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Abstract

Background To evaluate comparative outcomes of outpatient (OP) versus inpatient (IP) treatment and antibiotics (ABX)
versus no antibiotics (NABX) approach in the treatment of uncomplicated (Hinchey grade 1a) acute diverticulitis.
Methods A systematic online search was conducted using electronic databases. Comparative studies of OP versus IP treat-
ment and ABX versus NABX approach in the treatment of Hinchey grade la acute diverticulitis were included. Primary
outcome was recurrence of diverticulitis. Emergency and elective surgical resections, development of complicated diver-
ticulitis, mortality rate, and length of hospital stay were the other evaluated secondary outcome parameters.

Results The literature search identified twelve studies (n=23,875) comparing NABX (n=2,008) versus ABX (n=1,867).
The NABX group showed a lower disease recurrence rate and shorter length of hospital stay compared with the ABX group
(P=0.01) and (P=0.004). No significant difference was observed in emergency resections (P =0.33), elective resections
(P=0.73), development of complicated diverticulitis (P=0.65), hospital re-admissions (P=0.65) and 30-day mortality rate
(P=0.91). Twelve studies (n=2,286) compared OP (n=1,021) versus IP (n=1,265) management of uncomplicated acute
diverticulitis. The two groups were comparable for the following outcomes: treatment failure (P =0.10), emergency surgical
resection (P =0.40), elective resection (P =0.30), disease recurrence (P =0.22), and mortality rate (P=0.61).

Conclusion Observation-only treatment is feasible and safe in selected clinically stable patients with uncomplicated acute
diverticulitis (Hinchey 1a classification). It may provide better outcomes including decreased length of hospital stay. Moreo-
ver, the OP approach in treating patients with Hinchey 1a acute diverticulitis is comparable to I[P management. Future high-
quality randomised controlled studies are needed to understand the outcomes of the NABX approach used in an OP setting
in managing patients with uncomplicated acute diverticulitis.

Keywords Acute diverticulitis - Hinchey 1a - Systematic review
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Acute colonic diverticulitis is a common surgical presen-
tation in the emergency setting [1]. Although the ‘true’
incidence of diverticulosis and diverticular disease remains
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unknown, global prevalence is increasing in both developed
and developing countries and is often linked with dietary
and lifestyle modifications [2].

Colonic diverticula can occur in any part of the colon
but are often localised to the descending and sigmoid seg-
ments. The exact aetiology for the development of these sac-
like protrusions remains unclear, but a number of changes
in the wall of the colon, including loss of elasticity func-
tion, are known to occur [2]. Neuromuscular abnormalities
with changes in the enteric nervous system and collagen
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deposition in the presence of increased intraluminal pressure
are thought to be underlying mechanisms.

Acute diverticulitis ranges in severity from a mild, self-
limiting illness (peri diverticular inflammation limited to
the colonic wall) to a complicated disease characterised by
sepsis, abscess formation, haemorrhage, and perforation
necessitating urgent surgical intervention. Pro-inflammatory
biomarkers such as C-reactive protein (CRP) levels remain
the most useful predictors of disease severity [3].

Multiple clinical and radiological scoring systems are
available for grading diverticulitis [4]. The most widely used
is the Hinchey classification [5], which has since undergone
several modifications following the introduction of com-
puted tomography (CT) [6-8]. These modifications include
additional subcategories considering radiological findings
and range from mild clinical disease (stage 0) to generalised
faecal peritonitis (grade IV) [7]. Consequently, therapeutic
options are broad, including medical management (analge-
sia, probiotics, dietary fibre, antibacterial), radiological (per-
cutaneous interventions), and elective/emergency surgery.

Consensus on optimal treatment is lacking, and the long-
standing recommendation of systemic antibiotics (ABX) to
routinely treat acute diverticulitis has recently been chal-
lenged [9]. Current guidelines suggest the adoption of a
no-antibiotic (NABX) strategy in treating patients with
acute diverticulitis without systemic upset (uncomplicated
cases) [10]. Moreover, in selected patients (immunocom-
petent, tolerating oral intake, low CRP, absence of fever)
with uncomplicated diverticulitis, in addition to omission
of antibacterials, outpatient (OP) management may also be
safe and feasible [1].

We performed a systematic review and meta-analysis of
the available literature to assess outcomes comparing ABX
vs. NABX and inpatient (IP) vs. OP management in patients
presenting with Hinchey Ia disease (defined as confined
pericolic inflammation or phlegmon).

Methods

This systematic review was designed, performed, and
reported as per the recommendations of the Cochrane Hand-
book for Systematic Reviews of Interventions and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [11, 12]. The protocol of this review
was registered in PROSPERO (ID: CRD 42023488826).
Studies included in this analysis for the comparison of
ABX versus NABX treatment were based on the following
PICO (Population, Intervention, Comparator, Outcomes):

P: Patients presenting with primary or recurrent uncom-

plicated diverticulitis (defined as Hinchey stage 1a) diag-
nosed radiologically via a CT scan.

@ Springer

I: Observational treatment without the use of antibacte-
rial therapy.

C: Treatment with intravenous or oral antibiotics.

O: Recurrence of diverticulitis during the maximum
follow-up period, emergency surgical resection, elec-
tive surgical resection, development of complicated
diverticulitis, mortality rate, and length of hospital stay.

Study design This study was conducted as a systematic
review and meta-analysis of comparative studies. Single-arm
studies, case series / case reports, and letters to the editor
were excluded.

For comparison between OP and IP treatment of
patients presenting with acute uncomplicated diverticuli-
tis, the following PICO was used:

P: Patients presenting with primary or recurrent uncom-
plicated diverticulitis (defined as Hinchey stage 1a)
diagnosed radiologically via a CT scan.

I: Outpatient or ambulatory treatment.

C: Inpatient treatment (defined as admission to hos-
pital).

O: Treatment failure, emergency and elective surgical
resection, recurrence of diverticulitis and mortality rate.

Study design This study was conducted as a systematic
review and meta-analysis of comparative studies. Single-
arm studies, case series/case reports, and letters to the editor
were excluded.

Search strategy

Comparative studies comparing OP versus IP treatment or
ABX versus NABX for Hinchey 1a acute diverticulitis were
deemed eligible for inclusion. The literature search was per-
formed using PubMed, MEDLINE, Embase and Cochrane
Central Register of Controlled Trials (CENTRAL) up to and
including 1 December 2023 with no language restrictions.
Moreover, the reference list of the relevant studies was
reviewed manually for potential eligible studies. A combina-
tion of the following search terms was used: “uncomplicated
acute diverticulitis”, “Hinchey la diverticulitis”, “ambula-
tory”, “outpatient”, “inpatient” and “uncomplicated acute
diverticulitis”, “Hinchey la diverticulitis”, “no antibiotics”,
“without antibiotics”, “observation”, “antibiotics”, “anti-
microbial”, “anti-bacterial” to retrieve studies comparing
outpatient versus inpatient treatment and antibiotic versus
no-antibiotic treatment, respectively. Search strategy is out-

lined in Appendix 1.
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Two authors independently searched the previously men-
tioned electronic databases, and two authors reviewed the
extracted studies/data.

Eligibility and study selection criteria

Studies comparing OP versus IP management or ABX
versus NABX treatment for Hinchey 1a acute diverticulitis
were included. Studies comparing patients presenting
with complicated grades of acute diverticulitis (defined as
Hinchey stage 1b, 2, 3 and 4) were excluded. Moreover,
non-comparative (single-arm) studies, case series, and case
reports were also excluded.

Titles and abstracts of selected articles were screened
independently by two authors, and the full text of potentially
eligible articles was retrieved. Disagreements were resolved
through consensus or consultation with the senior author.

Data extraction and outcomes

Two authors extracted data independently and revised by a
third author using an Excel spreadsheet. The information
collected from each study included the name of the author,
year of publication, study design, total number of patients,
inclusion and exclusion criteria, follow-up period, patient
demographics, and relevant outcomes.

In the first comparison (ABX versus NABX), the primary
outcome was disease recurrence. Other measured metrics
(secondary outcomes) were emergency resection rate, elec-
tive resections, development of complicated diverticulitis,
mortality rate, and length of hospital stay.

Treatment failure was considered the primary outcome
for our secondary comparison (OP versus IP management).
Treatment failure was defined as the need for hospital
admission directly related to or as a consequence of index
pathology. Secondary outcomes were emergency surgical
resection, elective resection, recurrence of diverticulitis, and
mortality rate.

Risk of bias assessment

The Cochrane risk of bias tool and the Newcastle-Ottawa
Scale (NOS) were used to assess the risk of bias in the
included RCTs and observational studies [13, 14]. Studies
were considered low, medium, or high risk of bias if the total
NOS score was 9, 7/8, or less than 6, respectively. Disagree-
ments during this process were resolved through discussion
and consultation with the authorship team.

Data synthesis and statistical analyses

The meta-analysis was performed using RevMan version 5.3.
Dichotomous outcomes were pooled with a random-effects

model to estimate the odds ratio (OR) or risk difference
(RD) (where more than three studies reported zero events
in both groups) with a 95% confidence interval (CI).

A mean difference (MD) with 95% CI was estimated for
continuous outcomes. The Hozo et al. [15] equation was
used to estimate mean and standard deviation (SD) when
continuous variables were reported as median and interquar-
tile range (IQR).

The results were considered statistically significant if the
P-value was <0.05 or if the 95% CI did not include 1. Hetero-
geneity was evaluated using the Cochran Q test (x2) and I? sta-
tistic. An I? value exceeding 50% signified significant levels of
heterogeneity, whilst a value of 0% indicated no heterogeneity.

To check for possible sources of heterogeneity and evalu-
ate the robustness of the results, sensitivity analysis was per-
formed by calculating the risk ratio (RR) or RD for dichoto-
mous variables. Moreover, a ‘leave-one-out’ analysis was
conducted to assess each study’s effect individually.

Results
A- Antibiotics versus no antibiotics

Our search yielded twelve studies [16—29] comparing NABX
versus ABX treatment in patients diagnosed with Hinchey 1a
diverticulitis (PRISMA flow chart - Fig. 1). The total num-
ber of patients (n=3,875) was divided between the NABX
group (n=2,008) and the ABX group (n=1,867). Five of
the included studies were multicentric RCTs [17, 18, 21,
22, 24, 25, 27], and two of the included trials (AVOD &

Records identified through database Additional records identified
search through other sources
(n=1985) (n=125)

| |

Records remaining following removal of
duplicates
(n=1922)

} { Identification }

l Records excluded
(n=1687) for the following reasons:
not relevant to topic of interest;
single-arm studies; meta-analyses;
letters to editor; case-series; case
l reports

Screening

Total records screened
(n=1922)

) (

Full-text articles assessed
for eligibility
(n=235) (reporting other interventions,
investigating complicated disease
I ]

Full-text articles excluded
(n=209)

Eligibility

Studies included in
qualitative synthesis
(n=26)

|

26 studies included in quantitative synthesis (meta-analysis) as follows:

)

Included

12 studies comparing outpatient versus inpatient treatment for uncomplicated diverticulitis

14 studies comparing no-antibiotics versus antibiotic treatment for uncomplicated
diverticulitis

[

Fig.1 PRISMA flow chart
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DIABOLO) have been reported in two papers each. Two of
the studies [24, 26] included right-side colonic diverticulitis
exclusively, and three [21, 22, 26] included patients present-
ing with a first episode of acute diverticulitis. Characteristics
of the included studies are summarised in Table 1.

Primary outcome

Disease recurrence during follow-up

All studies Recurrence of diverticulitis during the fol-
low-up period was reported in nine studies, with 3,092
patients (Fig. 2). The total recurrence rate was 19.1%
across the two groups. The NABX group was associated
with a statistically significantly lower risk of disease
recurrence than the ABX group [16% vs. 22.5%, OR: 0.66
(0.84,0.90) 95% CI, P=0.01]. Cochran’s Q test demon-
strated substantial heterogeneity amongst the included
studies [I*=53%, P=0.03].

Subgroup analysis Subgroup analysis showed a non-
statistically significant trend towards lower recurrence rate
in the NABX group as follows: RCTs only [20.4% NABX
vs. 21% ABX, OR: 0.97, P=0.82], right-sided diverticulitis
[5.8% NABX vs. 10.3% ABX, OR: 0.56 (0.21, 1.50) 95%
CI, P=0.25], and first episode of acute diverticulitis [10%
NABX vs. 13.4% ABX, OR: 0.64 (0.33, 1.26) 95% ClI,
P=0.20] (Appendix 2).

Secondary outcomes

The pooled analysis of emergency and elective resections
showed no statistically significant difference between the
two comparison groups [0.9% NABX vs. 1.1% ABX, RD:
-0.00 (-0.01, 0.00) 95% CI, P=0.33] and [3.2% NABX vs.
2.6% ABX, OR: 1.14 (0.54, 2.43) 95% CI, P=0.73], respec-
tively (Fig. 2).

Moreover, the two groups also showed comparable
results with the following: development of complicated
diverticulitis [2.6% NABX vs. 2.9% ABX, OR: 0.90
(0.56, 1.43) 95% CI, P=0.65], Diverticular abscess
[0.7% NABX vs. 0.3 ABX, OR 2.04 (0.47, 8.77) 95% ClI,
P =0.34], perforation [0.9% NABX vs. 0.8% ABX, OR
1.15(0.29, 3.35) 95% CI, P =0.80], fistula [0.5% NABX
vs. 0.3% ABX, OR 1.05 (0.29, 3.75) 95% CI, P=0.94],
re-admissions [13.6% NABX vs. 11% ABX group, OR:
1.12 (0.71, 1.77) 95% CI, P =0.65] and 30-day mortality
[2.6% NABX vs. 3.0% ABX, OR: 0.97 (0.57, 1.64) 95%
CI, P=0.91] (Fig. 2).

@ Springer

Length of hospital stay was reported in 10 studies (n=3,430
patients). The NABX group revealed a significantly shorter
length of stay compared with the ABX group [3.2+2.2 days
in the NABX group vs. 4.1 +3.2 days in the ABX group, MD:
-0.68 (-1.14, -0.22) 95%, P=0.004] (Fig. 2).

B- Outpatient versus inpatient management

Our search yielded twelve studies [23, 30—40] comparing OP
vs. IP management of patients diagnosed with Hinchey 1a
diverticulitis (PRISMA flow chart - Fig. 1). A total of 2,286
patients were divided into the OP group (n=1,021) and the
IP group (n=1,265). A single study was a multicentric RCT
[37]; the remainder were observational studies [23, 30-36,
38—40]. Various treatment strategies were employed in the
included studies. These included a conservative NABX
approach [23, 36, 39], oral ABX for OP treatment and intra-
venous ABX for IP’s [30-33, 37, 38, 40], and finally intra-
venous ABX for all patients [34, 35].

Baseline characteristics of the included studies are sum-
marised in Table 2.

Primary outcome

Treatment failure was reported in eight studies with an overall
rate of 13.5% (Fig. 3). This was comparable in patients treated
either in the OP or IP setting [11.1% OP vs. 15.7% IP, OR: 0.75
(0.53, 1.01) 95% CI, P=0.10]. Cochran’s Q test level of hetero-
geneity was low between the included studies [I>=0%, P=0.43].

Secondary outcomes

Emergency surgical resection, elective resection, and recur-
rence rates were reported to be lower in the OP group com-
pared to IP (non-statistically significant difference) [0.97%
OP vs. 3.0% IP, RD: -0.01 (-0.02, 0.01) 95% CI, P=0.40],
[7.2% OP vs. 9.8% 1P, OR: 0.73 (0.40, 1.33) 95% CI,
P=0.30], and [20% OP vs. 26.5% IP, OR: 0.82 (0.59, 1.13)
95% CI, P=0.22], respectively (Fig. 3).

Moreover, the mortality rate during the follow-up period
reported in three studies was also similar between the two
groups [0% OP vs. 0.4% IP, RD: -0.00 (-0.02, 0.01) 95% CI,
P=0.61] (Fig. 3).

Cost difference

The mean financial cost of IP vs. OP treatment of patients
presenting with stage 1a acute diverticulitis was reported in
four studies [31, 33, 35, 37] and was significantly lower in
the latter group (Table 3).
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Table 1 (continued)

Hinchey stage and
follow-up duration

(months)

Inclusion and Exclusion criteria

Number

Study Type

Country

Study

of patients

mean + SD/

media;(range)

Uncomplicated AD

24 months

NABX: 182 Inclusion criteria: uncomplicated AD on CT,

ABX: 179

Prospective Cohort

Spain

Serrano Gonzalez et al. [29]

age between 18-70 years, ASA I-I1I, sufficient
social and/or family support, patient able to

tolerate orally

Exclusion criteria: complicated AD (evidence of

stenosis, abscess, pneumoperitoneum or fistula
on CT, or signs of haemorrhage, obstruction or

sepsis), pregnancy, immunosuppressed patients,

BMI>40 k

g/m2

NABX no antibiotics, ABX antibiotics, AD acute diverticulitis, CT computed tomography, RCT randomised controlled trial, BMI body mass index, SD standard deviation

Sensitivity analysis

The direction of the pooled effect size remained unchanged
when RR or RD was calculated for dichotomous variables.
Furthermore, the leave-one-out analysis has not demon-
strated important discrepancies with the original analysis.

Risk of bias assessment

The included six RCTs reported random sequence generation,
while allocation concealment was reported in five studies [17,
18,21, 22, 24,25, 27]. Blinding of participants and personnel
was attempted in two studies [24, 27], whereas blinding of
outcome assessor was attempted in only one study [27]. The
risk of detection and performance bias remains unclear or high
in the rest of the studies. Additionally, three studies were con-
sidered to have a high risk of attrition bias [17, 18, 21, 22, 24].
An overview of the risk of bias is shown in Fig. 4.

Risk of bias assessment for the observational studies is
shown in Table 4.

Discussion

Colonic diverticulosis is common in developed countries,
and complications can range from mild attacks to perfora-
tions and peritonitis requiring emergency surgery. We per-
formed a systematic review and meta-analysis comparing the
need for antibacterial therapy and IP vs. OP management in
patients presenting with acute uncomplicated diverticulitis
(Hinchey stage 1a).

For the former, twelve studies [16-29] with a total of
3,875 patients divided into a NABX group (n=2,008) and
ABX group (n=1,867) were included. For management in
the IP vs. OP setting, twelve studies [23, 30—40] with 2,286
patients (OP, n=1,021; IP, n=1,265) were included.

The resulting analysis showed a combined significantly
lower risk of disease recurrence and shorter hospital stay
in patients treated without ABX. Developing complicated
grades of diverticulitis, hospital re-admissions, need for
emergency and/or elective surgical intervention, and
30-day mortality rates were similar between the two treat-
ment groups (ABX vs. NABX).

In addition, there was no difference between the two
groups when managed as an OP in comparison with IP
treatment for parameters including disease recurrence,
treatment failure and mortality rates. Perhaps unsurpris-
ingly, OP management was significantly cheaper. Our
findings are in agreement with previous literature [41].

Several systematic reviews have reported outcomes follow-
ing the omission of ABX in patients with acute uncomplicated
diverticulitis [41-45]. Disease recurrence rate has previously

@ Springer
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Fig.2 Forest plots of the 1- Disease recurrence during follow-up
measured outcomes compared NABX ABX Odds Ratio Odds Ratio
between the no-antibiotic group Study or Subgroup  Events Total Events Total Weight M-H, R 95% Cl_Year M-H, R: 95% CI
it Hjern 2007 53 193 33 118 145% 0.98 [0.58,1.63] 2007 -
(NABX) and the antibiotic De Korte 2012 14 191 12 81 9.0% 0.45([0.20,1.03] 2012
group (ABX) AVOD trial 2012 86 200 88 292 183% 0.98[0.68,1.38] 2012 -+
Brochmann 2016 g 174 5 46 55% 0.40[0.12,1.27] 2016 —
DIABOLO trial 2016 35 262 36 266 14.8% 0.99 [0.60,1.62] 2016 i
Kim 2019 g 64 B 61 5.0% 0.78[0.22,2.69] 2019 I E—
Lee 2021 2 55 B 55 31% 0.31 [0.06,1.60] 2021 —
Azhar 2022 31 195 96 388 16.0% 0.57 [0.37,0.80] 2022 —
Gonzalez 2023 23 182 53179 13.9% 0.34 [0.20,0.59] 2023 —_
Total (95% CI) 1606 1486 100.0% 0.66 [0.48, 0.90] L 3
Total events 257 335
Heterogeneity: Tau= 0.10; Chi*=17.06, df= 8 (P = 0.03); F= 53% ID 01 051 150 1DD=
Test for overall effect: 2= 2.63 (P = 0.008) Favours [NABX] Favours [ABX]
2- Emergency surgical resection
NABX ABX Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, R: 95% Cl_Year M-H, Rand 95% CI
Hjern 2007 o 183 3 118 3.2% -0.03 [-0.06, 0.01] 2007 —
De Korte 2012 B 13 3 81 1.4% -0.01 [-0.05, 0.04] 2012
AVOD trial 2012 1 309 3 34 200% -0.01 [0.02,0.01] 2012 —T
Brachmann 2016 1] 64 1] 61 3.3% 0.00[0.03,0.03] 2016 . E—
DIABOLO trial 2016 8 262 5 266 4.5% 0.01 [-0.01,0.04] 2016 I —
Ferrer 2016 1] 45 1) 32 1.2% 0.00 [-0.05, 0.05] 2016 —
Jaung 2021 1] 94 1 g4 3% -0.01 [-0.04, 0.02] 2021 -1
Lee 2021 1] 55 1) 55 26% 0.00 [-0.03,0.03] 2021 I —
Mora-Lopez 2021 0 242 0 238 47.3% 0.00 [-0.01,0.01] 2021
Ganzalez 2023 0182 1178 13.4% -0.01 [0.02, 0.01] 2023
Total (95% CI) 1637 1428 100.0% -0.00 [-0.01, 0.00]
Total events 15 16
Heterogeneity: Tau®= 0.00; Chi*= 4.54, df= 9 (P = 0.87), F= 0% t t T + t
S - -0.1 -0.05 0 0.05 0.1
Testfor overall effect: Z=0.97 (P = 0.33) Favours [NABX] Favours [ABX]
3- Elective surgical resection
NABX ABX Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, R 95% Cl Year M-H, R 95% CI
AVOD trial 2012 9 309 14 314 400% 0.64 [0.27,1.51] 2012 — &
DIABOLO trial 2016 17 262 10 266 42.5% 1.78[0.80, 3.96] 2016 T
Erochmann 2016 2 174 1 46 8.7% 0.52[0.05,5.80] 2016
Azhar 2022 2 195 1 388 8.8% 4.01[0.36, 44.50] 2022 T
Total (95% CI) 940 1014 100.0% 1.14 [0.54, 2.43] -
Total events i} 26
Heterogeneity: Tau?= 0.18; Chi*= 4.36, df= 3 (P = 0.23); F= 31% :El 01 051 1:E| 100:
Test for overall effect Z=0.35(P=0.73) Favours [NABX] Favours [ABX]
4- Development of complicated diverticulitis
NABX ABX Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H,R 95% Cl_Year M-H, R 95% CI
AVOD trial 2012 12 309 14 314 351% 0.87 [0.39,1.80] 2012 —a—
De Korte 2012 71 5 81 1587% 0.58[0.18,1.88] 2012 —
DIABOLO trial 2016 11 262 8 266 25.3% 1.41 [0.56, 3.57] 2016 T
Erochmann 2016 1 174 1) 46 21% 0.80[0.03, 20.06] 2016
Ferrer 2016 i} 44 0 32 Not estimahle 2016
Lee 2021 1) 45 1) 55 Not estimable 2021
Azhar 2022 4 185 11 388 16.2% 0.72[0.23,2.28] 2022 S
Gonzalez 2023 2 182 2 179 5.6% 0.98[0.14, 7.06] 2023
Total (95% CI) 1413 1361 100.0% 0.90 [0.56, 1.43] Rl
Total events a7 40
Heterogeneity: Tau®= 0.00; Chi*=1.62, df=5 (P = 0.90); F= 0% .01 T 10 100
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Fig.2 (continued)

5- Development of diverticular abscess

NABX ABX Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, R 95% Cl_Year M-H, R 95% CI
AVOD trial 2012 3309 0 314 242% 7.181[0.37,139.64] 2012
DIABOLO trial 2016 2 262 2 266 551% 1.02[0.14,7.26] 2016
Ferrer 2016 1) 45 1] 32 Mot estimahle 2016
Gonzalez 2023 1 182 0 179 207% 297[012,73.32) 2023 e
Total (95% CI) 798 791 100.0% 2.04[0.47,8.77] R
Total events B 2
Heterogeneity: Tau®= 0.00; Chi*=1.27, df=2 (P=053); F=0% I t t |
o ~ 0.001 01 10 1000
Test for overall effect: Z=0.95 (P =0.34) Favours [NABX] Favours [ABX]
6- Development of diverticular fistula
NABX ANX Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Rand: 95% Cl Year M-H, 95% CI
AVOD trial 2012 1 309 0 314 159% 3.06[012,75.36) 2012 i
De Karte 2012 3191 1 81 31.4% 1.281[013,12.46) 2012 I
DIABOLO trial 2016 1 262 1 266 211% 1.02[0.06,16.32] 2016 —
Brochmann 2016 1 174 1] 46 157% 0.80[0.03, 20.06] 2016 ——
Gonzalez 2023 0 182 1 179 158% 0.33[0.01,8.06] 2023 . E—
Total (95% CI) 1118 886 100.0% 1.05[0.29, 3.75] ’
Total events 6 3
Heterogeneity: Tau®= 0.00; Chi®= 0.99, df= 4 (P = 0.91); F= 0% I + + d
o ~ 0.001 0.1 10 1000
Test for overall effect: Z=0.07 (P =0.94) Favours [NABX] Favours [ABX]
7- Development of diverticular perforation
NABX ABX Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Rand: 95% Cl Year M-H, 95% CI
AVOD trial 2012 3309 3 34 445% 1.02[0.20,5.07] 2012
DIABOLO trial 2016 3 262 3 266 44.4% 1.02[0.20,5.08] 2016
Gonzalez 2023 1 182 o 179 11.2% 2.97[012,73.32) 2023
Total (95% CI) 753 759 100.0% 1.15[0.39, 3.35]
Total events 7 4
?et?;ﬁgenemﬁT?fu :ZD_DB, §5h|P=_DU.3880, df=2(P=0.83),F=0% o1 o1 1 1 100
estfor overall effect: 2=0.25 (P = 0.80) Favours [NABX] Favours [ABX]
8- Re-admission to hospital
NABX ABX Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Rand 95% Cl Year M-H, 95% CI
Hjern 2007 51 193 32 118 34.0% 0.97 [0.58, 1.62] 2007 ——
DIABOLO trial 2016 46 262 32 266 37.5% 1.56 [0.96, 2.54] 2016 Bl
Ferrer 2016 7 45 4 32 6.0% 1.29[0.34, 4.84] 2016 N —
Brochmann 2016 2 174 0 46 1.2% 1.35[0.06, 28.56] 2016
Jaung 2021 10 94 ] 84 8.4% 1.88[0.62,5.75] 2021 ]
Lee 2021 a 55 ] 55 Mot estimahle 2021
Mora-Lopez 2021 g 242 14 238 129% 0.55(0.23,1.33] 2021 ——
Total (95% CI) 1065 839 100.0% 1.16 [0.83, 1.61] >
Total events 124 a7
Heterogeneity: Tau?= 0.01; Chi*= 539, df= 5 (P=0.37); F= 7% lﬂ ) 051 150 1DU=
Test for overall effect: Z=0.88 (P = 0.38) Favours [NABX] Favours [ABX]
9- 30-day mortality
NABX ABX Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H,R 95% Cl Year M-H, R 95% CI
Hjern 2007 0o 183 o 118 Mot estimable 2007
AVOD trial 2012 26 309 28 314 88.4% 0.94 [0.54, 1.64] 2012
De Korte 2012 1 191 1 181 3.6% 0.95[0.06,15.26] 2012
DIABOLO trial 2016 3 262 1 266 5.4% 3.07[0.32,29.70] 2016 —
Brochmann 2016 0 64 0 61 Notestimable 2016
Jaung 2021 0 94 1 84 27% 0.29[0.01,7.33] 2021 —
Total (95% CI) 1113 1024 100.0% 0.97 [0.57, 1.64] <
Total events 30 kil
Heterogeneity: Tau®= 0.00; Chi*= 1.53, df= 3 (P = 0.67); F= 0% + + t +
o ~ 0.002 01 10 500
Test for overall effect Z=0.11 (P =0.91) Favours [NABX] Favours [ABX]
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Fig.2 (continued)

NABX

10- Length of Hospital stay

Total Mean [Days] SD [Days]

ABX Mean Difference

Weight IV, Random, 95% CI

Mean Difference

Total Year IV, Random, 95% CI

Study or Subgroup _ Mean [Days] SD [Days]
Hjern 2007 335 25
De Korte 2012 7 5
AVOD trial 2012 29 16
DIABOLO trial 2016 2 06
Brochmann 2016 15 12
Kim 2019 53 08
Mora-Lopez 2021 25 2
Jaung 2021 19 0.2
Lee 2021 3 09
Azhar 2022 3 03
Total (95% CI) 1

Heterogeneity: Tau®= 0.49; Chi*= 794.20, df= 8 (P < 0.00001); F=99%

Test for overall effect Z= 2.90 (P = 0.004)

been reported as being similar between patients treated with
ABX and the NABX group [41-45], which is contradictory to
our results. This could be explained by our larger sample size
and the inclusion of more studies. Moreover, our meta-analysis
analysed subgroups, including patients with right-sided diver-
ticulitis and those presenting with a first episode. The most
recent study by Poh et al. [45] showed similar results to the
present review for outcomes, including diverticulitis compli-
cations, mortality rate, and emergency surgical intervention.

Evidence from trial and observational data suggests that
routine ABX use is unnecessary. The open-label, randomised,
multi-centre DINAMO study [25] demonstrated the non-
inferiority of NABX treatment for hospital re-attendance,
pain control, development of complications, and the need
for emergency surgery. Another double-blind, placebo-
controlled, multicentre RCT [27] in patients with Hinchey
la also demonstrated non-inferiority of this approach.

The DIABLO study [21, 22] comparing ABXs with
symptomatic treatment in adults with a first episode of
acute uncomplicated diverticulitis reported no difference in
time to recovery, with a shorter length of hospital stay in
the NABX group. However, reattendance to hospital emer-
gency departments was higher in this group. Disease recur-
rence and emergency surgical resection rates were identical
between the two groups.

The open-label AVOD trial [17, 18] comparing ABX
regimens with just intravenous fluids in patients with CT-
confirmed disease also found no difference in primary
outcomes, including the development of complications
and the need for emergency surgical intervention. Recur-
rence rates and length of stay were no different between the
study groups. However, long-term results suggest a possible
increase in recurrent attacks and the need for surgical resec-
tion in the latter group. In addition to trial data, observa-
tional studies [46] have also demonstrated the efficacy of
the NABX strategy. In a cohort of 155 patients, 97.4% were
treated as OPs without the need for ABX.

Published guidelines also suggest the selective rather
than routine approach to the use of anti-bacterial therapy.
These include the American Gastroenterological Associa-
tion Institute [47] and the World Society of Emergency Sur-
gery [1]. The latter recommends NABX use in systemically

@ Springer
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well, immune-competent patients. In line with others, the
National Institute for Health and Care Excellence (NICE)
guidelines [10] also suggest adopting a NABX prescribing
strategy in systemically well patients with acute diverticuli-
tis and instead offering symptomatic treatment and a period
of observation.

Cost analysis comparing oral ABXs in the community
was associated with a cost saving of approximately £1100/
patient compared with hospital admission and administra-
tion of intravenous ABX [37]. Based on these findings, an
NABX approach in an OP setting would presumably lead
to even greater cost savings in depleted healthcare systems.

Despite the presence of mainly low-quality and sparse
evidence, uncomplicated acute diverticulitis has routinely
been treated with antibacterial therapy. NABX manage-
ment for uncomplicated disease was first described by
Hjern et al. [16] and appeared to be safe with no increase
in the likelihood of adverse events. This thinking was fur-
ther challenged as acute diverticulitis was thought of as an
inflammatory disorder rather than an infectious condition,
further questioning the rationale for the use of ABXs.

Extensive, unwarranted ABX use has several draw-
backs, including financial costs, risk of adverse events,
and the development of opportunistic severe infections
(clostridium difficile) [48]. Additionally, the overuse
of ABXs is a real concern for increasing antimicrobial
resistance (AMR) and reducing the clinical efficacy of
these drugs.

This meta-analysis is not without its limitations,
which need to be considered when interpreting our find-
ings. The main limitation of this review is that most
of the included studies are observational and inherently
carry a high risk of selection bias. To overcome this
risk, we performed subgroup analysis for RCTs alone
for the primary outcome (disease recurrence rate). This
showed no significant difference between the two groups
(ABX vs. NABX) compared with the significant differ-
ence seen when all studies are included. This difference
could be due to the allocation of elderly/frail and unwell
patients with clinical risk for recurrence to the ABX
group. Some of the reported outcomes showed high het-
erogeneity due to the various methodologies employed
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Table 2 Baseline characteristics of included studies comparing outpatient versus inpatient treatment for patients with uncomplicated diverticulitis

Study Country Study Type Number Inclusion and Exclusion Hinchey stage and follow-up
of patients criteria and treatment duration (months)
approach mean + SD/
median(range)
Alonso et al. [30] Spain Prospective Cohort ~ OP: 70 Inclusion criteria: Uncomplicated AD
IP: 26 uncomplicated AD with the ~ 39+23 months

following finding on CT scan:
colonic wall thickening and/
or soft tissue stranding of the
pericolic fat.

Exclusion criteria: inability
to tolerate oral intake,
comorbidity (diabetes
mellitus, heart failure,
renal insufficiency, chronic
obstructive pulmonary
disease) and lack of adequate
family or social support.

Treatment approach: oral
ABX (OP group) and IV

ABX (IP group).
Park et al. [31] Korea Prospective Cohort ~ OP: 40 Inclusion criteria: first Uncomplicated AD
1P: 63 attack of AD, inflamed 21 months (4-40)

diverticulum, phlegmon
formation, and <3 cm
abscess formation on CT.

Treatment approach: oral
ABX (OP group) and IV
ABX (IP group).

Lorente et al. [32] Spain Retrospective Cohort OP: 90 Inclusion criteria: Uncomplicated AD
IP: 46 uncomplicated AD (CT 17 +5 months

scan: presence of diverticula
with colon wall thickening
(>4 mm) or peri-colonic
fat stranding), tolerance
to oral intake, absence of
comorbidities and adequate
family or social support.

Treatment approach: oral
ABX (OP group) and IV
ABX (IP group).

Moya et al. [33] Spain Prospective Cohort ~ OP: 32 Inclusion criteria: age <90 Ambrosetti’s grades Ia & Ib
IP: 44 years, grades Ia/Ib of 6 months

Ambrosetti’s AD on CT,
immunocompetent, tolerating
oral feeding, no severe sepsis,
social support.

Exclusion criteria: patients
with complicated AD.

Treatment approach: oral
ABX (OP group) and IV
ABX (IP group).
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Table 2 (continued)

Study Country Study Type Number Inclusion and Exclusion Hinchey stage and follow-up
of patients criteria and treatment duration (months)
approach mean + SD/
median(range)
Rueda et al. [34] Spain Retrospective Cohort OP: 38 Inclusion criteria: <80 Hinchey I and 1T
IP: 18 years of age, clinical signs

suggesting the existence of
AD and absence of clinical
signs of complications such
as peritonitis, vomiting, or
severe abdominal distention,
CT indicating Hinchey I-II,
and social support.
Treatment approach: IV ABX

both OP and IP groups.
Rodriguez-Cerrillo et al. [35] Spain Prospective Cohort ~ OP: 34 Inclusion criteria: patients Uncomplicated AD
IP: 19 with uncomplicated AD on
CT.

Exclusion criteria:
patients with complicated
diverticulitis, p-lactam allergy
or who required admission
to the hospital for other

pathology.
Treatment approach: IV ABX
both OP and IP groups.
Unlii et al. [36] Netherlands Retrospective Cohort OP: 118 Exclusion criteria: recurrent ~ Hinchey Stage 1a
IP: 194 diverticulitis, complicated 48 months

diverticulitis (fistula,
stenosis, Hinchey 2, 3 and 4),
right-sided diverticulitis, no
follow-up.

Treatment approach: 5.9%
(OP group) received ABX
and 19.1% (IP group).

DIVER trial Spain Multicentric RCT OP: 66 Inclusion criteria: Hinchey stage 1a
(Biondo et al. [37]) IP: 66 patients > 18 years of age 2 months
with uncomplicated AD
(Hinchey stage 1a) can
tolerate oral intake and social
support.
Exclusion criteria:
complicated AD (Hinchey
stage > la), pregnancy
or breastfeeding; on
antibiotic; colorectal cancer
suspicion at CT, unstable
comorbid conditions;
immunosuppression,
intolerance to oral intake and
vomiting.
Treatment approach: oral
ABX (OP group) and IV
ABX (IP group).

@ Springer
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Table 2 (continued)

Study Country Study Type Number Inclusion and Exclusion Hinchey stage and follow-up
of patients criteria and treatment duration (months)
approach mean + SD/
median(range)
Estrada Ferrer et al. [23] Spain Prospective Cohort  OP: 36 Inclusion criteria: age 18-80, Mild AD (mNeff 0)
1P: 9 no AD episode in the last 6 months (3—12)

3 months, mild AD on CT,
immunocompetence (no
corticosteroid therapy), no
significant comorbidities
(diabetes mellitus, renal
insufficiency, morbid
obesity), good oral tolerance,
and good symptom control by
oral medication.

Treatment approach: NABX
in either group (IP and OP).

Joliat et al. [38] Switzerland Retrospective Cohort OP: 171 Inclusion criteria: >18 years ~ Uncomplicated AD
IP: 369 old and CT-based diagnosis ~ OP: 46.5 months
of uncomplicated AD IP: 59.5 months

Exclusion criteria: patients
requiring immediate
percutaneous drainage
or surgery, complicated
diverticulitis (perforation,
pneumoperitoneum, presence
of fistula), intra-abdominal or
pericolic abscess, bleeding, or
stenosis.

Treatment approach: oral
ABX (OP group) and IV

ABX (IP group).
Bolkenstein et al. [39] Netherlands Retrospective Cohort OP: 264 Inclusion criteria: adult>18  Hinchey Stage 1a
IP: 301 years of age presenting with a 1 month
first episode of
uncomplicated AD on CT

(Hinchey stage 1a)
Exclusion criteria:
immunocompromised with
signs of sepsis or received
antibiotics within 24 h
after or 2 weeks before
presentation.
Treatment approach: NABX
in either group (IP and OP).

Teke et al. [40] Turkey Retrospective Cohort OP: 62 Inclusion criteria: Hinchey Stage 1a
IP: 110 uncomplicated AD (modified 1 month

Hinchey 1a) on CT scan.

Exclusion criteria: patients
under 18 years old and
complicated diverticulitis.

Treatment approach: oral
ABX (OP group) and IV
ABX (IP group).

OP out-patient group, /P in-patient group, AD acute diverticulitis, CT computed tomography, ABX antibiotics, SD standard deviation, RCT ran-
domised controlled trial, /V intravenous
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1- Treatment failure

oP P Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI Year M-H, Random, 95% CI
Rueda 2012 g 38 g 18  7.2% 0.69[0.19,2.53] 2012 .
Moya 2012 2 32 3 44 3.5% 0.91 (014, 580] 2012 Y E—
Larente 2012 5 90 2 46 4.3% 1.29[0.24,6.94] 2012 e
DIVER trial 2014 3 [} 4 BE  51% 0.74[0.16,3.43] 2014 R
Ferrer 2016 5 32 4 23 58% 0.88[0.21,3.71] 2016 — —
Joliat 2017 40 98 70 169 46.8% 0.98 [0.59,1.62] 2017 -
Bolkenstein 2018 12 264 34 301 26.0% 0.37[0.19,0.74] 2018 —a
Teke 2022 1 62 o 110 1.2% 5.39[0.22,134.34] 2022 —
Total (95% Cl) 682 777 100.0% 0.75[0.53, 1.06] L
Total events 76 122

i 2_ CChiE= — - R= t t t t
e el
: : : Favours [OF] Favours [IP]

2- Emergency surgical resection

op P Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Larente 2012 a 60 i} 46 16.5% 0.00[-0.04,0.04] 2012 -
Moya 2012 a 32 1} 44 8.4% 0.00 [-0.05,0.05] 2012 I
Unlu 2013 1 118 3 194 39.3% -0.01 [-0.03,0.02] 2013 -
DIVER trial 2014 0 66 i} 66 26.6% 0.00[-0.03,0.03] 2014 -
Ferrer 2016 0 36 i} 9 11% 0.00[0.14,014] 2016 ]
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Fig. 3 Forest plots of the measured outcomes compared between the outpatient group (OP) and the inpatient group (IP)
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Table 3 Comparison of the mean cost of outpatient vs. inpatient treatment (per patient per episode of diverticulitis)

Study Outpatient treatment Inpatient treatment P-value
(€ - EUR) (€ - EUR)

Park et al. [31] 1164 +128 1789 +152 0.001

Moya et al. [33] 347.31 1945.26 <0.05

DIVER trial (Biondo et al. [37]) 547.05 1671.75 NA

Rodriguez-Cerrillo et al. [35] The cost of each patient treated at home was 1368 EUR cheaper than those treated in the hospital.

NA not available
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by individual studies. Moreover, data regarding type,
route, and duration of ABX use was understandably var-
ied between the studies as the antimicrobial guidelines
differ between centres and geographical locations in
which these studies were conducted.

The duration of follow-up was inconsistent amongst
the included studies and insufficient for long-term out-
comes to be assessed in a robust and vigorous manner.
Despite the aforementioned limitations and the fact that
several meta-analyses have been published investigat-
ing the role of NABXs in treating uncomplicated acute
diverticulitis, we believe this review is unique as it is the
first to demonstrate ABX treatment increases the risk of
disease recurrence. Additionally, by including recently
published studies, this review provides an update to the
available evidence supporting a NABX approach and the
OP management for patients presenting with uncompli-
cated acute diverticulitis.

Conclusions

Observation-only treatment is feasible and safe in selected
clinically stable patients with uncomplicated acute diver-
ticulitis (Hinchey la classification). It may decrease the
length of hospital stay and the risk of disease recurrence.
Moreover, the OP approach can be considered in care-
fully selected patients. Future rationally designed, well-
powered, randomised, placebo-controlled trials are needed
to understand the outcomes of the NABX approach used
in an OP setting in managing patients with uncomplicated
acute diverticulitis.
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