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Background: The optimal antibiotic regimen for the medical management of acute appendicitis remains un-
known due to a lack of head-to-head comparisons between different antibiotic regimens.

Methods: We systematically searched the PubMed, EMBASE, Scopus and Cochrane Central Register of
Controlled Trials databases from their inception through to August 2020. We selected randomized controlled
trials (RCTs) or observational studies comparing antibiotic therapy and appendectomy as the initial treatment
for adult or paediatric patients with acute appendicitis. We performed a Bayesian network meta-analysis
(NMA) to obtain the indirect comparison results between different antibiotic regimens by employing the group
managed by surgery as a common comparator. Antibiotic regimens were classified into three categories:
those including a carbapenem; those including a cephalosporin; and those including a b-lactam/b-lactamase
inhibitor combination.

Results: A total of 9 RCTs (adults, n = 8; paediatrics, n = 1) and 12 observational studies (adults, n = 3;
paediatrics, n = 9) were included in the NMA, with a total of 4551 patients. The most commonly adminis-
tered regimen was a b-lactam/b-lactamase inhibitor combination (9/21; 43%), followed by a cephalosporin
(7/21; 33%) or a carbapenem (5/21; 24%). The NMA indicated that surgery significantly increased 1 year
treatment success, compared with cephalosporins [OR: 16.79; 95% credible interval: 3.8–127.64] or
b-lactam/b-lactamase inhibitor combinations (OR: 19.99; 95% credible interval: 4.87–187.57), but not
carbapenems (OR: 3.50, 95% credible interval: 0.55–38.63). In contrast, carbapenems were associated
with fewer treatment-related complications compared with surgery (OR: 0.12; 95% credible interval:
0.01–0.85).

Conclusions: Carbapenems might be recommended as the initial antibiotic regimen for the non-operative man-
agement of adult patients with acute appendicitis. Nevertheless, due to the imprecise estimates in our NMA,
additional RCTs are needed to corroborate these findings, especially for paediatric patients.

VC The Author(s) 2021. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For permissions, please email: journals.permissions@oup.com.
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Introduction

Acute appendicitis is the most common cause of abdominal sur-
gery, accounting for about 11%–23% of patients presenting to
emergency departments with acute abdominal pain.1 The recom-
mended treatment for acute appendicitis has been emergency
appendectomy for more than a century.2 Current guidelines3

recommend laparoscopic appendectomy as the first choice when
laparoscopic equipment and skilled surgeons are available, even
for complicated appendicitis.4

Although emergency appendectomy is well tolerated by most
patients, in the NOTA study Di Saverio et al.5 indicated that during
2 years of follow-up less than 14% of patients with appendicitis
who were treated non-operatively experienced recurrence, sug-
gesting appendicitis might be safely and effectively treated with
antibiotics. Nevertheless, the meta-analysis by Podda et al.6 found
that with respect to both initial and 1 year treatment success rate,
medical management with antibiotics was inferior to appendec-
tomy, with the 1 year rate of recurrence of appendicitis reaching as
high as 30%–40%.

However, emergency appendectomy carries its own set of
risks. Post-operative complications occur in about 2%–23% of
patients.7,8 Approximately 3% of patients undergoing appendec-
tomy were hospitalized for intestinal obstruction caused by post-
operative adhesions over a 10 year follow-up period.9,10 Given this
risk–benefit profile, in patients whose diagnosis is clinically or
radiologically equivocal and who express a strong objection to an
operation or have concomitant comorbidities, guidelines suggest
that it may be justified to proceed with antibiotic treatment first,
allowing for appendectomy to serve as the rescue therapy.3

Current guidelines do not recommend a specific antibiotic regi-
men for acute appendicitis.3 Hence, variations in the comparator
antibiotics in previous studies comparing medical management
with emergency appendectomy6 have led to substantial between-
study heterogeneity in treatment efficacy. We attempted to
reduce this heterogeneity by using a network meta-analysis
(NMA) framework in order to identify the optimal antibiotic regi-
men for the medical management of acute appendicitis in both
adult and paediatric populations.

Materials and methods
The current systematic review and NMA were performed in accordance
with the PRISMA extension statement for reporting of systematic reviews
incorporating network meta-analyses of healthcare interventions11 and
was registered in PROSPERO (CRD42020210602).

Data sources and search strategy
Two investigators (C.-C.Y. and C.-H.W.) independently searched PubMed,
EMBASE, Scopus and the Cochrane Central Register of Controlled Trials
(CENTRAL) databases from inception (PubMed, 1997; EMBASE, 1947;
Scopus, 1966; and CENTRAL, 1996) until August 2020 to identify relevant
studies. The search strings were constructed using the following terms:
(a) patient: acute appendicitis; (b) intervention: antimicrobial, antibiotic,
anti-infective, conservative, non-operative or antibacterial; and (c)
comparator: appendectomy, appendicectomy, operation, surgery, op-
erative, surgical or non-conservative. For detailed search strings see
Table S1, available as Supplementary data at JAC Online. No restrictions
were set on publication year or language. To ensure completeness, we

screened relevant review articles and meta-analyses for references
not captured by our search strategy.

Study selection
Two investigators (C.-C.Y. and C.-H.W.) independently reviewed the titles
and abstracts of all identified articles and selected those pertinent to this
review. The following inclusion criteria were applied: (a) adult or paediatric
patients with acute appendicitis; (b) comparisons made between antibiotic
therapy and appendectomy as the initial treatment; (c) explicit specifica-
tion of antibiotic regimen; and (d) outcomes of interest including treatment
success or treatment-related complications. Studies focusing specifically
on complicated appendicitis or using multiple antibiotic regimens without
offering their corresponding proportions were excluded. After retrieving
the full reports of potentially relevant studies, the same two investigators
independently assessed each study’s eligibility based on the inclusion
and exclusion criteria. Differences of opinion regarding study eligibility were
settled by consultation with a third investigator (C.-C.L.).

Data extraction and quality assessment
Four investigators (C.-C.Y., C.-H.W., W.-T.H. and H.-P.W.) independently
extracted qualitative and quantitative data and a third investigator (C.-C.L.)
adjudicated discordant assessments. We extracted data based on ITT
analysis, including study characteristics (e.g. study design, area and period),
patient characteristics (e.g. age and sex), diagnostic criteria of appendicitis,
details of interventions (e.g. initial antibiotic regimen, administration
method and period), methods of appendectomy and definitions of patient
outcomes. For assessing risk of bias in included studies, we adopted the
Cochrane risk-of-bias tool12 for evaluating randomized controlled trials
(RCTs) and the ‘risk of bias in non-randomized studies’ tool (ROBINS-I)13 for
evaluating non-randomized studies, respectively.

Outcome measures
In the current analysis, 1 year treatment success was specified as the pri-
mary outcome, whereas initial treatment success and treatment-related
complications were specified as secondary outcomes. Each outcome
was defined as follows: (a) 1 year treatment success: clinical resolution of
appendicitis without recurrence or need for operation at 1 year follow-up;
(b) initial treatment success: success of the initial treatment with an
uncomplicated course (no post-operative complications, adverse events or
treatment failure) during the index hospitalization; (c) treatment-related
complications: any adverse event during the index hospitalization, including
post-operative abscesses, surgical site infections, incisional hernias,
obstructive symptoms and other general complications, such as adverse
reaction to antibiotics, anaesthesiology complications and cardiovascular
and pulmonary adverse events.

Statistical analysis
We performed an NMA by combining information from different studies
that compared antibiotics versus surgical treatments but used different ini-
tial antibiotic regimens. In the main analysis, the antibiotic regimens were
classified into three categories: (1) those including a b-lactam/b-lactamase
inhibitor combination; (2) those including a carbapenem; and (3) those
including a cephalosporin, according to the Guidelines by the Surgical
Infection Society and IDSA for intra-abdominal infection.14 We used a
random-effects model within a Bayesian framework. For binary outcomes,
the model corresponds to a generalized linear model with a logit link.
A random-effects model was used to allow for a different but related
treatment effect for each individual study. We used non-informative prior
distributions given that the relative effectiveness of different antibiotic regi-
mens is uncertain. A network geometry plot was created to confirm
whether a multiple treatment comparison analysis could be performed.
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Inconsistency assumption, defined as the statistical disagreement
between results obtained from direct and indirect comparison in a closed
loop, was assessed locally using a loop-specific approach and globally
using a design-by-treatment interaction model.15 However, the paucity of
head-to-head trials for different antibiotic regimens precluded planned
evaluations of consistency using loop-specific approaches.

A random-effects Bayesian hierarchical model assuming common het-
erogeneity was implemented across all comparisons and ORs with their
associated 95% credible intervals were calculated. The rank order of a com-
parator is presented as a ‘surface under the cumulative ranking’ (SUCRA)
probability.16 The SUCRA is a numerical presentation of the overall ranking,
which assigns a single number to each treatment. SUCRA values range
from 0% to 100%, with treatments having higher values (closer to 100%)
deemed as more likely to be effective and those with lower SUCRA values
(closer to 0%) deemed as more likely to be ineffective. Publication bias was
assessed by visual inspection of a comparison-adjusted funnel plot.

Subgroup analyses were planned a priori for subgroups of adult or
paediatric studies. Sensitivity analyses were also performed to investigate

the influence of study design (RCTs versus observational studies), classifica-
tion methods of antibiotic regimens (classification by guidelines versus by
antibacterial mechanism versus by antibacterial spectrum) and different
assumptions for prior distributions (using the results of the meta-analysis
by Podda et al.6 to construct informative prior distributions, i.e. 1 year treat-
ment success rates for surgery and antibiotics: 82.3% versus 67.2%, re-
spectively). A two-tailed P value <0.05 was considered statistically
significant. All analyses were performed using the gemtc package (version
0.8-6) in R 3.3.1 software (R Foundation for Statistical Computing, Vienna,
Austria), which fits a generalized linear model.17

Results

Twenty-one studies,18–38 including 9 RCTs and 12 observational
studies, were included in the NMA, with a total of 4551 patients
(Figure 1, Table 1). Eleven studies were exclusive to adults and 10
were exclusive to children. In the antibiotic group, the most

Figure 1. Literature search flowchart.
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commonly administered regimen was a b-lactam/b-lactamase in-
hibitor combination (9/21; 43%), followed by a cephalosporin
(7/21; 33%) and a carbapenem (5/21; 24%). In the surgical group,
11 studies (52%) included patients receiving open or laparoscopic
appendectomy while 9 studies (43%) exclusively included patients
undergoing laparoscopic appendectomy.

Because of the nature of surgical intervention, blinding of
patients could not be achieved in all included RCTs,18–22,24,25,34,36

resulting in a high risk of potential bias (Table S2). Most observa-
tional studies were assessed to have moderate degrees of bias
according to the ROBINS-I tool (Table S3).

For the primary outcome, a star-shaped network geometry
without any closed loops is presented in Figure 2, which suggested
that only indirect comparisons could be obtained with the surgical

group as the common comparator. As shown in Figure 3, the NMA
indicated that surgery remained the best treatment for appendi-
citis (SUCRA: 97.2%). Surgery was significantly better than using a
cephalosporin (OR: 16.79; 95% credible interval: 3.8–127.64) or a
b-lactam/b-lactamase inhibitor combination (OR: 19.99; 95%
credible interval: 4.87–187.57) for achieving 1 year treatment
success but was not significantly better than using a carbapenem
(OR: 3.5; 95% credible interval: 0.55–38.63). The results were con-
sistent when examining subgroups of adult or paediatric patients.

In the sensitivity analyses (Figure 4), the comparison results
were similar if only RCTs were included in the NMA. When the
antibiotic regimens were reclassified by antibacterial mechanism
or spectrum, the NMA results indicated that surgery was superior
to all antibiotic regimens, except for carbapenems. The use of
informative prior distributions did not change the results of the
main analysis.

For the secondary outcomes (Table S4), surgery was ranked as
the best treatment with respect to initial treatment success
(SUCRA: 94.8%), while carbapenems were ranked as the best
treatment (SUCRA: 92.7%) with respect to treatment-related
complications. Carbapenems were significantly associated with
fewer complications compared with surgery (OR: 0.12; 95% cred-
ible interval: 0.01–0.85).

A visual inspection of the criterion of symmetry showed no evi-
dence of publication bias for carbapenems versus surgery while
asymmetric distribution was noted for b-lactam/b-lactamase
inhibitor combinations or cephalosporins (Figure S1).

Discussion

Main findings

Our NMA indicated that emergency appendectomy was superior
to all antibiotic regimens with regard to 1 year and initial treatment
success while incurring more treatment-related complications.
The probability analysis ranked carbapenems as the best antibioticFigure 2. Network geometry for 1 year treatment success.

Figure 3. League table presenting NMA comparisons of 1 year treatment success between different treatments for all studies (a) and studies of age-
defined subgroups (b and c). The unlabelled data in the boxes are ORs and 95% credible intervals. An OR of >1 suggests that the upper left interven-
tion is associated with higher odds for 1 year treatment success compared with the corresponding lower right intervention. The order of intervention
from upper left to lower right is ranked by SUCRA. Bold-type characters are used to indicate a statistically significant difference.
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regimen for 1 year and initial treatment success as well as the
fewest treatment-related complications. The comparisons were
not sensitive to the study types analysed or classification methods
of antibiotic regimens.

Comparison with previous studies

A recent meta-analysis by Podda et al.6 compared treatment
effects between antibiotic treatments and surgery by pooling RCTs
and observational studies, indicating that antibiotic treatment was
associated with a lower 1 year treatment success rate, compared
with surgery (72.6% versus 93.1%; OR: 0.12; 95% confidence inter-
val: 0.06–0.24). However, the heterogeneity of this pooled effect

estimate was as high as 81%, which was only partly explained by
the age group; in the subgroup analysis, heterogeneity decreased
to 0% in the paediatric subgroup whereas in the adult subgroup
heterogeneity was still as high as 88%. One of the potential causes
leading to this substantial heterogeneity was the various regimens
that were included in the antibiotic arm. Because of ethical issues,
head-to-head comparisons between different antibiotic regimens
may not be feasible for RCTs, which we aimed to address indirectly
in the framework of an NMA and using the surgery group as a
common comparator.

Another recent NMA by Poprom et al.39 pooled RCTs comparing
antibiotics with surgery for appendicitis and indicated that pipera-
cillin/tazobactam was the best regimen among antibiotic groups

Figure 4. League table presenting NMA comparisons of 1 year treatment success between different treatments in sensitivity analysis for RCTs (a), dif-
ferent classification methods of antibiotics (b and c) and different meta-analytic methods (d). 2gC, second-generation cephalosporin; 3gC, third-gen-
eration cephalosporin; GNB, Gram-negative bacteria; GPC, Gram-positive cocci; PsA, P. aeruginosa. The unlabelled data in the boxes are ORs and 95%
credible intervals. An OR of >1 suggests that the upper left intervention is associated with higher odds for 1 year treatment success compared with
the corresponding lower right intervention. The order of intervention from upper left to lower right is ranked by SUCRA. Bold-type characters are used
to indicate a statistically significant difference.
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regarding initial treatment success. However, the only RCT40

included to support the use of piperacillin/tazobactam was actual-
ly not an RCT but an observational study, which may undermine
the Poprom et al.39 conclusion. There is growing interest in using
real-world evidence from non-randomized studies in order to
corroborate findings from RCTs and further evidence-based
medicine.41 Therefore, we performed this current NMA incorporat-
ing both RCTs and observational studies, which suggested that
carbapenems might be the optimal antibiotic regimen in treating
appendicitis non-operatively.

Interpretation of current study

As shown in Figure 3, surgery remained the best treatment for ap-
pendicitis with respect to 1 year treatment success and was signifi-
cantly better than all antibiotic regimens except carbapenems,
which might explain the substantial heterogeneity noted in the
Podda et al.6 meta-analysis. In the Poprom et al.39 NMA, if the
non-RCTs40 were not pooled in the analysis, ertapenem would
have been the best regimen. In our NMA, among the five studies
classified as using carbapenems,24,25,30,34,36 four adult studies
used ertapenem,24,30,34,36 while only one paediatric study used
meropenem with metronidazole.25 Therefore, in the subgroup
analysis for paediatric studies, carbapenems were not pooled in
the NMA because of the limited study number. The advantage
observed in the carbapenem group is then mostly attributable to
the adult studies. Hence, our results may not be generalizable to
paediatric patients, necessitating more evidence of carbapenem
use in paediatric appendicitis.

In the main analysis, we categorized antibiotic regimens by
guideline recommendations.14 In order to broaden and identify
potentially effective antibiotic regimens, we classified antibiotics
according to their antibacterial mechanisms or spectrums in the
sensitivity analysis. The ranking by SUCRA analysis indicated that
not only carbapenems but also antibiotics targeted against ESBL-
producing bacteria may be effective in treating appendicitis. In the
main analysis and sensitivity analysis, carbapenems or antibiotics
possessing anti-ESBL capability were ranked as second-best,
second only to surgery, and there were no significant pairwise
differences between different antibiotic regimens. In the face of
the huge amount of data presented in an NMA, even with the
assistance of SUCRA analysis, this ranking should be interpreted
cautiously.42 In the calculation process, SUCRA does not account
for the magnitude of treatment differences. Nevertheless, because
of the lack of an RCT with head-to-head comparison of different
antibiotics, it may be justified to use the rankings by SUCRA to
guide clinicians in selecting the optimal antibiotic regimen.

As for the secondary outcomes, carbapenems were ranked as
the best type of antibiotic regimen in achieving initial treatment
success. In the between-antibiotic comparisons, initial treatment
success, instead of 1 year treatment success, may be more repre-
sentative of the treatment efficacy of antibiotics, since long-term
recurrence may be related to other factors, such as the presence
of an appendicolith,43 instead of the choice of initial antibiotics.
Regarding treatment-related complications, carbapenems were
ranked as the best type of antibiotic regimen, with the fewest com-
plications occurring during the index hospitalization. In contrast,
surgery was ranked as the least favourable treatment with regard
to treatment-related complications. This finding was consistent

with the Podda et al.6 meta-analysis, which indicated lower rates
of post-intervention complications associated with antibiotic treat-
ment, compared with appendectomy (7.1% versus 14.5%).

Clinical applications

Recently, there has been increased interest in the non-operative
management of acute appendicitis44 because of evolving under-
standing of acute appendicitis.45 After accounting for both treat-
ment success and treatment-related complications, we conclude
that carbapenems (particularly ertapenem) seem to provide the
greatest net clinical benefit. In the study by Song et al.,46 among
the 1678 patients undergoing appendectomy, 694 (41.4%)
patients had positive culture results, which were dominated by
Escherichia coli (448/694, 64.6%). Of note, 13.2% of E. coli were
identified to be ESBL-producing. This bacteriology might explain
why carbapenems were superior to other antibiotics in this NMA. In
the practice guidelines published by the Surgical Infection Society
and IDSA,14 ertapenem and ticarcillin/clavulanate were the only
two single agents recommended for both adult and paediatric
patients with community-acquired intra-abdominal infection,
including appendicitis. Our results may further lend support to
existing guidelines recommending ertapenem as the first-line
regimen for appendicitis.14 At the same time, Pseudomonas
aeruginosa was identified to be the second most common organ-
ism in the Song et al.46 study (114/694, 16.4%), which was resist-
ant to ertapenem. The cause of this inexplicably high incidence of
P. aeruginosa infection associated with community-acquired
appendicitis needs further studies to elucidate; before this, antibi-
otics such as ertapenem may still be preferable to regimens with
substantial antipseudomonal activity.14 In addition, during the era
of the COVID-19 pandemic, non-operative treatment with erta-
penem may limit operating-room utilization and avoid prolonged
hospital stays.47,48 In a global online survey, conservative manage-
ment of complicated and uncomplicated appendicitis was used by
6.6% and 2.4% of sites, respectively, before the pandemic but
23.7% and 5.3%, respectively, during the pandemic,49 further
highlighting the importance of identifying the optimal antibiotics
for acute appendicitis. Nevertheless, non-operative management
may not be suitable for all patients with appendicitis. As indicated
by the CODA trial,50 patients with an appendicolith suffered from
higher risks and complications of appendectomy than those
without an appendicolith and emergency appendectomy may still
be the optimal management for these patients.

Study limitations

First, because of the nature of surgical interventions, all RCTs suf-
fered from a high risk of bias associated with failure in the blinding
procedure. Also, due to the limited number of eligible RCTs, our
NMA also included observational studies, which have their
own limitations including selection bias. However, there has been
growing interest in applying real-world evidence provided by
observational studies,41 which may increase precision and further
corroborate findings from RCTs. In our NMA, the rankings by SUCRA
were similar between the main analysis and sensitivity analysis for
RCTs, suggesting that the conclusions may not be sensitive to the
study designs that were included. Second, there were no uniform
classification methods for antibiotics. This classification method
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could probably lead to unstable meta-analytic models because of
the limited number of studies in some groups. Accordingly, several
methods were tested to identify the optimal regimen. Finally,
among paediatric studies there was only one RCT, with 50 patients,
the remaining studies being observational in design, indicating the
lack of high-quality evidence in the paediatric population. In con-
sideration of the logistically and ethically challenging nature of
conducting such an RCT among paediatric patients, the current
NMA may serve as the best evidence available for this group of
patients.

Conclusions

In the current NMA, surgery and carbapenems were identified as
the best and second-best method for achieving 1 year or initial
treatment success. In contrast, surgery and carbapenems were
ranked as the treatment associated with the most and fewest
complications, respectively. Therefore, carbapenems might be rec-
ommended as the initial antibiotic regimen for the non-operative
management of adult patients with acute appendicitis. For paedi-
atric patients, a lack of high-quality evidence precluded the possi-
bility of making further recommendations.
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