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Abstract

Background: Acute appendicitis is a very common disease with a life time risk of approximately 7-8%. Worldwide, the standard
of care for appendicitis is appendectomy that is to date considered generally a “routine and safe operation”. However, the mortality
rate of appendectomy is 0.7% and 2.4% in patients without and with perforation, respectively.
Aim: The paper aims to investigate the debate on surgical and non surgical treatment of acute uncomplicated appendicitis.
Methods: Pubmed and embase were queried for “acute appendicitis, antibiotics, surgery, conservative treatment, diagnosis”. All
prospective randomized studies, meta-analysis, systematic reviews and significant retrospective studies were retrieved. A brief
analysis of single RCT and meta-analysis was conducted. Finally, the topic was developed by focusing on several clinical aspects.
Discussion and conclusions: The comparison of surgery and antibiotics, in terms of efficacy to treat acute appendicitis, is
intrinsically complex due to the huge disparity of management and treatment options. After establishing an institutional validated
clinical score, uncomplicated appendicitis in adult can be safely and successfully treated by antibiotic therapy an in-hospital setting
if the patient is well informed. Nevertheless, outpatient antibiotic treatment cannot be proposed as a routine clinical practice. High
risk patients should be treated with antibiotics whilst any treatment failure should be considered for mandatory surgery.
Keywords: Appendicitis, surgery, antibiotics, conservative treatment

Background
long time ago. In 1959 Coldrey reported a five-year experience
Acute appendicitis (AA) is a very common disease with a life of 471 unselected patients, with non operative treatment of
time risk of 7-8%, the highest incidence found in the second AA. The Authors report low morbidity and mortality rates [11].
decade of life [1]. Although the aetiology of AA is still poorly In 1977, 425 unselected patients were treated by traditional
understood, the most common hypothesis refers to appendix Chinese medicine and antibiotic treatment and recurrent
obstruction followed by impairment of wall appendix barrier appendicitis was described in 7/100 patients [12].
and subsequent wall perforation and/or abscess formation
The present review aims to review existing data on the
[1]. However, some studies suggest that uncomplicated and conservative management of uncomplicated AA using antibiotic
complicated appendicitis are different entities that require a treatment.
different treatment [2,3].
Worldwide, the standard of care for appendicitis is append- Brief analysis of randomized controlled trials (rct)
ectomy, to date considered generally a “routine and safe and meta-analysis (ma)
operation”. However, the mortality rate of appendectomy ranges
1. The Eriksson study: presented a very small population
from 0.07 to 0.7% and from 0.5 to 2.4% in patients without and
with only 20 patients recruited per arm. One patient in
with perforation, respectively [4,5]. Although relatively low,
the antibiotic group underwent surgery [13].
mortality associated with an emergency appendectomy is age
2. The Styrud study: was a well-designed study. However,
related and seven times higher than the general population
the diagnosis was strictly linked to surgeon suspicion,
matched per age and gender [4]. Meanwhile, overall post
women were excluded and no common endpoint for
appendectomy complication rates are around 10-19% for AA
both arms was established. In both groups, the perforation
without perforation and can reach 30% for perforated AA [6-8].
rate was 5%. Out of the patients in the antibiotic arm, 86%
The peri-operative morbidity rate for removing a normal
improved without surgery, while 17 patients (12%) required
appendix in patients suspected of having AA is the same as
surgery within 24 hours. The diagnosis was correct in 97%
that for intervention in non-perforated AA [9,10].
of the cases. The 1 year recurrence rate was 14% [14].
However, a more detailed analysis of the literature shows
3. The Hasson study: the diagnosis looked strictly linked to
that conservative management of AA has been considered a
surgeon’s skill; the randomization was related to the date
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of birth; the subjective diagnostic criteria could explain
that 96 patients from the antibiotic group were transferred
to the surgical group and 10 patients form the surgical
group went into the antibiotic group. Moreover, the
primary endpoints were largely different between the
two arms of the study [15].
4. The Malik study: was withdrawn by editors in October
2011 because a portion of data was already published
by Eriksson [16].
5. The Vonns study: CT criteria used to define appendicitis
are not worldwide accepted. Furthermore, the use of CT
scan for the diagnosis of appendicitis is uncommon even
in developed countries leading to non-reproducible
protocols. Due to the use of CT scan as first step, we can
suspect some delays in antibiotics administration.
Furthermore, the route of antibiotic administration is
different among groups. As the Authors underline, the
use of amoxicillin plus clavulanic acid as a single agent
could explain the higher rate of failure compared to other
trials. The primary endpoint is evaluation of post treatment
peritonitis. However, 21 patients randomized to surgery
showed signs of peritonitis during the operation despite
the previous CT scan diagnosis of uncomplicated AA.
These patients were excluded from analysis while a
similar percentage of patients has been included in the
antibiotic arm [17].
Conflicting conclusions arise also from the metaanalysis
(MA), surely a useful statistical method to overcome the
potential limitations and biases that arise from a single study.
However, the potential pitfalls of such analysis, which is often
based on the combination of poor studies, are well known.
Briefly, we list the results of the most recent (2009-2012) MA
available from the literature:
1. The Ansaloni study: although a non-surgical approach
in AA can reduce overall complication rate, the lower
efficacy prevents antibiotic treatment from being a viable
alternative to surgery. Since only a small number of RCTs
of poor methodological quality are available, welldesigned RCTs are needed for further investigation [18].
2. The Liu study: In some cases, antibiotic treatment may fail,
thus there is a risk of AA recurrence. However, surgically
treated patients, including those with the potential
for spontaneous resolution and those with a normal
appendix, are exposed to the risks of operative morbidity
and mortality. Antibiotic therapy can surely significantly
provide lower complication rates. Prospective randomized
studies are urgently needed to conclusively define the
roles of appendectomy and antibiotic treatment in the
management of uncomplicated acute appendicitis [19].
3. The Wilms study for the Cochrane Collaboration Group:
the upper bound of the 95% CI of ABT for cure within two
weeks without major complications crosses the 20%
margin of appendectomy, so the outcome is inconclusive.
Furthermore, the quality of the studies was low to
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moderate and therefore the results should be interpreted
with caution and definite conclusions cannot be drawn.
Therefore, the Authors conclude that appendectomy
remains the standard treatment for acute appendicitis.
Antibiotic treatment might be used as an alternative
treatment in a good quality RCT or in specific patients or
in conditions were surgery is contraindicated [20].
4. The Varadhan study: antibiotics are both effective and
safe as primary treatment for patients with uncomplicated
acute appendicitis. Initial antibiotic treatment deserves
consideration as a primary treatment option for early
uncomplicated appendicitis [21].

Safety: mortality and morbidity

Mortality rates following appendectomy range from 0,07 to
0.7% and from 0.5 to 2.4% for appendicitis without or with
perforation, respectively [4]. However, mortality is not strictly
linked to the degree of inflammation/complication, but it is
also related to the trauma of anaesthesia and surgery [22,23].
Blomqvist et al., published a very interesting epidemiological
study of appendectomies performed in Sweden. In this study,
appendectomies performed for unspecific abdominal pain
and for other diagnosis showed a case fatality rate of 1.87 and
9.89 respectively. For patients operated for suspected AA but
discharged with no-specific abdominal pain diagnosis, the
cause of death was non-abdominal in 70% of cases. A more
recent retrospective analysis conducted using data from the
US National Inpatient Sample from 1998 to 2007 described
the rate of negative appendectomy of 11.83% and among
these patients mortality was 1.07% [24].
Age and co-morbidities increase the percentages of mortality
after appendectomy for appendicitis up to 0.1%, 2.6%, 6.8%,
and 16.4% in patients aged 40, 70, 80, 90, respectively [4].
On the contrary, antibiotic therapy does not appear to
be a harmful treatment option as well demonstrated in the
literature with case series, RCT and MA. Coldrey reported one
death among 471 patients treated conservatively in 1959
[11,16]. No randomized trial has been able to demonstrate
that antibiotic failure following surgical delay is associated
with increased mortality or morbidity compared to primary
surgery. The safety of delayed appendectomy, defined as
30-days outcomes, has been also confirmed by Ingraham in
a retrospective study of 32,782 patients [25].
Although some clinical trials have failed to well define
complications [13,14,18], the morbidity scenario ranges from
superficial wound infections to cardiac complication related
to surgery and anaesthesia. Hansson found a significantly
lower rate of major complications in the antibiotic group
comparing to surgery both in the intention to treat either
in the protocol analysis: 5.4% vs 10.8% and 2.5% vs 10%,
respectively. Minor complications didn’t differ among groups
[15]. On the other hand, according to Vons, post-treatment
peritonitis likely correlated with antibiotic therapy, however
without reaching statistical significance [17]. Generally, in
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case of non-perforated appendicitis, post appendectomy
morbidity rates range between 10 and 20%, reaching 30%
when perforation occurs.
Finally, one specific complication of surgery is peritoneal
adhesion formation, even with the laparoscopic approach.
Almost 1.5% of patients who underwent surgery for acute
appendicitis requires surgery within the following 30 years due
to bowel obstruction from appendectomy related peritoneal
adhesions [4,15,26].

Efficacy

The comparison of surgery and antibiotics in terms of efficacy
to treat AA, is intrinsically complex due to the huge disparity
of treatments available. Consequently, we attempted to
summarize the terms of the debate.
Hypothetically, surgery can treat acute appendicitis in
100% of cases with the mortality and morbidity rate already
described. Primary antibiotic failure has been variously defined
by different authors leaving many decisions to personal
judgement even in large clinical trials. As a consequence, the
rate of failure within 48 hours ranges from 5% to 47% [18].
When primary failure occurs, all authors agree for surgery
as no mortality or significant morbidity is added in case of
delayed surgery.
Recurrence of appendicitis after appendectomy is quite
impossible. However the inflammation of a long (>0.5 cm)
residual appendiceal stump has been described in 61 cases
from 1945 to now [27].
First-year recurrence rate of AA successful treated by antibiotic ranges between 10 and 15% [18]. Higher percentages
have been reported in the previous study of Eriksson [13,18]
and in a recent prospective study by Vons et al., (36.8% and
26% respectively) [17].
Due to the rate of recurrence, according to the Ansaloni
meta-analysis, the clinical effectiveness favours surgery.
However, the Cochrane review showed that, due to the lowmoderate quality of studies, only minor complications in the
two groups can be truly compared [20].
Surprisingly, a different interpretation of the same studies
has been published in the British Medical Journal and the
authors conclude that antibiotics are both effective and safe
as primary treatment for patients with uncomplicated AA [21].

Potential advantages of non-surgical treatment

Acute appendicitis successfully treated by antibiotics still
remains a potential source of recurrent appendicitis. On
the other hand, post-operative wound infections and post
appendectomy bowel obstruction, even after 30 years from
appendectomy, have been described. What is the most
important issue for the single patient? Probably there is not
a right answer to this dilemma.
Historically, the link between appendicitis and surgery has
been necessarily challenged by antibiotics in a poor surgical
scenario such as in 9 US submariners [28] and in patients
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aboard Soviet ships treated at sea. In the latter Gurin et al.,
by reviewing the conservative treatment outcomes in 252
patients with AA on vessels of the Kalingrad fishing industry
from 1975 to 1987, reported a recovery rate of 84.1% with
the only use of antibiotics [29].
Thus, antibiotics offer the opportunity to treat AA even
when surgical resources are not easily available such as in
developing countries.
Moreover, worldwide health systems everyday carefully
assessing the cost effectiveness of all medical actions. A
significant difference in hospital costs was reported by
Hansson et al., with a reduction in expenses of 25-50% in
the antibiotic group compared to surgery [15].
The antibiotic approach offers the opportunity to avoid
“white” appendectomies and thus allowing a more correct use
of health resources even in the busy scenario of developed
countries.
The same rationale of approach can be useful in the setting
of surgically high risk patients [20,30]. In 2012 Tugnoli and
collaborators, from Italy, reported the preliminary results
of a prospective observational study on the non-operative
treatment for acute appendicitis (NOTA-study): they found
a relapse rate of AA at six months of 8.3%: patients with new
episode of AA mandate surgery [31,32].
Finally, there is no doubt that in case of success (approximately
80%) the antibiotic treatment can eliminate the mortality
and morbidity risk related to surgery.

The antibiotic choice

Antimicrobial therapy plays an integral role in the management
of intra-abdominal infections, especially in critically ill patients
who require immediate empiric antibiotic therapy. An
insufficient or otherwise inadequate antimicrobial regimen
is one of the variables most strongly associated with unfavourable outcomes [33,34]. In the treatment of AA, antibiotic
therapy remains a cornerstone but surgery is still considered
the gold standard [17,18,30]. Many different antibiotic regimen
have been used to treat AA and many different studies have
been started to compare different antibiotics regimen in the
treatment of localized or diffuse peritonitis [35].
Definitive recommendations regarding the optimal
antibiotic treatment of AA have not been established yet.
Several types of antibiotics and combinations of them which
can be used in the treatment of AA have been proposed [13,14].
The possibility to effectively treat AA and intra-abdominal
infections in general with a mono-therapy has made triple
regimen antibiotic treatment obsolete [30,36]. Moreover, the
possibility to administer oral antibiotics, which are absorbed
so efficiently through the gastrointestinal tract allows to treat
many serious infections (acute diverticulitis and AA with
phlegmon or abscess) on an outpatient basis with efficacy
equal to intravenous regimens [36-38]. Generally, in the
majority of treatment protocols, antibiotics are administered
intravenously for 24–48 h. Patients are then discharged with

3

Pisano et al. Emergency Medicine & Health Care 2013,
http://www.hoajonline.com/journals/pdf/2052-6229-1-2.pdf

doi: 10.7243/2052-6229-1-2

oral antibiotics for approximately 7–10 days [13,14,18].
in Group 2 (score 5-8) patients with an higher probability
The two main obstacles to the antibiotic treatment of AA to suffer of AA (sensibility and specificity), in Group 3 (score
are the increasing antibiotic resistances and allergies. The 9-12) patients with a very high probability to suffer of AA.
frequent use, and several times the misuse of antibiotics in
the treatment of intra-abdominal infections is leading to an Conclusions
increase of the number of bacteria resistant to the different The surgical treatment of AA can be universally considered a
lines of antibiotics. The choice of the therapy regimen in “mile stone” in modern medicine. Nevertheless, the literature
each patient should be driven by the necessity to defeat the has shown an unexpected worldwide interest in reconsidering
infection without creating a new resistant clone of bacteria [39]. this dogma as demonstrated by five RCT in the last fifteen
Surgeons should know the different possibilities in antibiotics years and four MA presented in the last 2 years.
regimens and each time should choose the more adequate.
The comparison of surgery and antibiotic therapy is still a
challenging issue. Should we compare the rate of early failure
In favour of surgery
in the antibiotic arm with the rate of white appendicitis? Or
The first obvious advantage is that surgery reduces risk of should we compare the recurrence rate of antibiotic treated
recurrence with a small percentage of mortality and morbidity. appendicitis within 30-days and long-time morbidity of
The second advantage is that surgical intervention offers surgery? Furthermore, how should we consider occasionally
the opportunity to “take a look inside the abdomen”. Although discovered tumours in the appendicitis specimen? And finally,
appendectomy is not an official diagnostic tool for malignancy, how to analyze the risk of antibiotic resistance?
carcinoid is found in 3-7/1000 appendectomies and colon
In order to reduce the rate of “white appendicitis” and misdicancer in 0.85% cases [40,41].
agnosis there is the need to improve the diagnostic power.
Probably, we should compare the risk of missing tumours Therefore, we suggest to adopt at least a single institutional
with the 0.07-0.7% mortality risk of appendectomy performed clinical diagnostic tool and algorithm. US, when available,
for AA without perforation.
could represent an extension, but not a substitution, of a
The third advantage arises from the reduced use of antibiotics.
clinical score and assessment. CT scan should be used in
Whilst antibiotics are generally stopped after the removal
difficult cases to help pin point diagnosis, in dedicated centres.
of a normal or phlegmonous appendix, patients treated
The comparison of antibiotic and surgery needs an homoby antibiotic therapy alone will receive a longer course of
genous and more objective patient selection and guidelines.
drugs. Thus, the increasing risk of the antibiotics resistance
Some advantages and some disadvantages are intrinsic in
is theoretically reduced by the surgery.
the treatment choice and cannot be compared. Furthermore,
currently it is difficult to correctly assess the risk-benefit ratio
Weak points in the analysis of the literature
between recurrent rate of appendicitis at one year with the
Despite appendicitis has been largely described, the
potential risk of post-operative bowel obstruction.
preoperative diagnosis of AA is still not very well defined and
Surgical mortality should be also compared to antibiotic
clinical expertise is required. The rate of white appendix as
mortality
and morbidity. The peculiar characteristics of single
well the rate of different diagnosis could be used to estimate
treatment
cannot be scientifically compared.
the diagnostic dilemma.
There
are
In our opinion, after establishing an institutional
CT scan offers the best tool in obtaining preoperative
diagnosis, however distinction between uncomplicated and validated clinical score, uncomplicated appendicitis in adults
complicated AA remains difficult even with multiple-detector can be safely and successfully treated by antibiotics in an inCT scans [17,42,43]. Despite the accuracy of CT scan, its routine hospital scenario if the patient accepts pro and cons and is
use in the appendicitis settings is poor even in developed correctly counselled. On the other hand, outpatient antibiotic
treatment cannot be proposed as a clinical standard practice.
countries and in the only randomized study by Vons.
High
risk patients should be treated by antibiotics whilst
Moreover,the usefulness of CT scan in the management
surgery
is to be considered mandatory after conservative
of AA has been criticized because it can potentially delay
treatment
failure.
the immediate intravenous antibiotic (“door to needle time”)
In
conclusion,
our clinical decision making currently derives
which could play a role in the outcome of patients treated
from
RCT
and
MA
that present multiple limitaitons and
by antibiotic alone [44-46].
biases.
Therefore,
we
designed the ASAA study: an ongoing
Alvarado proposed a clinical score which has been largely
multicentre,
prospective,
randomized study comparing
adopted and sometimes modified locally to became simpler.
antibiotic
therapy
and
surgery
[48]. Hopefully, the data will
More recently, Andersson proposed a new clinical score
provide
a
better
insight
into
the
current management of AA.
which has been proven to outperform the Alvarado score
[47]. According to this diagnostic tool, patients are divided
in three groups. In Group 1 (score 0-4) patients with a very Competing interests
low probability to suffer of AA (sensibility and specificity), The authors declare that they have no competing interests.
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