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Abstract

Background and aims:
Studies have exhibited the superiority of appendectomy to antibiotics in acute appendicitis (AA) treatment for the overall effective rate and relapse. However,
evidence to support the e�cacy of appendectomy is lacking because limited randomized controlled trials (RCTs) have been conducted. Thus, the present
study attempted to compare the two treatment methods through the meta-analysis of RCTs.

Methods
Databases such as PubMed, Cochrane Library, Medline, Embase, and Web of Knowledge were searched. RCTs comparing conservative therapy and surgical
treatment for AA and published in any language between January 1, 1990, and December 31, 2020 were included in the study. The primary outcomes were 1-
year e�ciency and incidences of complications, whereas the secondary outcomes were length of stay and sick leave duration. The odds ratios (OR) and mean
differences (MD) were combined, and the �xed- and random-effects models were calculated with 95% con�dence intervals (CIs).

Results
The present study was conducted based on 12 studies involving 4195 patients and comparing appendectomy with antibiotic treatment. Of the total, 2135
patients had underwent appendectomy and 2060 were treated with antibiotics. The 1-year OR after antibiotic therapy and appendectomy was 0.03 (95% CI:
0.01–0.06). The MD for the two groups for length of stay was 0.38 (95% CI: 0.16–0.61). Appendectomy exhibited a signi�cantly higher treatment e�ciency at
1 year and shorter hospital stay than antibiotic treatment. However, antibiotic treatment exhibited lower incidences of treatment-related complications (RR:
0.52, 95% CI: 0.37–0.74; P = 0.0002) and sick leave duration (P < 0.05) than appendectomy.

Conclusions
Antibiotics are not inferior to appendectomy for the treatment of uncomplicated appendicitis. However, patients with an appendicolith exhibited higher
recurrence risk after conservative treatment, and surgery is a better option for such patients.

Introduction
Acute appendicitis (AA) is the most common surgical emergency, and approximately 7% of the population may be affected from this disease in their lifetime.1

Appendectomy has been the gold standard treatment for AA. However, conservative treatment, especially antibiotic treatment, has been considered an
alternative therapy.2 Although a few randomized clinical trials (RCTs) have reported the effectiveness and feasibility of antibiotics in AA treatment among
adults, the small sample size of these studies and questions about applicability to the general population limit the use of this treatment.3 In most countries,
including the United States and China, more than 90% of the patients with AA undergo appendectomy.4 However, with the global epidemic of new
coronaviruses, the global health system and professional community suggest reconsidering the role of antibiotics in appendicitis treatment.5

Fitz et al. described the relationship between appendicitis and pelvic abscess in 1886.6 Prior to antibiotic use in the treatment, appendectomy has saved
several lives by reducing uncontrollable abdominal infections. However, numerous patients treated through appendectomy presented with mild postoperative
complications, which affected the quality of their life. Simultaneously, the function of the appendix and the biological effect of its resection remain unclear.

In 1930, Bailey et al.7 described the conservative treatment of appendicitis, which included rest, fasting, and delayed selective appendectomy. Coldrey reported
471 cases of AA treated with antibiotics in 1956, with a mortality rate of 0.2% and a relapse rate of 14.4%.2 An RCT by Eriksson in 1995 reported the
comparable e�cacy of antibiotics and appendectomy in AA treatment.2 These studies challenge the �rst-line treatment of AA through appendectomy.
However, complications such as the long-term recurrence risk of antibiotic therapy are unknown.8

A few RCTs have compared the reliability and effectiveness of antibiotics and appendectomy in clinical settings; however, the results of these trials have been
contradictory. The conclusions of other meta-analyses are also controversial.9, 10 Therefore, the present meta-analysis of all relevant RCTs attempted to
compare the long-term e�cacy of antibiotics and appendectomy in AA treatment. The main purpose of this meta-analysis was to explore whether the RCTs
conducted in recent years support or refute the results of previous studies.11

Methods
Reference retrieval strategy and inclusion criteria

The systematic evaluation and meta-analysis was performed in line with the recommendations of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement, and the study was registered in the PROSPERO (CRD42021266396) database on July 7, 2021 to describe the purpose
and methods of our investigation.

The present meta-analysis was performed in 12 RCTs comparing appendectomy and antibiotics in a total of 4195 patients, of which 2135 patients were
treated with appendectomy and 2060 patients were treated with antibiotics. RCTs published in any language from January 1, 1995 to December 31, 2020 were
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searched manually from Embase, PubMed, Cochrane, Knowledge Network, FDA.gov, and Clinical Trials.gov databases. Keywords and medical subject heading
(MeSH) terms used for the search were: “Appendicitis”, “Ruptured Appendicitis”, “Appendicitis Ruptured”, “Perforated Appendicitis”, “Appendicitis”, “Perforated”,
“Anti-Bacterial Agents”, “Antibiotics”, “Appendectomies”, “appendectomy”, and “Controlled clinical trial”. A total of 360 articles were searched, 21 articles are
duplicates, 300 articles are excluded after review of titles and abstracts, 28 articles excluded after reading the full text and �nally, 12 studies were included in
the meta-analysis (Fig. 1).15–26

Research selection and data extraction
Relevant RCTs conducted in consenting adults aged between 18 and 70 years with a computed tomography (CT) or ultrasound diagnosis of AA and no history
of surgery; with follow-up longer than 1 year; and analyzing treatment e�ciency, incidence of complications, length of stay, hospitalization expenses, and
length of absence were included in the study. Literature reviews; observational and retrospective studies; news reports; sentiment of experts and editors;
studies lacking original data; case reports and single-arm studies; studies overlapping research data; those on patients aged <18 years or >70 years; studies on
pregnant or lactating patients; those on patients with liver or renal insu�ciency; and those on patients with peritonitis or systemic disease were excluded from
the study.

The antibiotics and appendectomy treatment strategies were compared. The primary outcomes were 1-year treatment e�ciency comprising relapse-free rates
and incidence of complications. The secondary outcomes were length of stay, total expenditure during hospitalization, and sick leave duration. Two clinical
researchers (JZ and HTZ) systematically read the titles and abstracts of each study and then read the full text of each study to analyze whether it met the
inclusion criteria. The data in the selected studies were extracted and analyzed in detail. Disagreements between the two researchers were resolved by the third
researcher (NL). Authors of articles not covering patient data were emailed. Data regarding study details (�rst author, nationality and publication year), basic
patient information, number of participants, follow-up, conclusions, and quality features were extracted. The parameters and baseline comparability between
the treatment groups were analyzed.

Statistical analysis
Meta-analysis was performed using RevMan 5.5.1 software. The effect indices of dichotomy variables were odds ratio (OR) and risk ratio (RR). Additionally,
the mean difference (MD) and standardized MD (SMD) within the 95% con�dence interval (CI) of continuous variables were calculated. The random-effects
and the �xed-effects models were used to analyze the ‘intention-to-treat’ of all included research data.12 Random-effects models were compared directly when
heterogeneity was high. The random-effects model was used to report results if the results of the two models were different. OR < 1 indicated that results were
more likely to occur in the antibiotic group. A P value of <0.05 and 95% CI not including 1 were considered statistically signi�cant. The Mantel–Haenszel
method was used to merge OR or RR values to obtain results. The heterogeneity was determined by calculating I2 and using the Q statistical test.13

Heterogeneity was considered nonsigni�cant if either the P value of the Q statistic test was >0.10 or the I2 value was <50%.31 An I2 < 25% indicated low
heterogeneity, whereas I2 >75% indicated high heterogeneity.

Sensitivity and subgroup analysis
Of the total studies, one study was deleted during sensitivity analysis. If the heterogeneity was signi�cantly reduced after exclusion of a study, the study was
considered the main source of heterogeneity. Subgroup analysis was performed for uncomplicated population and unselected patients.

Publication bias
Biases such as publication bias were identi�ed using funnel plots,14 wherein symmetry in the plot was used to estimate the risk of bias. All included RCTs
were used to generate bias risk graph and summary.

Results
Table 1 presents the basic characteristics of the included RCTs, whereas summary and chart of bias risk in RCTs are illustrated in Fig. 2. All the studies were
classi�ed as having a high risk of bias.

Of the 12 RCTs, 3 from Sweden15–17,3 RCTs were from Finland,21–23 1 RCT was from India,18 1 RCT was from Turkey,19 1 RCT was from Italy,24 1 RCT was
from Germany,25 1 RCT was from France,20 and 1 RCT was from USA.24 Although all the 12 RCTs compared a new therapy (antibiotic treatment) and a
traditional therapy (appendectomy), 5 of these RCTs did not apply randomized double-blind technique.

Success rate, morbidity rate, length of stay, and loss of work
Appendectomy exhibited a signi�cantly higher 1-year treatment e�ciency than antibiotic treatment. Additionally, no heterogeneity was observed (Fig. 3.1).
However, the meta-analysis using data obtained from 10 RCTs indicated the superiority of antibiotic therapy to surgery, with mild heterogeneity in the overall
treatment morbidity rates (RR: 0.52; 95% CI: 0.37–0.74; P < 0.001) (Fig. 3.2). For the length of stay (9 RCTs) was signi�cantly shorter for the appendectomy
group than for the antibiotic treatment group (MD: 0.38; 95% CI: 0.16–0.61; P < 0.001). And six of the 12 RCTs16, 18, 22–25 still recommended the use of
appendectomy as the �rst-line treatment of AA. Additionally, the heterogeneity was acceptable (Fig. 3.3). Only �ve studies reported 5-year loss of work and risk
of bias, and the appendectomy group exhibited longer sick leave time than the antibiotic group (P < 0.05); however, the heterogeneity between the two
treatment groups was high (Fig. 3.4).

Subgroup analysis by the selected population
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The heterogeneity of overall treatment morbidity rates was assessed using a subgroup analysis. For the uncomplicated population (534 patients treated with
antibiotics and 558 patients treated with appendectomy), the appendectomy group exhibited higher morbidity rates than the antibiotics treatment group (OR:
0.34; 95% CI: 0.16–0.70; P < 0.05). However, for the unselected population (779 patients with antibiotics and 980 patients undergoing appendectomy), no
signi�cant difference was observed in the antibiotics treatment group (Fig. 4).

Sensitivity analysis and publication bias
The heterogeneity of the treatment success rate, complication rate, and hospitalization time signi�cantly reduced after exclusion of one study17; however, it
did not affect the results. No publication bias was detected in either the antibiotic or the appendectomy group. The funnel plots exhibited good symmetry
(Fig. 5).

Discussion
The present meta-analysis indicated a higher treatment success rate and a shorter length of stay in the appendectomy group than those in the antibiotic
treatment group. However, the incidences of treatment-related complications and duration of missed work were signi�cantly lower in the antibiotic treatment
group than in the appendectomy group. The present study suggested that antibiotics were not inferior to appendectomy for the treatment of AA (especially
uncomplicated appendicitis), and long-term quality of life may be higher with the antibiotic treatment.

Since the �rst report of appendectomy for appendicitis treatment by Mcburney, surgical treatment has become the gold standard for the treatment of AA.27

Eriksson et al.15 conducted RCTs to report for the �rst time that antibiotics were equally effective with no postoperative pain in AA treatment. Thus, the safety
and effectiveness of the two treatments are controversial.3, 9

A RCT allows random grouping of subjects for adopting different interventions. It offers advantages of avoiding various biases, balancing confounding
factors, and improving the effectiveness of statistical tests. Thus, RCTs are recognized as the gold standard for evaluating an intervention.28 The present
meta-analysis was conducted using RCTs to ensure that the data obtained are convincing and exhibit minimal deviation.

Several studies have exhibited the superiority of appendectomy for several reasons.16, 18, 22–25First, the postoperative recurrence rate associated with
appendectomy is negligible. Second, appendiceal tumors and extra-appendiceal pathologies may be detected early after the routine pathological examination,
which may affect survival of patients after appendectomy. Third, the global popularization of minimally invasive technology has considerably reduced the
incidences of incision infection, abdominal adhesion, and postoperative pain; analgesic use; and hospitalization time after laparoscopic appendectomy
compared with those after open appendectomy, which have improved the quality of life of patients.29 Finally, the application of broad-spectrum antibiotics
may cause bacterial resistance or contribute to the emergence of superbacteria such as methicillin-resistant Staphylococcus aureus, multidrug-resistant
Streptococcus pneumoniae, and vancomycin-resistant enterococci.30 However, appendectomy has numerous limitations. Because most hospitals in
developing countries still perform open appendectomy, the postoperative complications cannot be ignored. Simultaneously, the function of the appendix and
the in�uence of its resection on the human body remain unclear.31 Additionally, many patients prefer conservative treatment over surgical treatment.

The present meta-analysis exhibited a statistically signi�cant difference in the 1-year treatment e�cacy between the two treatments (P < 0.001; OR < 0.1).
However, 70% of the patients with AA in the antibiotic treatment group exhibited no recurrence within 1 year, whereas approximately 60% patients exhibited no
recurrence within 5 years.32 Thus, most patients avoided surgical treatment. Nevertheless, the length of hospital stay for the surgical treatment group was
shorter than that for the antibiotic treatment group, which may be attributed to the lack of a de�nite time guideline for the antibiotic treatment. Most clinical
centers consider three days as the time point for early treatment, and the length of hospital stay may be greatly reduced in the later treatment stage. In Italy,
the use of oral antibiotics in non-surgical treatment was reported to greatly shorten the length of hospital stay.33

Antibiotics therapy offers several theoretical advantages over appendectomy. Compared with surgical resection, conservative treatment exhibited lesser
incidences of complications, time missed from work, and hospitalization expenses. Additionally, many patients treated conservatively do not require
hospitalization. Because these patients can be treated in the emergency or outpatient department, the treatment e�ciency can be improved. This e�cient
treatment of AA may bene�t patients, especially in the COVID-19 pandemic. A high therapeutic effect rate and a low recurrence rate were observed particularly
in patients with uncomplicated appendicitis with no appendicolith.26 Incidences of surgical complications do not increase even if appendectomy is delayed in
patients treated with antibiotics. Although CT scan exhibits high speci�city and sensitivity in AA diagnosis, several patients with normal appendix are still
treated with transitional surgery. A retrospective study conducted in 3236 patients who received non-surgical treatment, with the average follow-up period of 7
± 3.9 years, reported a long-term recurrence rate of only 4.4%.34 Salminen et al.32 reported the late recurrence rate of uncomplicated AA after antibiotic
treatment in the APPAC RCT. The author concluded that the possibility of late recurrence within 5 years among patients with simple AA who initially received
antibiotic treatment was 39.1%. This long-term follow-up study supported the feasibility of antibiotic treatment as an alternative to surgery for uncomplicated
AA. The results of the present meta-analysis may be particularly relevant during the COVID-19 pandemic. Patients and clinicians should weigh the bene�ts and
risks of each method by considering the individual characteristics, preferences, and environment.35

Study limitations
The present meta-analysis has certain limitations. The major source of heterogeneity detected in the sensitivity analysis was the study by Hansson,17 which
had a high crossover rate from medical treatment to surgical treatment. The study by Styrud only included male patients, which resulted in a high risk of bias.
Additionally, in some RCTs, publication bias or sources of heterogeneity were introduced due to the small sample size and short follow-up time; these factors
might have affected the primary results. Furthermore, the antibiotic treatment regimens in all the studies were different. Different antibiotic levels and
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antimicrobial spectrum may affect the results and serve as a source of heterogeneity. Moreover, only the study by GoryFlum conducted a subgroup analysis
for the presence of appendicolith and concluded that patients with an appendicolith detected in preoperative CT examination exhibited a high recurrence rate
and were at a high risk of undergoing appendectomy. Although this result is crucial, other studies have not analyzed this aspect. The outcome of health status
should be described using the EQ-5D questionnaire,36 which could not be performed in most of the studies included in this meta-analysis due to the lack of
original data. Furthermore, although funnel plot comparisons were used and exhibited no publication bias between conservative treatment and appendectomy,
Egger and Begg regression tests could not be used to determine publication bias due to the limitations of RevMan software. Finally, due to the restrictions of
natural factors, randomized double-blind trials could not be realized in the included RCTs. Therefore, we hope that more clinical centers can do large-sample
randomized double-blind controlled trials in the future, and compare the two treatments of appendicitis, so that the evidence level of our meta-analysis will be
higher.

Conclusions
Antibiotic therapy is not inferior to appendectomy for AA treatment, and it can be used as the �rst-line treatment especially for patients with uncomplicated
appendicitis who refuse to undergo surgery. However, appendectomy may still be recommended for patients with complex appendicitis, especially those with
appendicolith. Further long-term follow-up studies are warranted to establish an optimal treatment for AA.
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Type
of
study

Author Year Country Drug Therapy Surgical
Treatment

Numeber
of
Patients

Morbidities
rate

Conclusion Remarks follow-
up
(month)

RCT Eriksson
et al.

1995 Sweden Cefotaxime 2
g IV Bid and
tinidazole 800
mg Qd for 2
days, then oral
o�oxacin 200
mg Bid and
tinidazole 500
mg Bid for 8
day

Open
 appendectomy

S:20 +
D:20
 = T:40

unselected
population

Antibiotic
treatment of
acute
appendicitis is
as effective as
surgery, and
patients with
mild pain, less
analgesia
requirements,
but high
recurrence rate.

Less case 17

RCT Styrud, J.
et al.

2006 Sweden  IV cefotaxime
for 2 days and
tinidazole 800
mg daily,
followed by
o�oxacin 200
mg

Open or
 laparoscopic
 procedures

S:124 +
D:128
 = T: 252

 uncomplicated
population

Acute
appendicitis can
be treated
successfully
with antibiotics
with a short
hospital stay,
minimal sick
leave, and
limited duration
of pain, but high
recurrence rate,
which should be
compared with
the rate of
complications
after
appendectomy.

Female
patients
included
only

12

RCT Hansson
et al.

2009 Sweden  IV cefotaxime
1 g BID
 and
metronidazole
1·5 g
 q24hr for 1
day, followed
by oral
cipro�oxacin
500 mg BID
and
metronidazole
400 mg TID
for 10 days

Open or
 laparoscopic
 approach as
 surgeons’
usual
 practice

S:167 +
D:202
 = T:369

unselected
population

Antibiotic
treatment
appears to be a
safe �rst-line
therapy in
unselected
patients with
acute
appendicitis.

Non-double
blind, 52.5
% antibiotic
treatment
group
transferred
to surgery
group

12

RCT Malik et
al.

2009  India  IV
cipro�oxacin
500 mg BID
and
metronidazole
500 mg TID
for 2 days,
followed by
oral
cipro�oxacin
500 mg BID
and tinidazole
600 mg BID
for 7 days

Approach not
 speci�ed

S:40 +
D:40
 = T:80

unselected
population

The patients
managed
conservatively
with antibiotics
alone
experience less
pain and require
less analgesia
but have high
recurrent rate

Non-double
blind, 52.5
% antibiotic
treatment
group
transferred
to surgery
group

18.3

RCT Turhan et
al.

2009 Turkey IV ampicillin 1
g QID,
gentamicin
160 mg daily
 and
metronidazole
500 mg
 TID for 3
days, followed
by oral
antibiotics for
10 days

Open or
 laparoscopic
 appendectomy

S:183 +
D:107
 = T: 290

unselected
population

With its high
success rate
and cost
effectiveness,
medical
treatment
seems to be a
good alternative
to the gold
standard
therapy of
surgery in
management of
acute
appendicitis.

multicenter
study

19

RCT Vons et
al.

2011 France  Amoxicillin
and clavulanic
Acid of 3 g or
4 g according
to weight, with
route and
duration
according to

Open or
 laparoscopic
 approach on
 surgeon
 preference

S:123 +
D:120
 = T: 243

uncomplicated
population

Amoxicillin plus
clavulanic acid
was not non-
inferior to
emergency
appendicectomy
for treatment of

multicenter
study

12
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g
clinical
symptoms

acute
appendicitis.

RCT Paajanen
et al.

2013 Finland Ertapenem (1
g per day) for
3 days
continued by
oral
levo�oxacin
(500 mg per
day) plus
metronidazole
(1.5 g per day)
for 7 days.

Open
 appendectomy

S:305 +
D:305
 = T: 610

uncomplicated
population

Approximately
75–85% of
patients with
uncomplicated
AA can be
treated with
effective
antibiotic
therapy
avoiding
unnecessary
appendectomies
and the related
operative
morbidity, also
resulting in
major cost
savings.

multicenter
study

12

RCT Mentula
 et al.

2015 Finland IV cefuroxime
1.5g × 3 per
day +
metronidazole
500mg × 3 per
day, follow by
oral oral
cephalexin
500 mg × 3
per day and
metronidazole
500 mg × 3
per day for 7
days

Laparoscopic
surgery

S:30 +
D:30
 = T: 60

appendiceal
abscess.

Laparoscopic
surgery in
experienced
hands is safe
and feasible
�rst-line
treatment for
appendiceal
abscess.

Follow-up
of only 60
days for
appendiceal
abscess

2

RCT Salminen
et al.

2015 Finland IV ertapenem
1 g daily for 3
days, followed
by oral
levo�oxacin
500 mg daily
and
metronidazole
500 mg
 TID for 7 days

Open or
 laparoscopic
 procedures

S:273 +
D:257 =
T:
 530

uncomplicated
population

Among patients
with CT-proven,
uncomplicated
appendicitis,
antibiotic
treatment did
not meet the
prespeci�ed
criterion for
noninferiority
compared with
appendectomy.

 -  -

RCT Ceresoli
et al.

2019 Italy IV
administration
of 1 g of
Ertapenem
once a day for
3 days during
hospitalization
and further
administration
of amoxicillin/
clavulanate 1
g per os every
8 h for 5 days.

laparoscopic
 procedures

S:24 +
D:21 = T:
 45

uncomplicated
population

Due to the poor
patient’s accrual
rate the study
failed to
demonstrate the
non-inferiority of
conservative
treatment in
uncomplicated
acute
appendicitis.

 - 12

RCT Prechal
et al.

2019 Germany IV ceftriaxone
2 g 1-0-0 plus
metronidazole
500 mg 1-0-1
during the
intended
hospital stay
of 3 days
followed by 7
days of oral
cipro�oxacin
500 mg 1-0-1
plus
metronidazole
400 mg 1-0-1. 

laparoscopic
 procedures

S:70 +
D:54 = T:
 124

uncomplicated
population

Appendectomy
remains the
most effective
treatment for
the de�nitive
cure of acute
appendicitis.
However,
antibiotic
therapy can be a
safe alternative
approach for
selected
patients with
uncomplicated
acute
appendicitis.

Non-double
blind

12

RCT GoryFlum
et al.

2020 USA IV formulation
for at least
24h, follow by
pills, for 10-
day total
course.

Laparoscopic
surgery

S:776 +
D:776 =
T:
 1552

unselected
population

This
comparative
effectiveness
trial showed
that, for the
treatment of
appendicitis,
antibiotics were

 - 3
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noninferior to
appendectomy
on the basis of
results of a
standardized
measure of
general health
status, at least
in the short
term.

Figures

Figure 1

Identi�cation of studies for inclusion.
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Figure 2

Risks of bias summary (A) and risk of bias graph (B) in the randomized controlled trials included in the meta-analysis. All trials were classi�ed as trials with a
high risk of bias.
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Figure 3

3.1: Treatment e�cacy of 1 year analysis comparing patients in the antibiotics group to those in the appendectomy group.

3.2: Morbidities rate by antibiotics vs. appendectomy for the treatment of AA.

3.3: Length of hospital stay by antibiotics vs. appendectomy for the treatment of AA.

3.4: Forest plot for analysis of Sick leave duration
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Figure 4

Morbidities rate subgroup analysis comparing uncomplicated population and unselected patients.
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Figure 5

Funnel plot of comparison of morbidities rate in the antibiotics group to those in the appendectomy group.


