases with uncomplicated acute
diverticulitis (Bharucha 2015). Recurrent acute diverticulitis is
frequent (22%) but is mostly uncomplicated (Bharucha 2015).
Risk of readmission is higher within the first year following
remission and risk of recurrence is more than doubled after two
earlier episodes (Hupfeld 2017). Previously, acute diverticulitis was
believed to be a progressive disease, but newer studies have shown
that complications occur more often at the first episode than at
recurrence (Humes 2012).

Diverticulae are herniations of the mucosal layer through the
muscular layer (Slack 1962; Stollman 2004). The aetiology is
incompletely understood and may include complex interactions
between genetic factors, microbiota, and diet, including the
long-time consumption of low-residue diet (Humes 2014, Violi
2018). Acute diverticulitis is probably caused by faecal obstruction
- a longstanding but unproven theory (Berman 1968, Morson
1975, Wolf 1957). Subsequent abrasion of the mucosa results
in inflammation, bacterial overgrowth of colonic flora, localised
ischaemia and perforation (Jacobs 2007).

Acute diverticulitis has been associated with chronicinflammation,
due to the overlap in risk factors with other diseases believed to be
caused by chronic inflammation i.e. obesity (Strate 2009), physical
inactivity (Strate 2019) and Western diet with high consumption
of red meat, refined grains and fat (Cao 2018; Strate 2017). These
risk factors all cause elevation of inflammatory biomarkers (Strate
2019). Other risk factors include smoking (Aune 2017) and regular
use of aspirin or nonsteroidal anti-inflammatory drugs (NSAIDs)
(Strate 2011). The latter may result from mucosal damage with
impaired barrier function of the colonic mucosa, allowing the
translocation of bacteria that provoke inflammation (Humes 2014).

In non-Asian societies, acute diverticulitis mostly affects the left
side of the large bowel involving the distal descending and sigmoid
colon (Kang 2004; Peery 2016). In contrast, 70% of diverticulae
in Asia are located within the right side of the caecum and

ascending colon (Miura 2000; Nakaji 2002). It is likely that right-
sided diverticulitis has a different pathophysiology than left-sided
diverticulitis (Ryan 1983; Stollman 2004).

The typical clinical presentation of acute diverticulitis is left-sided
abdominal pain accompanied by localised tenderness increasing
to abdominal guarding, usually in combination with fever and
leucocytosis (Roberts 1995). CT is the recommended diagnostic
modality but, alternatively, ultrasound can also be used at centres
with the proper expertise (Francis 2019). Colono- or sigmoidoscopy
are recommended when inflammation has subsided to confirm
diagnosis, to rule out malignancy, and to identify possible late
complications to acute diverticulitis (Stollman 2015; Szojda 2007).
Itis currently being discussed whether routine colonoscopy can be
omitted in patients with uncomplicated diverticulitis if CT imaging
is convincing and without suspicion of alternative diagnoses
(Rottier 2019). The severity of acute diverticulitis is primarily graded
after the modified Hinchey’s criteria, that categorise the depth
of colonic inflammation, abscess location and perforation (Sher
1997) and according to Ambrosetti’s criteria based on CT findings
(Ambrosetti 2016).

Description of the intervention

Uncomplicated acute diverticulitis has routinely been treated
with antibiotics (Friend 2011, Moreno 2007), even though the
evidence is sparse and of low quality (De Korte 2011). Non-
randomised observational studies have found that non-antibiotic
management for uncomplicated acute diverticulitis appears to
be safe and does not increase the likelihood of adverse effects
(Brochmann 2016; Hjern 2007; Isacson 2014). It has also been
argued that acute diverticulitis may be an inflammatory rather
than an infectious condition, questioning the use of routine
antibiotics (Rezapour 2018). Recently, a shift in therapeutic
regimens towards no use of antibiotics has been seen in clinical
guidelines. The American Gastroenterological Association (AGA)
suggests selective rather than routine use of antibiotics, taking the
severity of disease, presence of immunosuppression, pregnancy
and significant comorbidity into consideration (Stollman 2015). An
increasing number of European surgical and gastroenterological
associations no longer recommend antibiotics for uncomplicated
acute diverticulitis, and advocate for selective use if risk factors
are present (Andersen 2012; Kruis 2014). The Italian Society of
Colon and Rectal Surgery recommends avoiding antibiotics for
uncomplicated acute diverticulitis because it may not improve
short- or long-term outcomes and, therefore, suggests a case-
by-case assessment (Binda 2015). However, at the European
Association for Endoscopic Surgery (EAES) and Society of
American Gastrointestinal and Endoscopic Surgeons (SAGES)
consensus conference in 2018, there was no consensus reached
on the recommendation on a non-antibiotic therapy strategy
in immunocompetent individuals presenting with uncomplicated
acute diverticulitis (Francis 2019).

Antibiotic treatment has several drawbacks including cost and
risk of adverse events such as allergic drug reactions or
clostridium difficile superinfection, which may eventually cause
toxic megacolon with high risk of mortality (Goldstein 2011).
Furthermore, antimicrobial resistance has become a global
threat jeopardising the future clinical effectiveness of antibiotics,
including treatment of aerobe and anaerobic microbes associated
with diverticulitis (Chabok 2010, Sartelli 2010). Global occurrence of
antibiotic resistance has escalated due to the overuse of antibiotic
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treatments (Dellit 2007; WHO 2019). Thus, the medical incentive for
limiting antibiotic use is ever increasing.

How the intervention might work

If antibiotics are effective, they are believed to prevent the
development of complications, lower the need for surgery, shorten
the duration and severity of symptoms, and possibly also lower the
rate of recurrences of acute diverticulitis.

Why it is important to do this review

To clarify the evidence of the use of antibiotics in the treatment of
uncomplicated acute diverticulitis. This review is an update of the
previously published Cochrane systematic review (Shabanzadeh
2012).

OBJECTIVES

The objectives of this systematic review were to determine if
treatment of uncomplicated acute diverticulitis with antibiotics has
animpact onthe development of complications (immediate or late)
or on need of emergency surgery. Interventions accepted were all
available antibiotic compounds, doses and ways of administration.
For the above outcomes, we assessed whether the choice of
antibiotic compounds, route of administration, dosage or duration
of treatment had an effect.

METHODS

Criteria for considering studies for this review
Types of studies

Only RCTs were included. All proposed details on study design,
participants, interventions, comparators, primary outcome, search
strategies and data analysis were predefined in a published study
protocol (Shabanzadeh 2011).

Types of participants

Inclusion criteria were left-sided uncomplicated acute diverticulitis
confirmed by radiological modalities. Acute diverticulitis was
considered complicated if there was sign of pelvic or other distant
abscess, fistula, stricture, peritonitis and sepsis. No restrictions
regarding the inclusion of participants were defined. Therefore,
both initial and recurring cases, as well as all ages, genders, races
and comorbidity were included.

Types of interventions

Interventions included:

1. Antibiotics compared to placebo or non-antibiotic treatments.
2. Different antibiotic regimens compared to each other.

3. Comparison of different routes of administration, dosage, and
duration of treatment. Duration was divided into short (less than
seven days) versus long (seven days or more).

Types of outcome measures

This systematic review and meta-analysis included both primary
and secondary outcomes. No study was excluded solely because no
outcomes of interest were reported.

Primary outcomes

Primary outcomes were failure of antibiotics treatment with:

1. Progression from uncomplicated to complicated acute
diverticulitis defined as: abscess, fistula, stricture, peritonitis or
sepsis;

or

2. Emergency surgery related to acute diverticulitis.

Primary outcomes had to occur within 30 days of randomisation.

Secondary outcomes

Secondary outcomes were included where available:

1. Recurrences during follow-up beyond 30 days;

2. Late complications (same as primary outcomes) during follow-
up beyond 30 days;

3. Emergency surgery during follow-up beyond 30 days;

4. Elective colonic resection;

5. Mortality;

6. Length of hospital stay (days);

7. Length to recovery of symptoms (days);

8. All adverse events caused by treatments, including allergic
reactions.

Search methods for identification of studies
Electronic searches

A comprehensive literature search (Identical to the search made
in 2012, an integrated approach) was conducted to identify all
published and unpublished randomised controlled trials with no
language restrictions. Search strings for searches in MEDLINE,
Embase and CENTRAL were designed in cooperation with an
information specialist at the Cochrane Colorectal Cancer Group.
Additional ongoing trials were searched using online registers.
Searches were limited to only human trials. For full search strategy
see Appendix 1. The following databases were searched:

« Cochrane Central Register of Controlled Trials (CENTRAL; The
Cochrane Library, issue 2) (February 2021) (Appendix 1);

+ Ovid MEDLINE (Epub Ahead of print, In-Process & Other Non-
Indexed Citations, Daily and 1946 to present) (February 2021)
(Appendix 2);

« Ovid Embase (1974 to February 2021) (Appendix 3);

« ClinicalTrials.gov (February 2021);

« WHO International Clinical Trial Registry Platform (February
2021).

Searching other resources

Reference lists from relevant randomised controlled trials and
reviews identified during the search were screened for additional
trials.

Data collection and analysis
Selection of studies

All titles and abstracts obtained by the electronic searches were
screened foridentification of relevant randomised controlled trials.
The full text of articles was obtained if trial eligibility could not be
assessed by title or abstract, in absence of an abstract, or when
eligible randomised controlled trials were identified. Identification
and assessment were done by both primary and senior authors
(MLD and DMS). Uncertainty about the adequacy of trials or
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disagreements were resolved by discussion or by involvement of
the third author (SJR) until consensus was reached.

Data extraction and management

Data extraction was performed on a preformatted data extraction
form by the primary author (MLD) and reviewed by the senior
author (DMS). Data were extracted according to the intention-to-
treat principle where possible.

Assessment of risk of bias in included studies

The methods described in the Cochrane Handbook for Systematic
Reviews of Interventions, version 5.1 (Higgins 2021) were used. The
Cochrane Collaboration's tool for assessing risk of bias was used to
assess the methodological quality of the identified trials. This tool
focuses on sequence generation, allocation concealment, blinding
(participants, personnel and outcome assessors), incomplete
outcome data and selective outcome reporting. Studies were
ranked for risk of bias as low, high or not clear.

Measures of treatment effect

The predefined outcomes were expressed in a 2 x 2 table
with treatment effect calculated as risk ratio (RR) and random-
effects meta-analysis was performed though the Mantel-Haenzel
method, where possible. The primary outcomes of this review
were progression to complicated acute diverticulitis or need for
emergency surgery and, therefore, a RR below 1 was interpreted in
favour of the intervention and above 1 in favour of the comparator.
Uncertainty was expressed as a 95% confidence interval (Cl). Some
secondary outcomes were continuous and extracted as means with
standard deviations.

Unit of analysis issues

In this review, we included trials where participants were
randomised to either no antibiotic or antibiotic. We did not identify
any cluster- or cross-over trials. No trials with more than two arms
were identified. Therefore, no unit of analysis issues were present
in the included studies, and the unit of analysis was the individual
participant.

Dealing with missing data

Authors of included randomised controlled trials were contacted
by email to obtain missing or supplementary data. Attrition was
described in each included study. We only used the available
data and no presumptions were made. An attempt to retrieve
preliminary results of ongoing trials was done by contact to
authors.

Assessment of heterogeneity

The identified randomised controlled trials were assessed
for clinical heterogeneity by evaluating the interventions and
outcomes. Statistical heterogeneity in meta-analysis was expressed
as 12 and thresholds were interpreted according to the
Cochrane Handbook for Systematic Reviews for Interventions
version 6 (Higgins 2021) (0-40%: no importance, 30-60%
moderate heterogeneity, 50-90% substantial heterogeneity,
75-100% considerable heterogeneity).

Assessment of reporting biases

If more than ten studies would have been identified, publication
bias would have been assessed by inspection of funnel plots as
recommended in Cochrane (Higgins 2021)

Data synthesis

If enough homogenous randomised controlled trials were
identified (> 1), meta-analysis was preferable. The meta-analysis
presented a comparison between pairs of interventions (an
experimental; non-antibiotic management and a comparator;
antibiotic) for acute uncomplicated diverticulitis. The template
of RevMan 5.4.1 was used as reporting guidelines and for
production of this review. In case of an insufficient number of
studies for meta-analysis, a qualitative review of identified studies
would have been performed with reporting of outcome estimates
from single studies.

Subgroup analysis and investigation of heterogeneity

In the presence of substantial or considerable statistical
heterogeneity, subgroup analyses of first attack of
uncomplicated acute diverticulitis versus recurrence were planned,
because patient characteristics for first attack uncomplicated
diverticulitis and recurrence diverticulitis may be different and
thereby introduce a possible selection bias.

Sensitivity analysis

If specific studies had a high risk of bias, sensitivity analyses
excluding these studies were planned.

Summary of findings and assessment of the certainty of the
evidence

The overall certainty of evidence for primary outcomes (short-term
complications and short-term emergency surgery) and secondary
outcomes (long-term complications, long-term emergency surgery,
recurrences, elective colonic resection, mortality, adverse events)
are evaluated using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach Schiinemann
2009, see Summary of findings 1.

The evidence could be downgraded from high certainty by one
level (serious concern) or two levels (very serious concern) for the
following reasons: risk of bias, indirectness, inconsistency in study
results, imprecise evidence, or publication bias.

RESULTS

Description of studies

See Included studies and Excluded studies.

Results of the search

The search strategy identified 624 records from the online
databases. A search for ongoing trials identified five randomised
controlled trials, which were already included in the initial search
results. Screening the reference lists of reviews and identified trials
did not provide additional trials. Eighteen records were eligible for
full-text assessment. No records were excluded due to language
restrictions. For record selection, see flow diagram Figure 1.
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Figure 1. Records identified through databases, distributed as follows: MEDLINE 147, Embase 315, Central 162
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Figure 1. (Continued)
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Included studies

Of the 18 eligible records, three were new ongoing records
(corresponding to two studies), (Kruis 2019; Al Mansouri 2019) of
which one had a published conference abstract (Al Mansouri 2019)).
No additional data were obtained from the authors of these trials
through email correspondence. Six further records were excluded,
as they did not fulfil inclusion criteria (see Excluded studies).
Initially, four randomised controlled trials had been included in the
analysis (Chabok 2012; Daniels 2017; Kellum 1992; Ribas 2010) of

which two groups (Chabok 2012; Daniels 2017) had also published
long-term follow-up data (Isacson 2019; Van Dijk 2018). During
the systematic review update process, two of the pre-update
ongoing trials were published, one was included (Jaung 2020)
and one was assessed as awaiting classification (Mora-Lopez 2021)
(two records). Comparable data for pooling in meta-analysis were
available for only three trials (Chabok 2012; Daniels 2017; Jaung
2020) and the follow-up studies (Isacson 2019; Van Dijk 2018). For
detailed descriptions of the included studies, see Included studies.
The risk of bias is reported in Figure 2.
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Figure 2. Risk of bias summary

Chabok 2012
Daniels 2017
Jaung 2020
Kellum 1992
Ribas 2010

No antibiotic versus antibiotic

Three trials (Chabok 2012; Daniels 2017; Jaung 2020) investigated
the effects of antibiotic therapy in patients with CT-diagnosed
uncomplicated acute diverticulitis. The sample size ranged
from 180 (Jaung 2020) to 669 (Chabok 2012) and all three
were multicentre trials. Chabok 2012 and Jaung 2020 included
all cases of uncomplicated acute diverticulitis, whereas Daniels
2017 only included cases with a first episode of uncomplicated
acute diverticulitis. Chabok 2012 only included patients with a

@~ |®® @ rRandom sequence generation (selection bias)

® O ® O ®| incomplete outcome data (attrition bias): All outcomes

® O ® ® @ Blinding (performance bias and detection bias): All outcomes
@~ (@@ @ Selective reporting (reporting bias)

@~ |@® @ @| Allocation concealment (selection bias)

body temperature above 38°C and elevated white blood cell
count and Jaung 2020 excluded patients with > 1 criteria for
systematic inflammatory response including a body temperature
above 38°C. There were no differences in baseline characteristics
between the groups in any of the trials. Chabok 2012 and Daniels
2017 consisted of a non-antibiotic intervention group versus
an antibiotic-treated control group, whereas Jaung 2020 had
an antibiotic intervention group and a placebo (non-antibiotic)
group. In all trials, the participants were treated with routine broad-
spectrum antibiotic covering gram negative and anaerobic
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bacteria. Chabok 2012 and Daniels 2017 initially treated with
intravenous antibiotics and changed to per oral administration
at discharge, whereas Jaung 2020 prescribed intravenous or per
oral administration depending on clinical preference. Two trials
were not blinded (Chabok 2012; Daniels 2017); therefore, we
assessed the studies as having high risk of performance and
detection bias and one trial was triple-blinded (Jaung 2020) and
therefore had low risk of performance and detection bias. All trials
conducted intention-to-treat analysis. In two of the trials (Chabok
2012; Daniels 2017), it was mentioned, that the funders had no
involvement in trial design, conduct or reporting. Jaung 2020 was
funded by the project grant from the Colorectal Surgical Society of
Australia and New Zealand but it was not specified how the funders
were involved in the project; details are found in Included studies.
Two of the trials had published follow-up records; Isacson 2019 had
ten-year follow-up to Chabok 2012, and Van Dijk 2018 had two-year
follow-up to Daniels 2017 details are found in Included studies.

Comparison of different antibiotic agents

Kellum 1992 compared single-compound antibiotic therapy
cefoxitin to combination therapy gentamicin-clindamycin in 77
patients diagnosed with uncomplicated acute diverticulitis.

Comparison of routes of administration and duration of therapy

Ribas 2010 compared intravenous antibiotic treatment, 24 to
48 hours versus seven days, in 50 patients with CT-verified

Figure 3.

uncomplicated acute diverticulitis. Both groups were treated with
antibiotics for 12 days in total.

Excluded studies

583 records were excluded because they were duplicate
publications, not randomised controlled trials, the participants
included did not have a CT-verified diagnosis of uncomplicated
acute diverticulitis or antibiotics were not assessed.
Additionally, Kim 2019 was excluded because the trial investigated
right-sided diverticulitis. Schug-Pass 2010 was excluded because
the study design introduced significant selection of participants
based on antibiotic treatment response before randomisation
and could therefore not be considered a randomised controlled
trial for this specific systematic review, although it was labelled
as such. All included participants were treated with the same
intravenous treatment the first four days. Randomisation was
performed on day four, only if treatment had been successful. In
17 participants, the treatment had not been successful after four
days, and therefore the participants where excluded from being
randomised, including participants with persisting symptoms and
complicated diverticulitis. This design excludes patients of interest
for this review before randomisation (Excluded studies).

Risk of bias in included studies

Risk of bias for all studies can be seen in section Risk of bias in
included studies with a summary in Figure 2 and Figure 3.

Random sequence generation (selection bias) [ ]

Allocation concealment (selection bias) [N |

Blinding (performance bias and detection bias): All outcomes [N
Incomplete outcome data (attrition bias): All outcomes [
Selective reporting (reporting bias) [N ]
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[] Unclear risk of bias

[l High risk of bias |

Allocation

Kellum 1992 lacked descriptions of the randomisation process
and allocation, thereby introducing a high risk for selection bias.
The four other trials and their follow-up supplied an adequate
description on the allocation methods and concealment. For more
details about the allocation; see Included studies.

Blinding

Jaung 2020 was the only trial without risk of performance
or detection bias due to blinding of participants, healthcare
providers and outcomes assessors. The other included randomised
controlled trials had no blinding of participants, healthcare
providers or outcome assessors, which downgraded the quality of
evidence; see Summary of findings 1.

Incomplete outcome data

Attrition and exclusion of participants after randomisation was
adequately reported in four trials and the two follow-up
publications (Chabok2012; Daniels 2017; Isacson 2019; Jaung 2020;
Ribas 2010; Van Dijk 2018). Isacson 2019 only included the Swedish
patients from Chabok 2012 trial because the ethics committee
approval for the Icelandic patients could not be obtained; all
participants were identified and 67 participants were lost to follow-
up (no-AB: 34 vs. AB: 33). Daniels 2017 randomised 570 participants
and excluded 42 participants with adequate reasons (no-AB: 262
vs. AB: 266). The follow-up data, Van Dijk 2018, were based on 468
participants, because 60 participants were lost to follow-up (no-AB:
35 vs. AB: 25). The follow-up analysis, Van Dijk 2018, only included
participants that completed the entire 24 months of follow-up,
and therefore attrition bias might have been introduced. Re-
analyses were done to assess the risk of attrition bias by exploring
differences in baseline characteristics and clinical disease course.
Baseline characteristics were comparable among the complete
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case analysis population and lost to follow-up population. Second,
only minimal changes in rates of complications at six months in
favour of the antibiotic group were observed when the current
complete case study population was compared to the original
intention-to-treat population. Third, the time to recovery in
observational participants 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 participants 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 participants in the observational group tended to drop out
of follow-up sooner than participants in the antibiotic group
when recovery of the initial diverticulitis episode was prolonged
which, therefore, introduced risk of attrition bias; for more
details see Characteristics of included studies. Kellum 1992 had
inadequate reporting on attrition. Attrition during the six weeks
of follow-up was not addressed and, therefore, Kellum 1992 was
deemed as having high risk for attrition bias.

Selective reporting

All included trials described the existence of a protocol. Chabok
2012, Daniels 2017 and Jaung 2020 had predefined primary and
secondary outcomes and these were available throughout the
whole trial period online. Ribas 2010 reported in a correspondence
that the outcomes were the same in the protocol as described in
the article. Kellum 1992 did not describe outcomes as predefined,
creating an unknown risk for reporting bias. Kellum 1992 also
excluded 34% of the randomised participants from the analysis,
and some without reported reasons (Characteristics of included
studies).

Other potential sources of bias

Chabok 2012; Daniels 2017 and Jaung 2020 reported sample size
calculations (Characteristics of included studies). The primary
outcomein Daniels 2017 was time to recovery and, in Jaung 2020, it
was length of hospital admission. Thus, none of the included trials
performed sample size calculations based on the primary outcome
of this present study. The other included trials (Kellum 1992; Ribas
2010) did not report sample size calculations. Single-study analyses
in this present systematic review may, therefore, have been unable
to show clinically relevant significant differences in outcomes.

Effects of interventions

See: Summary of findings 1 Comparison of observational
management with antibiotics for acute uncomplicated
diverticulitis ; Summary of findings 2 Comparison of different
antibiotic agents; Summary of findings 3 Comparison of
antibiotics for routes of administration and duration of therapy

No antibiotics versus antibiotics
Primary outcome

When pooled in meta-analysis, a total of 1329 participants were
included: 665 under no-antibiotic management and 664 who
received antibiotic treatment. Risk of complications within 30 days
was equal in the groups (1.4% vs. 1.4%) and there may be little or
no difference between the no-antibiotic and antibiotic groups and
no important heterogeneity (RR 0.89; 95% CI [0.30 to 2.62]; 12 = 19%;
3 studies, 1329 participants; low-certainty evidence, Analysis 1.1).

Emergency surgery within 30 days occurred less frequently in the
no-antibiotic group (0.5% vs. 1.0%). Estimates may indicate that
there is a possible effect of no-antibiotic management, however,
there is considerable imprecision due to wide confidence intervals.
The evidence is uncertain which means that there may also be
a benefit with antibiotics. The evidence is without important
heterogeneity (RR0.47;95% CI[0.13 to 1.71]; 12=0%; 3 studies; 1329
participants, low-certainty evidence; Analysis 1.2).

The qualities of the evidence for primary outcomes were of low
quality because of the lack of blinding, leading to possible risk
of detection bias and the relatively wide confidence intervals
indicating imprecision.

Trial sequential analyses were performed for the primary outcome
in order to assess total sample size needed or for identification
of possible evidence of early futility. However, according to the
parameters we had chosen (alpha 5%, beta 20%, relative risk
reduction 20%), we knew too little (2%) based on the diversity-
adjusted required information size to perform analyses.

Secondary outcomes

The meta-analyses of secondary outcomes were based on two long-
term follow-up studies (Isacson 2019; Van Dijk 2018). A total of
1024 participants were included: 502 in the no-antibiotic group
and 522 in the antibiotic group. Risk of recurrence beyond 30
days likely results in little to no difference between the groups
and with no important heterogeneity (RR 1.01; 95% ClI [0.81 to
1.25]; 12 = 0 %; 2 studies; 1024 participants, moderate-certainty
evidence; Analysis 1.3). The evidence suggests that no-antibiotic
management compared to antibiotic management results in little
to no difference in late complications beyond 30 days and no
important heterogeneity (RR 1.08; 95% Cl [0.61 to 1.93]; 12= 0%; 2
studies; 1024 participants, low-certainty evidence; Analysis 1.4).
There were more cases of emergency surgery beyond 30 days in
the no-antibiotic group (2.2 vs. 1.5 %), but the evidence suggests
that no-antibiotic management results in little to no difference in
emergency surgery and no important heterogeneity (RR 1.42; 95%
CI[0.58 to 3.49]; 12 =0 %); 2 studies; 1024 participants, low-certainty
evidence; Analysis 1.5). Elective colonic resections were performed
equally in the groups and no-antibiotic management may have
little to no effect on elective colonic resection rate but the evidence
is very uncertain among other because of substantial heterogeneity
(RR 1.1;95% CI [0.41 to 2.97]; 12= 68%; 2 studies; 1024 participants,
very low-certainty evidence; Analysis 1.6). All-cause mortality was
based on the two long-term follow-up studies and Jaung 2020, with
1262 participants in total, 631 in each group. All-cause mortality
was the same in both groups; no-antibiotic management likely
results in little to no difference in all-cause mortality with no
important heterogeneity (RR 0.98; 95% ClI [0.60 to 1.59]; 12= 0 %; 3
studies; 1262 participants moderate-certainty evidence; Analysis
1.7). Chabok 2012 reported that three participants allocated to
the antibiotic group terminated their antibiotic treatment because
of allergic side effects. The same was applicable in Daniels 2017,
where three participants in the antibiotic group were discontinued
antibiotics because of side effects or allergic reactions, including
an anaphylactic reaction in one participant. No allergic reactions
were reported in participants allocated to the non-antibiotic group
inthe other studies. Jaung 2020 did not report any allergic reactions
in either of the groups. No-antibiotic management likely results
in a large reduction in adverse events (RR 0.14; 95% Cl [0.02
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to 1.13]; 12= 0%; 3 studies; 1329 participants, moderate-certainty
evidence, Analysis 1.8). For all results, see Table 1 and Summary of
findings 1.

Hospital stay was measured by both means and medians and could,
therefore, not be pooled in a meta-analysis. Chabok 2012 found no
difference in mean hospital stay (2.9 vs. 2.9 days,P=0.71) and Jaung
2020 found no difference in median hospital stay (46 vs. 40 hours,
P =0.15). Daniels 2017 showed a significant difference in median
hospital stay, favouring no antibiotics but it was also concluded
that the longer hospital stay was due to antibiotic treatment
allocation. Length to recovery was only assessed in Daniels 2017,
with no significant differences identified (14 (6 to 35) vs. 12 (7 to 30)
days, P=0.113).

The quality of the evidence for secondary outcomes was
of moderate to low quality because of the lack of blinding, leading
to possible risk of detection bias and because of wide confidence
intervals in some of the outcomes possibly leading to imprecision.
For elective colonic resections, the quality of evidence was very
low because of an additional concern for inconsistency due to the
substantial heterogeneity.

However only one study, Jaung 2020, included in meta-analyses
of antibiotics versus no antibiotics had no risk of bias with the
remaining having high risk of bias due to no blinding.

Overall, the outcomes of the present studies had no
important heterogeneity, except elective colonic resections where
heterogeneity was substantial. The outcome was only based on two
studies and therefore we did not identify a sufficient number of
studies for subgroup analysis.

Comparison of different antibiotic agents

The estimates were only based on Kellum 1992. The calculated
estimate for emergency surgery had wide confidence intervals,
and the evidence indicates an uncertain clinical effect between
these two antibiotic regimens (RR 0.70; 95% CI [0.11 to
4.58]; 12= not applicable; 1 study; 51 participants, low-certainty
evidence, Analysis 2.1). For the secondary outcomes, the length of
hospital stay was similar in both groups and the different antibiotic
agents may result in little to no difference in hospital stay (8.1
+/-0.7 vs. 9.0 +/-1.0 days). There was one adverse event in the
gentamicin-clindamycin group (0 vs. 4.8%). The authors of the
study end up concluding that there were no differences between
the two antibiotic treatment arms in effectiveness.

Kellum 1992 had an overall high risk of bias due to high attrition,
no blinding and no explanation of the randomisation process
and further risk of imprecision due to wide confidence intervals
making the quality of evidence low in analysis of different antibiotic
compounds.

Comparison of routes of administration and duration of
therapy

The estimates were only based on Ribas 2010. Treatment failure
was equal in the groups and no significant differences were found
(4.5vs.2.3,P=1). Acorrespondence with the author confirmed that
none of the participants with treatment failure were re-evaluated
with CT or received emergency surgery, but were unable to be
discharged, solely due to persistent pain. Therefore, this trial
did not report any events for our primary outcomes. However,

secondary outcomes were reported. Colonoscopy four to six weeks
after discharge revealed late complications with strictures in one
participant from each group but no significant differences were
found (RR 1.0; 95% CI [0.07 to 15.00]; 12= not applicable; 1
study; 44 participants, low-certainty evidence, Analysis 3.1). Short
intravenous treatment of 24 to 48 hours was therefore not inferior
to long intravenous treatment of seven days, when treated with
antibiotics for 12 days in total.

Ribas 2010 also had an overall high risk of bias due to no blinding
and high risk of imprecision due to few participants and no
events, making the quality of evidence low.

DISCUSSION

Summary of main results

This present systematic review, based on RCTs, explored whether
antibiotic treatment of uncomplicated acute diverticulitis had
an impact on the development of complications or emergency
surgery. According to the identified records, no significant effects
of the tested antibiotic therapies were identified. There was
no effect of antibiotics compared to antibiotic-free treatment,
no difference between single-compound compared to double-
compound therapy, and no difference between short versus
long intravenous antibiotic therapy identified. Meta-analyses
comparing no antibiotics versus antibiotic treatment, including
approximately 1300 participants showed no statistical differences
in clinical outcomes.

Overall completeness and applicability of evidence

Five randomised controlled trials and two follow-up studies
investigating participants with CT-verified uncomplicated acute
diverticulitis were identified to assess the outcomes of this
systematic review. Five of these studies investigated the role of
no antibiotics compared to antibiotics. Chabok 2012 only included
participants with a body temperature above 38°C and elevated
white blood cell count and Jaung 2020 excluded participants with
greater than one criterion for systematic inflammatory response
including a body temperature above 38°C. Both studies, therefore,
included more selected participant groups.

Evidence for the need of antibiotics for uncomplicated acute
diverticulitis is being emphasised in a number of ongoing
randomised controlled trials at the moment. One group is
investigating the efficacy and safety of ambulatory treatment of
uncomplicated acute diverticulitis without antibiotic compared
to antibiotic treatment in 460 participants, by assessing
causes for readmissions and ambulatory visits, pain control
and progression to complicated diverticulitis (NCT02785549).
Like Jaung 2020, NCT02785549 is triple-blinded (participant,
care provider, outcomes assessors), possibly lowering risk of
performance and detection bias. This trial could strengthen or
weaken the overall evidence depending on the direction of the
results because of the relatively high number of participants
included. A smaller pilot trial including only 11 participants
also investigated outpatient treatment of uncomplicated acute
diverticulitis with no-antibiotic versus antibiotic treatment (Al
Mansouri 2019; NCT03146091), however no treatment failures were
seen in either of the groups during the 60 days of follow-up.
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Quality of the evidence

The primary outcome was explored in three RCTs and two follow-
up studies exploring no antibiotics versus antibiotics (Chabok
2012; Daniels 2017; Isacson 2019; Jaung 2020; Van Dijk 2018);
one study was assessed at low risk of bias (Jaung 2020) and
the other four (Chabok 2012; Daniels 2017; Isacson 2019; Van
Dijk 2018) were assessed at high risk of bias due to the lack of
blinding, leading to possible risk of detection bias. The follow-
up analysis, Van Dijk 2018, also had high risk of attrition bias,
because it only included participants that completed the entire 24
months of follow-up. The 95% confidence intervals were relatively
wide for primary outcomes, indicating a small sample size with
few events. The presence of type Il error in the analyses of no
antibiotics versus antibiotics can therefore not be ruled out. Trial
sequential analysis could not be performed due to the low number
of included participants indicating that the available sample size
is far from reaching futility. The certainty of the evidence for
the primary outcome of no antibiotics versus antibiotics was,
therefore, of low certainty due to possible risk of performance
bias and imprecision. Secondary outcome analyses for recurrence
and long-term complications had acceptable 95% confidence
intervals, indicating a true non-inferiority and precise estimates.
The low 12 in the meta-analyses suggests low clinical heterogeneity,
thereby indicating consistent results, and the certainty for these
two secondary outcomes was moderate. The other two included
randomised controlled trials (Kellum 1992; Ribas 2010) included
very small numbers of participants, they could not be pooled
in meta-analysis and therefore also had risk of type Il error and
imprecision. Further, Kellum 1992 had an overall high risk of bias
due to high attrition, suggesting that the certainty of evidence
was low in the analysis of different antibiotic compounds. An
increasing amount of evidence supporting no use of antibiotics in
uncomplicated acute diverticulitis has been published since the
first publication of this review (Shabanzadeh 2012), however, the
total body of evidence is still limited.

Potential biases in the review process

The methodology to evaluate the evidence was carried out
according to Cochrane’s tool for assessing risk of bias, resulting in
a uniform and strict analysis of each RCT. Two authors performed
the study selection and data extraction. All authors agreed upon
study inclusion and exclusion. Six records were excluded, due to
the review's inclusion criteria. Reasons for exclusion are outlined in
Excluded studies. Meta-analyses were performed by pooling data
from Chabok 2012; Daniels 2017; and Jaung 2020 and the follow-
up studies, Isacson 2019 and Van Dijk 2018. Hence, this systematic
review process has very low risk of potential bias.

Agreements and disagreements with other studies or
reviews

A meta-analysis (Mege 2019) based on seven randomised and
non-randomised studies (2321 participants) explored different
management strategies for CT-verified uncomplicated acute
diverticulitis. It demonstrated that antibiotic-free treatment was
not inferior to antibiotic treatment in the rates of emergency
surgery or recurrence of diverticulitis. A subgroup analysis of two
RCTs (Chabok 2012 and Daniels 2017) revealed an increase in
elective surgery during follow-up in the antibiotic-free group. This
present systematic review demonstrated no significant differences
in elective surgery (evidence is very uncertain), based on meta-

analyses of the follow-up studies (Isacson 2019 and Van Dijk 2018).
Another meta-analysis (Desai 2019), based on almost the same
seven randomised and non-randomised studies as Mege 2019,
also concluded that there were no significant differences between
non-antibiotic and antibiotic treatment, in either recurrence
of diverticulitis, progression to complicated diverticulitis or
colonic resection rates. These two published meta-analyses may
be methodologically inferior as they included non-randomised
studies, however, they reached the same overall conclusion in
regard to primary outcomes as this present systematic review. Mege
2019 also compared oral versus intravenous treatment based
on four studies (355 participants) and showed no significant
differences in outcome.

The included studies reported allergic reactions and one
anaphylactic reaction due to antibiotic treatment and no
comparable events were reported in the non-antibiotic groups.
The possible serious adverse effects of antibiotics, and increasing
antibiotic resistance, call for a reduction in the clinical use of
antibiotics.

Several medications have been tested under the premise that
diverticulitis is an inflammatory disorder (Strate 2019). Mesalazine,
an anti-inflammatory drug in the 5-aminosalicylic-acid-group,
is recommended in some guidelines for the prevention of
uncomplicated acute diverticulitis recurrence (Andeweg 2013). A
systematic review investigated mesalazine in diverticular disease
and a subgroup analysis found that mesalazine did not prevent
recurrence after uncomplicated acute diverticulitis (lannone
2018). A meta-analysis based on RCTs demonstrated that 5-
aminosalicyclic acid agents did not prevent recurrent diverticulitis
(Urushidani 2018). Other pharmaceutical agents have been tested
for prevention of recurrent diverticulitis, including the antibiotic
rifaximin and probiotics (Dughera 2004, Lanas 2013), however, both
studies were small and of low quality. None of the tested medical
treatments have been found effective for the prevention of acute
diverticulitis.

AUTHORS' CONCLUSIONS

Implications for practice

The newest evidence on antibiotic treatment for uncomplicated
diverticulitis suggests that the effect of antibiotics is uncertain
for complications, emergency surgery, recurrence, elective colonic
resections and long-term complications. These results were
obtained from meta-analyses of mostly low-certainty evidence
RCTs and follow-up studies. The evidence suggest that no-
antibiotic treatment for uncomplicated diverticulitis seems to be
safe.

Implications for research

Only three RCTs on the need of antibiotics are currently available
and more are needed in order to obtain precise effect estimates.
New trials should perform blinded outcome assessmentin order to
minimise risk of bias. At least two ongoing RCTs will provide new
evidence to the management of uncomplicated diverticulitis and
antibiotic treatment in the years to come.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Chabok 2012

Study characteristics

Methods RCT, multicentre, inclusion from 10 hospitals in Sweden and one in Iceland, October 2003 to January
2010
Isacson 2019: Ten-year follow-up
Furthermore, all participants received a Quality of Life questionnaire with five dimensions; mobility,
self-care, usual activity, pain/discomfort and anxiety/depression; and rated their health on Quality-of-
life questionnaires, used as a quantitative measure of health outcomes.

Participants 669 patients randomised, 46 excluded with adequate reasons (309 in no-AB vs. 314 in AB group)
Inclusion: CT with uncomplicated acute diverticulitis and lower abdominal pain, temperature 38°C or
more, elevated white blood cells
Exclusion: CT with complicated diverticulitis (abscess, fistula, free air), signs of other diagnosis on CT,
receiving antibiotic orimmunosuppressive therapy, pregnancy, high fever, affected general condition,
peritonitis or sepsis
Isacson 2019:

Including only the Swedish participants; all were identified
67 participants lost to follow-up (no-AB: 34 vs. AB: 33)
Ethics committee approval for the Icelandic patients could not be obtained.

Interventions Intervention: No-AB group (IV fluids only)

Control: AB group. Broad-spectrum ABs were used according to the participating centres’ routines, cov-
ering gram-negative and anaerobic bacteria. Treatment was initiated with an IV combination of a sec-
ond- or third generation cephalosporin (cefuroxime or cefotaxime) and metronidazole, or with car-
bapenem antibiotics (ertapenem, meropenem or imipenem) or piperacillin-tazobactam. Orally ad-
ministrated ABs such as ciprofloxacin or cefadroxil combined with metronidazole were initiated subse-
quently on the ward or at discharge. The total duration of AB was at least 7 days.

Outcomes Primary:

Complications were defined as bowel perforation with free air, abscess or fistula.
Emergency surgery during hospital stay.
Length of hospital stay.
10 participants allocated to no-AB group were started on AB because of increasing abdominal pain,
fever or CRP level.
3 participants allocated in the AB group had their AB terminated because of allergic side-effects.
One year follow-up:
Surgery during follow-up.
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Readmission with recurrence after 12 months was assessed by questionnaires
Isacson 2019

Data extraction included any admission for recurrence or complications of diverticulitis, surgery for di-
verticulitis, and the development of colorectal cancer that occurred more than 1 month after inclusion
in the AVOD trial. Recurrent diverticulitis was defined as clinical or CT-verified recurrence diagnosed at
a hospital. Each participant was included only once in the database, but all of their complications and

operations were included.

Notes Financial support for the study was provided by the Uppsala and Orebro Regional Research Founda-
tion. The Foundation had no involvement in the design and conduct of the study, data analysis or pub-
lication.

The authors declared no other conflict of interest.

Isacson 2019

The work was supported by research grants from the County of Vastmanland and Uppsala-Orebro Re-
gional Research Council, Sweden.

The authors declared no conflict of interest.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation in blocks of four and stratified by the centres. The sizes of the

tion (selection bias) blocks were unknown to the participating units. At each centre, a local investi-

gator was responsible for recruiting participants to the trial and controlling the
randomisation process.

From author: The centre for clinical research performed the randomisation.
This centre was independent from the clinic and was not involved in partici-
pant recruitment.

Allocation concealment Low risk Sealed envelopes were opened, distributed by the Centre for Clinical Research

(selection bias) in Vaasteras.

From author: Envelopes were not possible to see through in order to figure out
randomisation group.

Blinding (performance High risk Not performed

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk 669 patients were randomised; 46 excluded with adequate reasons (No-AB: 25

(attrition bias)
All outcomes

vs. AB: 21). 41 participants were lost to follow-up after 12 months (No-AB: 19
vs. AB: 22). In total 87 randomised participants did not complete the trial cor-
responding to an attrition rate of 13%. This attrition rate is acceptable and rea-
sons for exclusion are all justified.

Group sizes with a = 0-05 and a power of 80 per cent were calculated and re-
ported to be 240 in each group which was fulfilled for the analysed study popu-
lation.

Isacson 2019

669 patients were randomised; 46 excluded with adequate reasons (No-AB: 25

vs. AB: 21). 76 participants were lost to follow-up. In total, 122 randomised par-
ticipants did not complete the trial corresponding to an attrition rate of 18.2%.
This attrition rate was acceptable and reasons for exclusion were all justified.

Antibiotics for uncomplicated diverticulitis (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

23



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Chabok 2012 (continued)

Selective reporting (re- Low risk Method and outcomes were specified and were available during the study pe-
porting bias) riod on clinicaltrials.gov (NCT01008488)

In the protocol, there was no planned follow-up, but the follow-up assessed
the same outcomes as the original study.

Daniels 2017

Study characteristics

Methods RCT, multicentre; 22 clinical sites in the Netherlands, from 1 June 2010 to 14 October 2012

Van Dijk 2018: two-years follow-up study

Participants 570 patients randomised; 42 patients excluded with adequate reasons (no-AB: 262 vs. AB: 266)
Inclusion: Left-sided, CT-verified diverticulitis

Exclusion: Previously US- or CT-verified diverticulitis, inflammatory bowel disease, complicated diverti-
culitis, conditions with expected survival < 6 months, pregnancy, breastfeeding, ASA > IlI, clinical suspi-
cion of sepsis, immunocompromised, AB in four weeks before inclusion.

Van Dijk 2018:
Sixty participants were lost to follow-up (No-AB: 35 vs. AB: 25).

Participants included: 468 (No-AB: 227 vs. AB: 241)

Interventions Intervention: No-AB. Could be treated directly in an outpatient setting
Control: AB-group: Amoxicillin-clavulanic acid, 10-day course, IV 1200 mg x 4 for at least 48 hours - oral
625 mg x 3 ciprofloxacin and metronidazole

The AB treatment led to admission of all participants on the premise that treatment was started IV.

Outcomes Primary:
Time to recovery during 6 months of follow-up (median days)

Criteria: discharge from hospital, normal diet, temperature less than 38°C, VAS pain score below 4 (with
no use of daily pain medication), and resumption of pre-illness working activities as assessed by a daily
patient diary

Secondary:

At 2 and 6 months, the participant visited the outpatient clinic; follow-up at 12 and 24 months was by
telephone. A standard case record form was used for collection of study variables. Oracle® Clinical, with
internet-based remote data capture, version 4.5.3 (Oracle, Redwood Shores, California, USA), was used
for entering, managing and validating data.

1. Proportion of time outside hospital in the 6-month period
2. Readmission rate within 6 months

3. Complicated diverticulitis within 6 months (abscess, perforation, obstruction/stricture, diverticular
bleeding or fistula)

4. Ongoing diverticulitis within 6 months
5. Recurrent diverticulitis within 6 months

6. Need for sigmoid resection within 6 months:

Antibiotics for uncomplicated diverticulitis (Review) 24
Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Daniels 2017 (continued)

« Emergency
 Elective

7. Need for sigmoid resection within 12 months of follow-up
8. Adverse events

9. All-cause mortality

Van Dijk 2018:

Follow-up was performed by telephone at 12 and 24 months and all hospital records were reviewed.
Recurrent diverticulitis was assessed clinically with or without imaging.

Notes

The DIABOLO trial was funded by the Netherlands Organization for Health Research and Develop-
ment (ZonMw; 171002303) and the Digestive Diseases Foundation (Maag Lever Darm Sticht- ing, MLDS
WO08-54). The funders had no involvement in trial design, conduct or reporting.

The authors declared no conflict of interest.

Van Dijk 2018:
The authors declared no conflict of interest.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation controlled centrally by computer system; block randomisation

tion (selection bias) insizes2or4

Allocation concealment Low risk Outcome was generated automatically, thereby preserving concealment.

(selection bias)

Blinding (performance High risk No blinding

bias and detection bias)

All outcomes

Incomplete outcome data  High risk In total, 570 participants randomised. 70 were excluded with adequate rea-

(attrition bias) sons (No-AB: 34 vs. AB: 36). 16 participants were lost to follow-up (No-AB: 6 vs.

All outcomes AB: 10). In total, 86 participants did not complete the trial corresponding to an
attrition rate of 15% which was acceptable and reasons for exclusion were jus-
tified.
Group sizes with a=0-05 and a power of 99 per cent were calculated and re-
ported to be 262 in each group; which gave sufficient power.
Van Dijk 2018:
The authors believed that attrition bias could have been introduced in the
multiple analyses that were done. They showed an association with earlier
dropout of follow-up in the no-AB group compared to the AB group, when re-
covery of the initial diverticulitis episode was prolonged. The authors suggest-
ed that the reason for the correlation was the open-label design. However,
baseline characteristics in the 6-month and the 2-years follow-up were compa-
rable.
570 patients randomised. 42 were excluded with adequate reasons and 60
were lost to follow-up. In total, 102 participants did not complete the trial cor-
responding to an attrition rate of 17.9% which was acceptable and reasons for
exclusion were justified.
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Daniels 2017 (continued)

Selective reporting (re- Low risk Method and primary and secondary outcomes were specified, published and
porting bias) available during the study (Unlu 2010).
Jaung 2020
Study characteristics
Methods RCT, multicentre; 4 clinical sites, international (New Zealand and Australia), from December 2015 to
May 2019
Participants 180 patients randomised in no-AB (95, 1 withdrawal) and AB (85, 1 withdrawal)

Inclusion: Left-sided, CT-verified diverticulitis, Hinchey 1a uncomplicated diverticulitis

Exclusion: > 1 criterion for systemic inflammatory response syndrome upon presentation to hospital
(temperature < 36°C or > 38° C, heart rate > 90 beats/min, respiratory rate > 20 breaths/min or PaCO, <

32 mmHg, white cell count <4 or> 12 109/L), unable to give consent or answer symptom-related ques-
tions due to language barrier or cognitive impairment, previous drug reactions to the antibiotics used,
lactose allergy, used steroids for > 5 days prior to presentation, administered regular immunomodula-
tors or biologics within the 6 months prior to presentation, NSAID > 1 week prior to presentation, ad-
ministered > 1 dose of IV or > 2 doses of oral AB during this illness but prior to enrolment in the study,
pregnancy, ASA > 3, CT-verified complicated acute diverticulitis, could not start taking the study med-
ication within 24 hours of their admission into hospital

Interventions Placebo-controlled, double-blinded, comparing AB with placebo

Intervention: AB-group: Initially IV cefuroxime 750 mg every 6 hours and oral metronidazole 400 mg 3
times a day and oral antibiotics amoxicillin/clavulanic acid 625 mg 3 times a day
Control: No-AB-group: placebo

Participants were prescribed the intravenous or oral regimen at the discretion of the surgical team,
with a minimum treatment duration of 5 days of the oral regimen and a maximum treatment duration
of 48 hours for the IV regimen and 5 days for the oral regimen (a total of 7 days of study medication).
Participants requiring longer durations of treatment were regarded as having delayed recovery and
started on conventional management, which included antibiotics.

Participants were discharged when they were afebrile on oral study medication, able to tolerate oral di-
et, able to manage pain exclusively with oral analgesia, and able to mobilise safely and manage their
activities of daily living. The final decision on discharge was made by the clinical team who were blind-
ed to allocation status.

Outcomes Primary:

Length of hospital admission in hours from registration in emergency department to discharge into the
community

Secondary:

1. Participant dropout or withdrawal rate
2. Occurrence af adverse events

3. Readmission within 1 week

4. Readmission within 30 days

5. Procedural intervention

6. Mortality
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7. Change in serum markers of inflammation

8. Patient-reported pain score at 12 and 24 hours

Notes Rebekah Jaung is a doctoral candidate funded by the Auckland Medical Research Foundation, and the
STAND study was funded by a project grant from the Colorectal Surgical Society of Australia and New
Zealand.
The authors disclosed no conflicts.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-based random number generator. Randomisation was blocked in-
tion (selection bias) to groups of 4 to ensure a comparable allocation to treatment and control
groups.
Allocation concealment Low risk Allocation performed by the external pharmacy where the study medications
(selection bias) were manufactured.
Blinding (performance Low risk Participants, study investigators, and clinical staff were blinded to treatment
bias and detection bias) allocation. The antibiotics and placebo were packaged in identical vials and
All outcomes bottles and labelled with a study identification number.
Incomplete outcome data  Low risk 180 participants were randomised; 0 were excluded after randomisation. 3
(attrition bias) participants were lost to follow-up (AB: 2 vs. placebo: 1). In total, 3 participants
All outcomes did not complete the trial corresponding to an attrition rate of 1.7% which was
acceptable and reasons for exclusion were justified.
Group sizes with a=0-05 and a power of 99 per cent were calculated and re-
ported to be 262 in each group which gave sufficient power.
Selective reporting (re- Low risk Method and outcomes were specified and were available during the study pe-

porting bias)

riod on clinicaltrials.gov, Jaung 2015

Kellum 1992

Study characteristics

Methods

Open-label, RCT, multicentre

Participants

77 patients randomised, 30 vs. 21 participants

Inclusion: Abdominal tenderness and signs of infection: fever/leucocytosis (white blood cells = 9.5 cells/
mm3 or more), radiological (CT: colonic wall thickening/increased density of pericolic fat or contrast
enema with intramural/extramural tracking/abscess), surgical (3 participants) or pathologic (1 partici-
pant) evidence, 2 participants with clinical diagnosis

Exclusion: Requirement of immediate emergency surgery, admission creatinine of 3 mg/dL or more,
need of additional antibiotics not permitted by the study protocol

Interventions

Intervention: IV Cefoxitin: 1-2 g/6h

Control: IV gentamicin/clindamycin (1.7 mg/kg followed by 1-1.4 mg/kg/8h maintenance dose)/(2.4-2.7
mg/d)

Duration of treatment was determined by attending physician based on clinical assessment.
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Kellum 1992 (continued)

Outcomes Cured: Resolved clinical findings and discharged with no recurrence for at least 6 weeks or alternative-
ly a candidate for elective surgery with primary anastomosis and no septic complications (wound infec-
tion, intra-abdominal abscess or anastomotic leak)

Failure: At least 48 h of AB with subsequent need of emergency surgery or switch of AB. Alternatively,
the participants had undergone elective surgery with septic complications following a successful AB

Notes This study was supported in part by the grant from Merck Sharp and Dohme, West Point, Pennsylvania.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomised to receive either cefoxitin (CFX) or a combination of gentamicin

tion (selection bias) and clindamycin (G/C)

Allocation concealment Unclear risk Not described

(selection bias)

Blinding (performance High risk Open-label study

bias and detection bias)

All outcomes

Incomplete outcome data High risk 26 were deemed non-evaluable (CFX: 10 vs. G/C: 16).

(attrition bias)

All outcomes Seven received additional antibiotics not permitted by study protocol.
Interpretation: 34% of randomised participants were excluded from analysis.
The exclusion was described in numbers and reasons adequately for 19 partic-
ipants. The reason for the exclusion of the last 7 participants was not reported.
Lost to follow-up during the six weeks described in the methods section was
not addressed in the results section.
The questionable exclusion of participants, the big exclusion rate, the missing
reporting on lost to follow-up, and the overall small sample size of the study all
contributed to high risk attrition bias.
Frequency and time points for white blood cell count measurements was not
described. This suggests that the stated significant conclusion, that leucocyto-
sis resolved more rapidly in the single-compound group than in the combina-
tion group, questionable.
All of the above factors resulted in a high risk of reporting bias.

Selective reporting (re- Unclear risk A protocol was mentioned once in the results section. Specification of out-

porting bias)

comes was provided in the methods section but they were never described as
predefined. The recurrence outcome was never addressed in the results sec-
tion although mentioned in the methods section.

Ribas 2010

Study characteristics

Methods

RCT, parallel, multicentre (2 hospitals in Spain), pilot study

Participants

50 patients randomised, 44 analysed, 22 from each group

Inclusion: Abdominal pain localised to left lower quadrant and tenderness at examination, CT (within
24-48 h) with bowel wall thickness and pericolic fat infiltration

Antibiotics for uncomplicated diverticulitis (Review)
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Ribas 2010 (continued)

Exclusion: Complicated diverticulitis on CT or clinical suspicion

Interventions

Intervention: Short IV: IV AB for 24-48 hours + 10 days of oral AB
Control: Long IV: IV AB for 7 days + 5 days of oral AB

Amoxicillin-clavulanic acid was used for both administration routes and intervention groups with the
same dose (1 g/8h). Total duration of treatment was 12 days in both groups.

Outcomes Failure of treatment: (Short IV: 1 vs. long IV: 2)
1. Not able to discharge participant because of symptoms on fourth (short-1V) or eighth (long-1V) day
2. Emergency admission after discharge for reasons related to diverticulitis
3. Hospital readmission with the same diagnosis within 30 days
Late complications: Colonoscopy 4-6 weeks after discharge (Short IV: 1 vs. long IV: 1)
Notes This study was supported by a grant from the Fundacié Joan Costa Roma of the Consorci Sanitari de
Terrassa.
The authors declare no conflict of interest.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomised by a computer-generated randomisation list that was prepared
tion (selection bias) by an external observant
Allocation concealment Low risk Allocated by means of numbered sealed envelopes that corresponded to the
(selection bias) randomisation list. The envelopes were opened after the written consent was
provided.
Blinding (performance High risk No blinding
bias and detection bias)
All outcomes
Incomplete outcome data  Low risk Dropout after randomisation: 6 excluded because of withdrawal of consent or
(attrition bias) different CT diagnosis. No participants were excluded from analysis.
All outcomes
3 participants (Short-IV: 2 vs. long-1V: 1) had failure of treatment and could not
be discharged.
From author: None of the 3 participants required surgery or had re-evaluation
on CT. The participants had persistent pain and therefore could not be dis-
charged on scheduled day.
Interpretation: Failure of treatment in participants was not because of compli-
cations that required emergency surgery.
Selective reporting (re- Low risk No specification of a protocol in the study. All defined outcomes in method
porting bias) section are reported and assessed.
From author: "a document [protocol] was written in Catalan. The article sum-
marizes quite well what we did, the inclusion and exclusion criteria, the two
groups with different treatments, as well as the outcomes".
Interpretation: Relevant outcomes and relevant outcome reporting when com-
bining article and comments plus data from author.
AB: antibiotic
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ASA: American Society of Anaesthesiologists physical status classification

AVOD: Antibiotika Vid Okomplicerad Divertikulit - Swedish for ‘antibiotics in uncomplicated diverticulitis’
DIABOLO: Dlverticulitis AntiBiotic Or cLose Observation

IV: intravenous

VS.: versus

NSAID: nonsteroidal anti-inflammatory drugs

PaCO,: The partial pressure of carbon diaoxid in arterial blood;

RCT: randomised controlled trial

STAND: Selective Treatment with Antibiotics for Non-complicated Diverticulitis

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Biondo 2014 Study description: Multicentre, randomised controlled trial, including patients with CT-verified
acute uncomplicated left-sided diverticulitis. There were 2 strategies of management: hospitalisa-
tion (group 1) and outpatient (group 2). Both groups had the same antibiotic regimen.

Reasons for exclusion: Investigating outpatient management and not observational versus antibiot-
ic treatment

Colecchia 2007 Study description: Multicentre, open-label, prospective, randomised study. Comparing rifaximin
(400 mg for 7 days every month) plus dietary fibre supplementation (at least 20 g/day) and simply
dietary fibre supplementation (at least 20 g/day). The study duration was 24 months.

Reasons for exclusion: No distinction between acute diverticulitis and diverticular disease

Estrada 2016 Study description: Patients with mild acute diverticulitis with/or without comorbidities received
outpatient treatment without antibiotics. Patients with moderate acute diverticulitis were admit-
ted for 48 hours and then managed as outpatients; they received 10 days of antibiotics.

Reasons for exclusion: Not a randomised controlled trial. Investigating outpatient management and
not antibiotic treatment

Kim 2019 Study description: Single-centre, open-label, randomised controlled trial, investigating CT-verified
uncomplicated acute diverticulitis in the right-sided colon. Participants were randomised to obser-
vational (bowel rest and IV fluids) and antibiotic (bowel rest, IV fluids, and antibiotics). Clinicians,
the data manager, and participants were masked to treatment assignment.

The primary outcome was the treatment failure, and secondary outcomes were the length of hospi-
tal stay and total admission costs. 61 participants vs. 64 participants. Concluded observational and
antibiotic management of uncomplicated right-sided colonic diverticulitis showed similar treat-
ment failure rates and length of hospital stay. Observational management was associated with low-
er hospital costs, compared with standard antibiotic treatment. Therefore, observational manage-
ment can be considered as a safe treatment option.

Reasons for exclusion: investigating right-sided colon

Ridgway 2008 Study description: randomised controlled trial, comparing intravenous versus oral antibiotic treat-
ment

Reasons for exclusion: Diagnosis was based on clinical symptoms only with no radiographic confir-
mation.

Schug-Pass 2010 Study description: Randomised controlled trial comparing treatment with intravenous ertapenem
for 4 days vs. 7 days in patients with CT/US-verified diagnosis of uncomplicated acute diverticulitis.
The primary outcome was successful treatment.

Reasons for exclusion: All included participants were treated with the same intravenous treatment
the first 4 days. Randomisation was performed on day 4, if treatment had been successful. Because
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Study Reason for exclusion

the treatment had not been successful after 4 days, 17 participants were excluded from being ran-
domised at day 4, including participants with persisting symptoms and complicated diverticulitis.
This design excluded participants of interest for this review before randomisation. The study de-
sign introduced selection bias by undermining the concept of randomisation prior to intervention
start and by selecting participants for randomisation. Therefore, this study was not considered a
randomised controlled trial for this review and did not fulfil the inclusion criteria.

Vs.: versus

Characteristics of studies awaiting classification [ordered by study ID]

Mora-Lopez 2021

Methods Randomised controlled trial, triple-masking (participant, care provider, investigator)
Participants 460

Interventions No-antibiotic versus antibiotic

Outcomes Primary: readmission

Secondary: re-consultation, reason for re-consultation, reason for readmission, pain control, com-
plications

Notes Protocol for NCT02785549

Registered on clinical trials register 30 May 2016

Characteristics of ongoing studies [ordered by study ID]

Al Mansouri 2019

Study name Outpatient treatment of uncomplicated diverticulitis with either antibiotic or nonantibiotic treat-
ment (MUD)
Methods Randomised controlled trial, quadruple-masking (participant, care provider, investigator, out-

comes assessor)

Participants 40
Interventions No-antibiotic versus antibiotic
Outcomes Primary: recruitment rate

Secondary: median visual analogue pain scores at 7 days and treatment failures (defined as per-
sistence, increase or recurrence of abdominal pain and/or fever, inflammatory bowel obstruction,
need for radiological abscess drainage or immediate surgery due to complicated diverticulitis,
need for hospital admission, and mortality during the first 60 days after discharge)

Starting date April9,2018
Contact information sarah.samfaris@gmail.com
Notes MUD trial, registered on clinical trials register May 9 2017
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Al Mansouri 2019 (Continued)

Al-Mansouri 2019: conference abstract for NCT03146091 at 2019 Scientific Session of the Society of

American Gastrointestinal and Endoscopic Surgeons, SAGES. United States

Kruis 2019
Study name Novel rifamycin Sv multi-matrix formulation for treatment of acute uncomplicated diverticulitis: re-
sults of a prospective double-blind, placebo-controlled, randomized study
Methods Randomised controlled trial, quadruple-blinded (participant, care provider, investigator, outcomes
assessor)
Participants 201

Interventions

Rifamycin 400 mg vs. rifamycin 600 mg vs. placebo (controls)

Outcomes

Primary: Treatment success at day 10

Secondary: Complete treatment success

Starting date

August 2013

Contact information

Not noted

Notes

Completed July 2017

DATA AND ANALYSES

Comparison 1. No-antibiotic vs antibiotic group

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.1 Complications (abscess,
perforation, obstruction or fis-

tula)

3

1329

Risk Ratio (M-H, Random, 95% Cl)

0.89[0.30, 2.62]

1.2 Emergency surgery

1329

Risk Ratio (M-H, Random, 95% Cl)

0.47[0.13,1.71]

1.3 Recurrence

1024

Risk Ratio (M-H, Random, 95% Cl)

1.01[0.81,1.25]

1.4 Long-term complications

1024

Risk Ratio (M-H, Random, 95% Cl)

1.08[0.61, 1.93]

1.5 Long-term emergency

surgery

1024

Risk Ratio (M-H, Random, 95% Cl)

1.42[0.58, 3.49]

1.6 Elective colonic resections

1024

Risk Ratio (M-H, Random, 95% Cl)

1.10[0.41, 2.97]

1.7 All-cause mortality

1262

Risk Ratio (M-H, Random, 95% Cl)

0.98 [0.60, 1.59]

1.8 Adverse events

1329

0dds Ratio (M-H, Random, 95% Cl)

0.14[0.02, 1.13]
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Analysis 1.1. Comparison 1: No-antibiotic vs antibiotic group,
Outcome 1: Complications (abscess, perforation, obstruction or fistula)

No antibiotics Antibiotics Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 6 309 3 314 44.6% 2.03[0.51, 8.05] R
Daniels 2017 3 262 6 266 44.7% 0.51[0.13, 2.01] —
Jaung 2020 0 94 1 84 10.7% 0.30[0.01, 7.22]
Total (95% CI) 665 664 100.0% 0.89 [0.30, 2.62]
Total events: 9 10
Heterogeneity: Tau? = 0.18; Chi2 = 2.47, df =2 (P =0.29); 2= 19% 0.01 01 1 10 100

Test for overall effect: Z = 0.21 (P = 0.83) Favours no antibiotic Favours antibiotic

Test for subgroup differences: Not applicable

Analysis 1.2. Comparison 1: No-antibiotic vs antibiotic group, Outcome 2: Emergency surgery

No antibiotics Antibiotics Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 1 309 3 314 32.2% 0.34[0.04, 3.24] -
Daniels 2017 2 262 3 266 51.7% 0.68[0.11, 4.02] —
Jaung 2020 0 94 1 84  16.1% 0.30[0.01, 7.22]
Total (95% CI) 665 664 100.0% 0.47[0.13, 1.71]
Total events: 3 7
Heterogeneity: Tau? = 0.00; Chi? = 0.32, df = 2 (P = 0.85); I> = 0% 0.01 0.1 1 10 100

Test for overall effect: Z = 1.14 (P = 0.25) Favours no antibiotic Favours antibiotic

Test for subgroup differences: Not applicable

Analysis 1.3. Comparison 1: No-antibiotic vs antibiotic group, Outcome 3: Recurrence

No antibiotics Antibiotics Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 86 275 88 281  75.2% 1.00 [0.78, 1.28]
Daniels 2017 35 227 36 241 24.8% 1.03[0.67, 1.58]
Total (95% CI) 502 522 100.0% 1.01 [0.81, 1.25]
Total events: 121 124
Heterogeneity: Tau2 = 0.00; Chi? = 0.02, df = 1 (P = 0.90); I> = 0% 0.01 01 1 10 100

Test for overall effect: Z = 0.06 (P = 0.95) Favours no antibiotic Favours antibiotic

Test for subgroup differences: Not applicable
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Analysis 1.4. Comparison 1: No-antibiotic vs antibiotic group, Outcome 4: Long-term complications

No antibiotics Antibiotics Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 12 275 14 281 58.4% 0.88[0.41, 1.86]
Daniels 2017 11 227 8 241 41.6% 1.46 [0.60 , 3.56]
Total (95% CI) 502 522 100.0% 1.08 [0.61, 1.93]
Total events: 23 22

Heterogeneity: Tau2 = 0.00; Chi2 = 0.74, df = 1 (P = 0.39); 2 = 0%
Test for overall effect: Z = 0.27 (P = 0.79)
Test for subgroup differences: Not applicable

Favours no antibiotic

0.1 1 10 100
Favours antibiotic

0.01

Analysis 1.5. Comparison 1: No-antibiotic vs antibiotic group, Outcome 5: Long-term emergency surgery

No antibiotics Antibiotics Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 8 275 6 281  74.4% 1.36 [0.48, 3.88]
Daniels 2017 3 227 2 241 25.6% 1.59[0.27, 9.44]
Total (95% CI) 502 522 100.0% 1.42[0.58, 3.49]
Total events: 11 8

Heterogeneity: Tau? = 0.00; Chi2 = 0.02, df =1 (P = 0.88); 2 = 0%
Test for overall effect: Z = 0.76 (P = 0.45)
Test for subgroup differences: Not applicable

Favours no antibiotic

0.1 1 10 100
Favours antibiotic

0.01

Analysis 1.6. Comparison 1: No-antibiotic vs antibiotic group, Outcome 6: Elective colonic resections

No antibiotics Antibiotics Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 9 275 14 281  48.8% 0.66 [0.29, 1.49]
Daniels 2017 17 227 10 241 51.2% 1.80[0.84, 3.86]
Total (95% CI) 502 522 100.0% 1.10 [0.41, 2.97]
Total events: 26 24

Heterogeneity: Tau? = 0.35; Chi? = 3.14, df = 1 (P = 0.08); I = 68%
Test for overall effect: Z = 0.19 (P = 0.85)

Favours no antibiotic

Test for subgroup differences: Not applicable

0.1 1 10 100
Favours antibiotic

0.01
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Analysis 1.7. Comparison 1: No-antibiotic vs antibiotic group, Outcome 7: All-cause mortality

No antibiotics Antibiotics Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 26 275 28 281  92.9% 0.95[0.57, 1.58] i
Daniels 2017 3 262 1 266 4.7% 3.05[0.32, 29.09] 1 .
Jaung 2020 94 1 84 2.4% 0.30[0.01, 7.22]
Total (95% CI) 631 631 100.0% 0.98 [0.60 , 1.59]
Total events: 29 30
Heterogeneity: Tau2 = 0.00; Chi2 = 1.52, df = 2 (P = 0.47); I2 = 0% 0.01 01 1 10 100

Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable

Favours no antibiotic

Favours antibiotic

Analysis 1.8. Comparison 1: No-antibiotic vs antibiotic group, Outcome 8: Adverse events

No Antibiotic Antibiotic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chabok 2012 0 314 3 309  50.0% 0.14[0.01,2.71] ¢—— @m—1—
Daniels 2017 0 266 3 262 50.0% 0.14[0.01,2.71] ¢—— @m—F—
Jaung 2020 0 84 0 94 Not estimable
Total (95% CI) 664 665 100.0% 0.14[0.02, 1.13] ‘
Total events: 0 6

Heterogeneity: Tau2 = 0.00; Chi2 = 0.00, df = 1 (P = 1.00); I2 = 0%

0.01

0.1 10 100

Test for overall effect: Z = 1.84 (P = 0.07)
Test for subgroup differences: Not applicable

Favours no antibiotic

Favours antibiotic

Comparison 2. Cefoxitin vs. gentamicin-clindamycin

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 Emergency surgery 1 51 Risk Ratio (M-H, Random, 95% Cl) 0.70[0.11, 4.58]

Analysis 2.1. Comparison 2: Cefoxitin vs. gentamicin-clindamycin, Outcome 1: Emergency surgery

Cefoxitin Gentamicin-clindamycin Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kellum 1992 2 30 21 100.0% 0.70[0.11, 4.58]
Total (95% CI) 30 21 100.0% 0.70 [0.11, 4.58]
Total events: 2

Heterogeneity: Not applicable

0.

01 01 1 10

100

Test for overall effect: Z = 0.37 (P = 0.71)
Test for subgroup differences: Not applicable

Favours cefoxitin

Favours gent-clind
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Comparison 3. Short vs. long-term IV antibiotic treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
3.1 Long-term complications 1 44 Risk Ratio (M-H, Random, 95% 1.00[0.07, 15.00]
Cl)

Analysis 3.1. Comparison 3: Short vs. long-term IV antibiotic treatment , Outcome 1: Long-term complications

Short-term IV treatment Long-term IV treatment Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ribas 2010 1 22 1 22 100.0% 1.00 [0.07 , 15.00]
Total (95% CI) 22 22 100.0% 1.00 [0.07 , 15.00]
Total events: 1 1
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.00 (P = 1.00) Short-term IV Long-term IV

Test for subgroup differences: Not applicable

ADDITIONAL TABLES

Table 1. Outcomes no antibiotics vs antibiotics

Outcomes No antibiotics Antibiotics RR (95 % Cl)

Complications within 30 days 9/665 10/664 0.89 (0.30t0 2.62)
Emergency surgery within 30 days 3/665 7/664 0.47 (0.13 to 1.71)
Recurrence beyond 30 days 121/502 124/522 1.01 (0.81to 1.25)
Complications beyond 30 days 23/502 22/522 1.08 (0.61to0 1.93)
Emergency surgery beyond 30 days 19/502 13/522 1.42 (0.58 to 3.49)
Elective colonic resection 26/502 24/522 1.10(0.41to0 2.97)
Mortality 12/630 16/639 0.98 (0.60 to 1.59)
Adverse events 0/664 6/665 0.14 (0.02 to 1.13)

APPENDICES

Appendix 1. CENTRAL search strategy
Cochrane Central Register of Controlled Trials (CENTRAL; The Cochrane Library, Issue 2 2021)
#1 MeSH descriptor: [Diverticulitis] explode all trees

#2 MeSH descriptor: [Diverticulitis, Colonic] explode all trees
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#3 Diverticulit* (Word variations have been searched)

#4 #1 or#2or#3

#5 MeSH descriptor: [Anti-Infective Agents] explode all trees
#6 Antibiotic* (Word variations have been searched)

#7 Anti-bacterial agent* (Word variations have been searched)

#8 Amoxicillin* or Ampicillin* or Carbapenem™ or Cefadroxil* or Cefotaxime* or Cefoxitin* or Cefpodoxime* or Ceftriaxone* or Cefuroxime*
or Cephalosporin* or Ciprofloxacin® or Clavulanic* or Clindamycin* or Cotrimoxazole* or Doxycycline* or Ertapenem* or Flouroquinolone*
or Gentamicin* or Gentamycin* or Imipenem* or Levofloxacin* or Meropenem* or Mesalazine* or Metramidazole* or Metronidazole* or
Piperacillin* or Quinolone* or Rifaximin* or Tazobactam* or Trimethoprim* (Word variations have been searched)

#9 #5 or #6 or #7 or #8
#10 #4 and #9

Appendix 2. MEDLINE search strategy

Ovid MEDLINE, (sensitivity-maximizing filter), (Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R)
Daily and Ovid MEDLINE(R) 1946 to Present)

1. exp diverticulitis/

2. exp diverticulitis, colonic/
3. diverticulit*.mp.
4.1or2o0r3

5. exp anti-infective agents/
6. antibiotic*.mp.

7. *bacterial infections/dt

8. anti-bacterial agent*.mp.

9. (Amoxicillin* or Ampicillin* or Carbapenem* or Cefadroxil* or Cefotaxime* or Cefoxitin* or Cefpodoxime* or Ceftriaxone* or Cefuroxime*
or Cephalosporin* or Ciprofloxacin* or Clavulanic* or Clindamycin* or Cotrimoxazole* or Doxycycline* or Ertapenem* or Flouroquinolone*
or Gentamicin* or Gentamycin* or Imipenem* or Levofloxacin* or Meropenem* or Mesalazine* or Metramidazole* or Metronidazole* or
Piperacillin* or Quinolone* or Rifaximin* or Tazobactam* or Trimethoprim*).mp.

10.50r60r7o0r8o0r9

11.4and 10

12. randomized controlled trial.pt
13. controlled clinical trial.pt.

14. randomized.ab.

15. placebo.ab.

16. clinical trials as topic.sh.

17. randomly.ab.

18. trial.ti.
19.120r130r14o0rl50rl6o0r17o0r18
20. exp animals/ not humans.sh.

21.19not 20
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22.11and 21

Appendix 3. Embase search strategy
Ovid Embase (1974 to 2021 February)

1. exp diverticulitis/

2. exp colon diverticulitis/
3. diverticulit*.mp.
4.1lor2o0r3

5. exp antiinfective agent/
6. antibiotic*.mp.

7. *bacterial infection/dt
8. antibacterial agent*.mp.

9. (Amoxicillin* or Ampicillin* or Carbapenem* or Cefadroxil* or Cefotaxime* or Cefoxitin* or Cefpodoxime* or Ceftriaxone* or Cefuroxime*
or Cephalosporin* or Ciprofloxacin* or Clavulanic* or Clindamycin* or Cotrimoxazole* or Doxycycline* or Ertapenem* or Flouroquinolone*
or Gentamicin* or Gentamycin* or Imipenem* or Levofloxacin* or Meropenem* or Mesalazine* or Metramidazole* or Metronidazole* or
Piperacillin* or Quinolone* or Rifaximin* or Tazobactam* or Trimethoprim*).mp.

10.50r60r7or8o0r9

11.4and 10

12. CROSSOVER PROCEDURE.sh.

13. DOUBLE-BLIND PROCEDURE.sh.

14, SINGLE-BLIND PROCEDURE.sh.

15. (crossover* or cross over*).ti,ab.

16. placebo*.ti,ab.

17. (doubl* adj blind*).ti,ab.

18. allocat™.ti,ab.

19. trial.ti.

20. RANDOMIZED CONTROLLED TRIAL.sh.
21. random*.ti,ab.
22.120or13o0rl4orl150rl6orl7orl8orl9or20or2l

23. (exp animal/ or exp invertebrate/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans or man or men
orwom?n).ti.)

24.22 not 23
25.11and 24

WHAT'S NEW

Date Event Description
1 March 2021 Amended Peer reviewers and editors comments were incorporated.
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Date Event Description

1 October 2020 New search has been performed An ongoing RCT was published and included in the meta-analy-
sis.

4 September 2019 New citation required but conclusions Review updated and new search has been performed.

have not changed

HISTORY

Protocol first published: Issue 4,2011
Review first published: Issue 11,2012

CONTRIBUTIONS OF AUTHORS

MLD: searches, data extraction, analyses, interpretation of results, drafting of manuscript
SJR: interpretation of results, critical review of manuscript
DMS: protocol (design and method), searches, data extraction, interpretation of results, critical review of manuscript
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This systematic review and meta-analysis has no source of support,
External sources
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This systematic review and meta-analysis has no source of support

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The title was changed from 'Antibiotics for uncomplicated acute diverticulitis' to 'Antibiotics for uncomplicated diverticulitis' because we
believe the term 'acute' is superfluous since diverticulitis is always acute.

A language restriction to English, German, Danish, Norwegian and Swedish trials was stated in the protocol, but all relevant articles were
identified regardless of language.

Both RCTs and quasi-RCTs could be included, but we only identified RCTs in the present search.
No numbers needed to treat for an additional beneficial outcome (NNTB) were calculated as stated in the protocol.

The number of secondary outcomes was increased from six to eight and the phrasing was sharpened; since the protocol was published, the
clinic has changed, which the updated secondary outcomes reflects. A distinction between emergency and elective colon resection and
adverse events was added. Furthermore, the item, '7. Length to recovery of symptoms (days)' secondary outcome replaced two original
outcomes, the '3. Time to recovery of clinical signs' and '4. Time to recovery of signs of infection (fever, leucocytosis, CRP, ESR)" in the
protocol.

INDEX TERMS
Medical Subject Headings (MeSH)
*Anti-Bacterial Agents [therapeutic use]; Colon; *Diverticulitis [drug therapy]; Length of Stay

MeSH check words

Humans
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