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Abstract
Purpose Appendectomy has been the gold standard for every form of appendicitis. In recent years, though, it has repeatedly been
claimed that for acute uncomplicated appendicitis, antibiotic therapy can be an equivalent treatment. The aim of this meta-
analysis was to determine if antibiotic therapy is a safe and effective alternative to appendectomy for acute uncomplicated
appendicitis.
Methods In a systematic literature review, relevant databases were searched for randomized studies comparing appendectomy
with antibiotic treatment for uncomplicated acute appendicitis. Two independent reviewers performed study selection and data
extraction. The primary endpoint was the successful treatment of appendicitis. Secondary endpoints were pain intensity, duration
of hospitalization, absence from work, and the incidence of complications.
Results Five randomized controlled studies (n = 1430 patients) fulfilled the inclusion criteria. Of the 727 patients treated initially
with antibiotics, 272 (37.4%) underwent secondary appendectomy within 1 year (treatment effectiveness: 62.6% compared to
96.3% in the surgical group, RR 0.65, 95%CI 0.55–0.76, p < 0.00001). Neither duration of hospital stay (MD 0.11 days, 95%CI:
− 0.22–0.43, p = 0.53) nor the probability of complication-free treatment (RR 1.08, 95% CI: 0.97–1.22, p = 0.16) were signif-
icantly different between the two treatments. Absence from work was significantly shorter in the antibiotic group (MD −
2.49 days, 95% CI: − 4.59–− 0.40, p = 0.02).
Conclusions This meta-analysis shows that appendectomy is more effective than antibiotic therapy for definitive cure of acute
uncomplicated appendicitis. However, since the incidence of complications does not differ between the two treatments, antibiotic
therapy might be a reasonable alternative for selected patients.
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Introduction

The lifetime risk of appendicitis is 8.6% for males and 6.7%
for females [1]. Appendicitis is one of the most frequent spe-
cific underlying causes in patients presenting to emergency
departments with abdominal pain [2, 3]. For a long time, every
form of appendicitis was an unconditional indication for ap-
pendectomy [4]. A conservative approach to treatment of
acute appendicitis without complications was first described
in 1953 by Harrison [5] and in 1959 by Coldrey et al. [6].
Coldrey reported on 471 patients treated with antibiotics with
low mortality (0.2%) and low recurrence rate (14.4%) [6]. In
recent years, antibiotic therapy for acute uncomplicated ap-
pendicitis (i.e., appendicitis without perforation, peritonitis,
abscess, or coprolite) has repeatedly been promoted as equiv-
alent and safe treatment alternative. Both appendectomy and
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antibiotic therapy have benefits and associated risks. One clear
advantage of antibiotic therapy is that procedure-specific post-
operative complications, such as wound infections, intestinal
adhesions, or incisional hernias, can be avoided [7].
Furthermore, conservative therapy spares patients from
anesthesia-associated risks, which may play a particular role
in comorbid patients. Further advantages of antibiotic therapy
are the potentially shorter hospitalization, a presumed shorter
duration of absence from work and lower costs [8]. On the
other hand, the main risk associated with antibiotic therapy is
its failure. Primary uncomplicated appendicitis could turn into
a complicated form, and appendiceal perforation with perito-
nitis or perityphlitic abscess and possibly sepsis can occur,
requiring secondary, often more invasive surgery, at worst
leading to irreversible morbidity or mortality. Furthermore,
there is the risk of recurrent appendicitis. Another risk of
widespread antibiotic therapy for appendicitis is the develop-
ment of antibiotic resistance [9].

Several randomized controlled trials have compared anti-
biotic therapy with appendectomy for acute uncomplicated
appendicitis [8, 10–13]. Results and potential degree of bias
differ between the single trials. A Cochrane systematic review
with meta-analysis summarized the evidence published until
2011 [14]. However, it also included quasi-randomized trials
of inferior evidence level. After publication of this review, the
results of the hitherto largest randomized controlled trial on
antibiotic therapy of uncomplicated acute appendicitis became
available [8]. Therefore, we decided to summarize the most
up-to-date evidence on the topic bymeans of a new systematic
review with meta-analysis.

Methods

The systematic review and meta-analysis were carried out in line
with the recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[15] (Fig. 1) and according to a pre-specified protocol. The selec-
tion of studies and data extraction were performed independently
by two investigators (FD,DP) at all stages.Cases of disagreement
were resolved by a third investigator (UR).

Selection process and identification of the relevant
studies

For the selection of studies, the following electronic databases
were searched (see Online Resource 1 for a detailed search
strategy according to the PICO scheme): PubMed, Cochrane
Library, Web of Science Core Collection, Cinahl, ClinicalTrial.
gov (study registry), ICTRP (study registry). The time period
November 1965 to January 2016 was considered; the search had
no limitations regarding language of publication. Identified
studies were checked with regard to title and abstract. If the

study met the inclusion criteria, or if this could not be
determined from the abstract alone, the full text was retrieved
and assessed.

Inclusion criteria

Randomized controlled trials with the following criteria were in-
cluded into the meta-analysis: patients ≥ 18 years with acute un-
complicated appendicitis, i.e., without signs of perforation, peri-
tonitis, abscess, or coprolite, which compared antibiotic therapy,
i.e., any kind of treatment with oral or intravenous antimicrobial
medication,with surgical therapy, i.e., any formof appendectomy.

Studies including patients with clinical signs of perforation or
peritonitis or suspicion of a tumor or abscess were not included.
Studies that compared different formsof appendectomy (e.g., lap-
aroscopic vs. open) and studies performed exclusively among
children or minors (age < 18 years) were also not considered.
Only studies reporting at least one of the endpoints mentioned
belowwere selected.

Endpoints

The primary endpoint was the successful treatment of acute ap-
pendicitis. Inpatients treatedwith antibiotics, successful treatment
was defined as absence of a later need for surgical intervention
(appendectomy) and absence of recurrent appendicitis, diagnosed
by the criteria defined in the single study, during the follow-up
period defined by each study. In patients treated with surgery,
successful treatment was defined as performed appendectomy.

Secondary endpoints were the incidence and type of com-
plications, duration of hospitalization, duration of absence
from work, and pain intensity.

Data extraction

The following data were extracted from the studies according
to pre-defined criteria using a standardized data extraction
sheet:

& general information: title, authors, contact address, date of
publication, place of publication

& study design: mode of randomization, single-center vs.
multicenter, duration of follow-up

& patient sample: number of patients in each study arm, age,
sex

& used diagnostic procedures: computed tomography (CT
scan), sonography, laboratory (C-reactive protein (CRP),
hemoglobin, creatinine, leukocytes, temperature)

& form of treatment: antibiotic therapy: which antibiotics
were used for how long; surgery: laparoscopic or open
appendectomy
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& outcomes: successful treatment (see above), pain intensity,
duration of hospitalization, duration of absence from
work, incidence of complications

Evaluation of the methodological quality
of the included studies

Inorder toevaluatepossiblebiasof the includedstudies, the riskof
bias tool of the Cochrane Collaboration was used [16]. Studies
were evaluated with regard to selection bias, performance bias,
detection bias, and attrition bias. From these domains, a total risk
of biaswas determinedwith the following levels: low risk of bias,
high risk of bias, or unclear risk of bias.

Statistical analyses

For statistical analyses, the ReviewManager 5.3 software provid-
ed by the Cochrane Collaboration was used (Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). Data entry was verified by an independent
reviewer (UR).

Apvalue of < 0.05was considered statistically significant. For
dichotomous variables, the relative risk with a 95% confidence
interval (95% CI) was calculated. For continuous variables, the
mean differencewith a 95%CIwas calculated.Allmeta-analyses
were performed using a random-effect model. I2 was used to
quantify heterogeneity between the individual studies.
Following the recommendations of the Cochrane Collaboration
[17], I2 values were interpreted as follows:

& I2 = 0–40% negligible heterogeneity
& I2 = 30–60% moderate heterogeneity
& I2 = 50–90% substantial heterogeneity
& I2 = 75–100% considerable heterogeneity

Results

Literature review

The results of the literature review are shown in Fig. 1. A total of
347 publications were identified from searching the databases.
After assessment of titles and abstracts, 17 publications were
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selected and their full text retrieved. Based on the full text article,
fivepublications [8, 10–13] fulfilled all inclusion criteria andwere
selected for themeta-analysis.SeeOnlineResource2 (Table1) for
details of study characteristics.

In total, the selected studies comprised 1430 patients, 727 of
whomwere treatedwith antibiotics and703ofwhomwere treated
with surgery. There was no relevant difference in patient charac-
teristics between the different studies and between the single arms
of the studies. The study by Styrud et al. [11] included only male
patients. In all included studies, thediagnosis of acute appendicitis
wasmade based on physical examination, laboratory results, tem-
perature, ultrasound and CT scan (mandatory in the studies by
Vons and Salminen [8, 12], optional in the study by Hansson
[10]; in the studies by Styrud and Eriksson [11, 13] nothing was
reported about CT scans). Appendectomy in the surgery group
was laparoscopic in 101/536 patients, (18.8%) and open in 435/
536patients (81.2%)(Hanssonetal. [10]didnot report thenumber
of patients operated laparoscopically). In all studies, the duration
of follow-up was at least 1 year with the exception of Eriksson
et al. [13]. In this study, all patientswere followed until therewere
normal ultrasound findings of the appendix or surgery was need-
ed.Themeanfollow-upperiod in this studywas13.2months [13].

Outcomes

Successful therapy

All studies reported thenumberofpatientswith treatment success,
as per our definition of the primary outcome, in both groups. Of
727 patients in the antibiotic group, 455 (62.6%) were treated
successfully within the follow-up period of 1 year, which was
pre-defined in all included studies [8, 10–12] with the exception
of Eriksson et al. [13]. Of 703 patients in the surgical group, 677
(96.3%)patientswere treated successfully.Treatment successwas
significantly more frequent in the surgical group (Fig. 2).

I2 statistics indicated considerable heterogeneity between
the single studies.

Complications

Considering any complication, as reported by the single studies,
therewas anon-significantly lower incidence in theantibiotic than
in the surgical group. Complications occurred in 74/727 (10.2%)

patients primarily treated with antibiotics and 126/703 (17.9%)
patients primarily treated surgically (Fig. 3). Themajority of post-
operative complications were wound infections. In the group pri-
marily treated with antibiotics, these occurred in 16/599 (2.7%)
patients (16/241 (6.6%) patients who underwent secondary ap-
pendectomy). In the primary surgery group, they occurred in 33/
565 (5.8%) patients (the study by Styrud et al. [11] was excluded
from this analysis because only the overall complication rate, and
not the incidence of wound infections was given). Other compli-
cations such as intra-abdominal abscess, bowel obstruction,
incisionalpain,andenterocolitiswere less frequent inbothgroups.
Three cases of incisional hernias have been reported during the
follow-upperiodof the trials, twoin theantibioticgroup inpatients
who underwent secondary appendectomy [8] and one in the sur-
gical group [10].

No statistically significant differences were found between
both groups for complications among patients who eventually
underwent appendectomy (Fig. 4) (22/153 (14.4%) in the an-
tibiotic group and 71/536 (13.3%) in the surgical group). For
this outcome, the study by Hansson et al. [10] was excluded
from the analysis because only the incidence of complications
in all patients, and not specifically in patients who underwent
surgery, was given. I2 statistics indicated considerable hetero-
geneity between the single studies.

Duration of hospital stay

All studies reported the length of the primary hospital stay, not
taking into account possible re-admissions during the follow-
up period. The mean length of hospital stay was 3.0 days in
the surgical group and 3.03 days in the antibiotic group
(Fig. 5). The mean difference was not significant. I2 statistics
indicated substantial heterogeneity between the single studies.
Vons et al. [12] was the only study which reported the overall
hospital stay including readmissions up to 1 year. It found a
non-significant longer stay in the antibiotic group (mean stay
3.96 vs. 3.04 days, p = 0.08). To maintain consistency, this
study was excluded from the meta-analysis for length of hos-
pital stay. Also, the study by Salminen et al. [8] was excluded
from the analysis because no standard deviations were given.
In this study, the median length of primary hospital stay was
3.0 days in both groups [8].

Fig. 2 Forest plot-successful therapy
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Length of absence from work

Four studies reported the length of absence from work [8,
10–12]. The results showed a significantly shorter absence
in the antibiotic than in the surgical group (Fig. 6).

I2 statistics indicated considerable heterogeneity between
the single studies.

The study by Salminen et al. [8] was excluded from the
analysis because no standard deviations were given. In this
study, the median length of absence from work was 19.0 days
in the surgical group and 7.0 days in the antibiotic group [8].

Pain intensity

Three studies reported pain intensity of both treatment groups
using the visual analog scale (VAS) [8, 12, 13]. Two studies
reported the duration of pain [10, 12], and in one study [11],
neither pain intensity nor duration of pain were reported. Both
pain intensity and duration of pain were less, respectively,
shorter in patients treated with antibiotics, except in the study
by Hansson et al. [10]. In this study, the duration of abdominal
pain was longer in the antibiotic group than in the surgical
group during 1-year follow-up (mean 39 days vs. 30 days).

In the study by Salminen et al. [8], the median pain inten-
sity was 5.0 in the antibiotic group and 6.0 in the surgical
group. At hospital discharge, the median pain intensity was
2.0 in the antibiotic group and 3.0 in the surgical group. At
1 week and 2 months, the median pain intensity was 1.0 and
1.0 in the antibiotic group and 2.0 and 1.0 in the surgical
group, respectively. In this study, no standard deviation was
given. In the study by Eriksson et al. [13], the mean pain
intensity after 24 h of hospitalization was 32 mm in the surgi-
cal group and 9 mm in the antibiotic group. Six days after

discharge, the mean pain intensity was 11 mm in the surgical
group and 0 mm in the antibiotic group. Both times, there was
significantly less pain in patients treated with antibiotics.

In the study by Hansson et al. [10], the mean duration of
postoperative abdominal pain was 6 days in the antibiotic
group and 9 days in the surgical group during the hospital stay
and within 1 month after discharge. Vons et al. [12] reported a
mean pain score of 6.4 ± 2.1 in the surgical group and 6.3 ±
1.9 in the antibiotic group. The median duration of pain
(VAS > 4) did not differ between the two groups (mean 1.70
± 1.07 days in the surgical group and 1.63 ± 1.35 days in the
antibiotic group).

Critical appraisal of included studies (risk of bias)

An overview of the individual risk of bias of the single studies
is shown in Figs. 7 and 8.

Three of the five included studies reported randomization
with sealed envelopes, resulting in a low risk of selection bias
[8, 11, 12]. In one study, the randomization procedure was not
reported, and thus, the risk of selection bias remained unclear
[13], and for one study [10], the risk was considered high
because of pseudo-randomization by date of birth. The risk
of performance bias was considered unclear for all studies [8,
10–13], because there was no blinding of study participants
and physicians. In all studies [8, 10–13], the risk of detection
bias was considered high because there was no blinding of
physicians. A high risk of attrition bias was considered for
one study [10] because the numbers reported in tables and in
the text were inconsistent and drop-out was unexplained or
not reported. Also, the numbers in the text and its correspond-
ing tables contradicted each other. In one study, the risk of
attrition bias was unclear [11], and for three other studies [8,

Fig. 3 Forest plot-complication-free treatment

Fig. 4 Forest plot-complication-free treatment based on the number of patients who underwent appendectomy
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12, 13], it was considered low. Three studies [10, 11, 13] were
considered at high risk of reporting bias because of a lack of
predefined endpoints or for changing the primary endpoint for
publication of results [10]. In two studies, the risk of reporting
bias was considered low [8, 12].

Discussion

This systematic review with meta-analysis summarizes the
available high-level evidence from randomized controlled tri-
als comparing antibiotic and surgical treatment of acute un-
complicated appendicitis. The evaluation of the included stud-
ies shows that treatment success was higher in the surgical
group than in the antibiotic group, in which more than a third
of patients required appendectomy for initially persistent ap-
pendicitis or recurrent appendicitis within 1 year from the
initial antibiotic treatment. The length of absence from work
was significantly shorter in the antibiotic group, the incidence
of complications and the duration of hospital stay did not
differ significantly between the two groups.

The obvious advantage of surgery is that it constitutes a
definite cure for appendicitis with only a rather hypothetical
risk of Bstump appendicitis^ in cases in whom the appendix is
not entirely removed [18]. In contrast, in patients receiving
antibiotic treatment, the risk of recurrent appendicitis persists
for their lifetime, even if the initial episode of appendicitis is
successfully treated. There are no reliable estimates how high
this lifetime risk is and what temporal patterns recurrent ap-
pendicitis follows. In the largest and most recently published
randomized controlled trial included in our meta-analysis [8],
5.8% of patients receiving antibiotics had a persistent first
episode of appendicitis and required appendectomy still dur-
ing the initial hospital admission, whereas 21.4% of patients
had recurrent appendicitis which led to appendectomy during
subsequent re-admission within 1 year of initial presentation.
This indicates that the lifetime risk of recurrent appendicitis

after antibiotic treatment is of relevant magnitude and that
recurrence tends to occur early.

An important finding is that in our meta-analysis, the overall
risk of complications was not significantly different between the
two treatment groups. This holds true both when all patients in
the respective group serve as denominator, but also when ana-
lyzing only patients who did undergo surgery. Therefore, one can
conclude that antibiotic treatment of appendicitis is safe. It does
not expose patients to a higher risk of complications either from
the antibiotic treatment itself (e.g., allergic reactions, enterocoli-
tis), from the appendicitis (e.g., intraabdominal abscess, sepsis)
or from the actual operation (e.g., wound infections, intestinal
adhesions). Consequently, the attribute for antibiotic treatment
of appendicitis as potentially dangerous therapy when compared
to surgery does not hold true. However, long-term effects of
widespread antibiotic treatment such as drug resistance both in
the individual patient and the population at large [9] are not
accounted for in any published studies on the approach. The
regimens of antibiotics and treatment duration varied between
studies, and one study [8] used a combination of levofloxacin,
metronidazole, and ertapenem, the latter being a broad-spectrum
antibiotic usually reserved for severe infection with potentially
resistant bacteria [19].

Proponents of conservative treatment for appendicitis
claim that the approach is associated with shorter hospital
stays, earlier return to work, and lower cost. The meta-
analysis did not show any difference in length of hospital stay
between the two approaches. This can probably at least par-
tially be attributed to defined treatment protocols in the single
trials with preset days for discharge in both arms.

In the study by Vons et al., patients were discharged after
resolution of pain, fever, and any digestive symptoms [12]. To
ensure safety, in the study by Salminen et al. [8], the minimum
length of hospital stay of patients treated with antibiotics was
3 days [20]. In the study by Styrud et al., patients who
underwent appendectomy were discharged when their condi-
tion was deemed satisfactory, and patients who received

Fig. 5 Forest plot-duration of hospital stay

Fig. 6 Forest plot-length of sick leave
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antibiotics were discharged after 2 days [11]. According to the
study protocol by Hansson et al., patients treated conservative-
ly received intravenous antibiotics for 24 h. Provided clinical
status had improved, patients were discharged the following
morning [10]. In the study by Eriksson et al., patients treated
with antibiotics were discharged after 2 days and operated
patients when conditions were satisfactory [13].

However, only the study by Vons et al. [12] accounted for
subsequent inpatient episodes of recurrent appendicitis and
reported the overall length of hospital stay including
readmissions up to 1 year. Thus, the results of the meta-
analysis are biased in favor of antibiotic treatment. Absence
from work was significantly shorter in patients treated with
antibiotics than in the surgical group. The mean difference
was 2.49 days. An economic secondary analysis of the largest
trial included in our analyses showed that productivity losses
were considerably higher in patients treated with primary sur-
gery compared to those treated with primary antibiotics [21].
This may probably not be socio-economically relevant. Only
one [10] of the studies included in our meta-analyses reported
a comparison of costs between both groups in the respective
original publication. It showed lower costs for conservative
treatment than for operative treatment. However, this analysis
considered only costs relating to the initial hospital admission
and disregarded subsequent re-admissions due to recurrent
appendicitis. Therefore, its results are biased in favor of anti-
biotic treatment.

Appendiceal neoplasia often mimics symptoms of acute ap-
pendicitis, and thus, some cases are misdiagnosed [22]. A
population-based study from Finland found that 3.24% of pa-
tients diagnosed with complicated acute appendicitis and
0.87% of patients diagnosed with uncomplicated acute appendi-
citis [23] actually had appendiceal neoplasia. Treatment of these
patients with antibiotics might have severe consequences in
terms of late diagnosis and risk of metastasis. This needs to be
considered another disadvantage of antibiotic treatment.

Quality of life plays an important role when comparing two
differential treatment approaches. This holds particularly true
when it comes to deciding between a medical and a surgical
treatment. For many people, surgery and the associated anes-
thesia, even when it comes to Broutine^ operations as is the
case for appendectomy, are considered stressful and affecting.
For such patients, surgery might potentially have a higher
impact on quality of life than a drug therapy, even when the
outcome is good and no complications are encountered. On
the other side, there might be patients who rate their quality of
life lower after conservative treatment because of a persisting
risk of recurrent appendicitis. Several studies showed that

Fig. 7 Risk of bias analysis

Fig. 8 Risk of bias, graphical
overview

Int J Colorectal Dis



patient preferences on the choice of treatment for appendicitis
differ in relation to socioeconomic factors and medical history
[24, 25]. These differing preferences will certainly affect qual-
ity of life as a function of the treatment the patient has re-
ceived. Unfortunately, none of the randomized trials published
so far has assessed patient preferences and quality of life.

This meta-analysis has some methodological limitations
which need to be considered in its interpretation. In contrast to
previous meta-analyses [26], we chose to include only random-
ized controlled trials. This enhances the validity of our results,
but at the same time excludes potentially relevant information
from non-randomized studies. Even though all included studies
are randomized controlled trials, some of them still have a con-
siderable risk of bias, as assessed with a specific tool. This might
inevitably bias the results of the meta-analysis. As demonstrated
by high I2 values, statistical heterogeneity between the included
trials was substantial for most outcomes. Therefore, summary
measures must be regarded with caution. Besides statistical het-
erogeneity, there is relevant heterogeneity in the clinical design of
the single trials. They used different tools for the diagnosis of
appendicitis. Physical examination and laboratory results were
uniformly used, but not all studies applied imaging such as ul-
trasound and CT for diagnosis. Moreover, the antibiotic regimen
varied between the studies so the best choice for first-line antibi-
otic therapy of uncomplicated appendicitis remains unclear.Most
patients in the trials underwent open appendectomy. Nowadays,
in many industrial countries, laparoscopic has replaced open ap-
pendectomy as standard treatment. There is evidence that the
incidence of wound infections is lower for laparoscopic appen-
dectomy [27]. Therefore, the incidence of complications in the
surgery arms of the included trials might be an overestimation
compared to more recent cohorts operated laparoscopically.

Compared to the previous meta-analysis by Wilms et al.
[14], our analysis was able to provide more detailed results
and has thus wider implications for clinical practice. This was
achieved through the inclusion of the hitherto largest random-
ized controlled trial and a different approach in the analyses.
Wilms et al. focused their analysis on the formal proof of non-
inferiority by looking at primary treatment success. While the
probability of primary treatment success was in both groups
similar to our results, the authors regarded their results as
inconclusive due to large confidence intervals overlapping
the non-inferiority boundary. Moreover, they did not specifi-
cally examine the outcome and morbidity of patients who
underwent secondary appendectomy following primary anti-
biotic treatment. Therefore, they were unable to evaluate po-
tential risks of primary antibiotic treatment.

In summary, our meta-analysis showed that antibiotic ther-
apy of uncomplicated acute appendicitis comes with a need
for subsequent appendectomy in more than a third of patients.
Therefore, appendectomy should still be considered the first-
line therapy for the disease. However, antibiotic treatment is
not associated with a higher incidence of complications than

appendectomy. In particular, secondary appendectomy does
not lead to more surgical complications. Consequently, anti-
biotic therapy can be recommended without jeopardizing pa-
tient safety. During individual decision-making regarding the
treatment of patients with uncomplicated appendicitis, physi-
cians should try to explore patients’ preferences [24, 25] and
provide unbiased and impartial information on the advantages
and risks of both therapeutic approaches, allowing for an in-
formed shared decision in line with the patient’s own needs
and expectations [28].
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