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The term evidence-based medicine was first coined by Sack- prognosis of disease, how to quantify disease (measure-

ett and colleagues1 as “the conscientious, explicit and judi-
cious use of current best evidence in making decisions
about the care of individual patients.” The key to practicing
evidence-based medicine is applying the best current
knowledge to decisions in individual patients. Medical
knowledge is continually and rapidly expanding, and it is
impossible for an individual clinician to read all themedical
literature. For clinicians to practice evidence-based medi-
cine, they must have the skills to read and interpret the
medical literature so that they can determine the validity,
reliability, credibility, and utility of individual articles.
These skills are known as critical appraisal skills. Generally,
critical appraisal requires that the clinician have some
knowledge of biostatistics, clinical epidemiology, decision
analysis, and economics as well as clinical knowledge.
The Canadian Association of General Surgeons

(CAGS) and the American College of Surgeons (ACS)
jointly sponsor a program titled, “Evidence-Based Reviews
in Surgery” (EBRS), supported by an educational grant
from Ethicon Inc and Ethicon Endo Surgery Inc. The
primary objective of this initiative is to help practicing
surgeons improve their critical appraisal skills. During
the academic year, 8 clinical articles are chosen for review
and discussion. They are selected not only for their clinical
relevance to general surgeons, but also because they cover
a spectrum of issues important to surgeons; for example,
causation or risk factors for disease, natural history or
501
College of Surgeons

.

ment issues), diagnostic tests and the diagnosis of disease,
and the effectiveness of treatment. Both methodologic and
clinical reviews of the article are performed by experts in
the relevant areas and posted on the EBRS website. A list-
serve discussion is held where participants can discuss the
monthly article. Fellows and candidates of the College can
access Evidence-Based Reviews in Surgery through the
American College of Surgeons website (www.facs.org).
All journal articles and reviews are available electronically
through the website. Currently we have a library of 50
articles and reviews, which can be accessed at any time.
Each October, a new set of articles will be available each
month until May. Surgeons who participate in the current
(modules) packages can receive CME credits by
completing a series of multiple choice questions. Addi-
tional information about EBRS is on the ACS website
or by email to the administrator, Marg McKenzie at
mmckenzie@mtsinai.on.ca.
In addition to making the reviews available through the

ACS and CAGS websites, 4 of the reviews are published
in condensed versions in the Canadian Journal of Surgery,
4 in the Journal of the American College of Surgeons, and 4
in Diseases of Colon and Rectum each year.
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Use of antibiotics alone for treatment of
uncomplicated acute appendicitis:
a systematic review and meta-analysis
Liu K, Fogg L. Surgery 2011;150:673e683.

Surgery versus conservative antibiotic
treatment in acute appendicitis: a systematic
review and meta-analysis of randomized
controlled trials
Ansaloni L, Catena F, Coccolini F, et al. Dig Surg
2011;28:210e221.
Objective: To compare the effectiveness and safety
of antibiotics and appendectomy in the treatment of
uncomplicated acute appendicitis.

Data Sources: Medline, Cochrane Controlled Trials
Register, Cochrane Library, and Embase.

Study Selection: Studies that compared treatment
with antibiotics alone to appendectomy in patients
with a diagnosis of acute appendicitis without known
abscess. The study by Liu and Fogg included both retro-
spective and prospective nonrandomized and randomized
studies. Only randomized controlled trials were included
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in the meta-analysis performed by Ansaloni and
associates.

Outcome Measures: Liu and Fogg reported antibi-
otic failure (defined as lack of improvement or clinical
progression within 24 to 48 hours of antibiotic initiation)
and recurrent appendicitis (defined as diagnosis of appen-
dicitis up to 1 year postdischarge) treatment complications
including and excluding the need for appendectomy and
need for antibiotics. No outcomes for the appendectomy
group were reported. Ansaloni and associates defined anti-
biotic efficacy as definitive improvement without need
for surgery at a median of 1-year follow-up, and surgical
efficacy as confirmation of acute appendicitis or other
appropriate indication for surgery at the time of
appendectomy.

Results: Liu and Fogg reported that the mean antibi-
otic failure rate was 6.9% (range 0% to 11.8%) and the
mean recurrent appendicitis rate was 14.2% (range
5.3% to 35%). A mean of 7.3% of patients (range
3.2% to 10%) had a normal appendix at appendectomy.
In the analysis by Ansaloni and coworkers, the odds ratio
for treatment efficacy of surgery over antibiotics was 6.01
(95% CI 4.27 to 8.47) and the odds ratio for complica-
tions was 1.92 (95% CI 1.30 to 2.85).

Conclusions: Liu and Fogg concluded that antibiotic
treatment may fail and there is a risk of recurrence, but
surgically treated patients are subjected to the risks of
operative morbidity and mortality. Antibiotic therapy
incurs significantly fewer complications. Ansaloni and
associates concluded that although a nonsurgical
approach in acute appendicitis can reduce the complica-
tions rate, the lower efficacy prevents antibiotic treatment
from being a viable alternative to surgery.

Commentary: Appendectomy has not been challenged
until recently as the treatment of choice for acute appendi-
citis, in part because of age-old concerns of progression to
perforation and the resultant complications.1,2 However,
multiple case series from remote or resource-poor areas have
suggested that antibiotic therapy can be successful in
resolving acute appendicitis.3-7 On the other hand, advances
in diagnostic capability, antibiotic therapy, and surgical
technique have resulted in laparoscopic appendectomy for
uncomplicated acute appendicitis safely being offered as
day surgery in certain settings.8

In 1995, Eriksson and Granstrom9 published the first
randomized controlled trial (RCT) of antibiotics vs appen-
dectomy in 40 adult patients. Since then, 4 additional
RCTs have been published,10-13 1 of which was subse-
quently retracted by the journal editors 2 years after
publication.14 In addition, there have been at least 6 system-
atic reviews andmeta-analyses addressing this question.15-20

Two of the meta-analyses argue for further high quality
RCTs.17,18 One meta-analysis argues that appendectomy
is still the gold standard therapy for acute appendicitis.15

The remaining meta-analyses vary in their recommenda-
tions from considering antibiotics as an option in selected
patients only,16 to offering antibiotics as an alternative to
appendectomy when appropriate counseling of patients
has occurred,19 to using antibiotics as a primary treatment
option for early acute appendicitis.20 Methodologic differ-
ences between meta-analyses, along with differences in
included studies, may account for the discrepancies in these
recommendations.
Systematic reviews and meta-analyses are used to guide

clinical decisions21and health care policy;22 performance
of a systematic review of the literature is the recommen-
ded first step in translating evidence into guidelines.23

Systematic reviews are comprehensive summaries of the
available evidence on a clinical topic that are performed
using rigorous methodology; they require transparency
and reproducibility in terms of the search strategy,
inclusion and exclusion criteria, study evaluation, and
synthesis of information. Meta-analyses are systematic
reviews that quantitatively pool the data to obtain
summary statistics. So, in deciding whether to apply
the results of systematic reviews and meta-analyses to clin-
ical care, several issues must be considered: 1. Internal
validitydwhat are the sources and direction of bias?
2. Appropriateness of quantitatively pooling the data
(for meta-analyses)dis there significant heterogeneity
between studies? and 3. External validity of the
resultsdcan the results be applied to my patients? These
issues are considered for 2 of the 6 meta-analyses address-
ing antibiotics vs appendectomy for uncomplicated acute
appendicitis: the Liu and Fogg 17 and the Ansaloni and
associates18 meta-analyses.

What are the sources and direction of bias?
Sources of bias in a meta-analysis can result from publi-
cation bias and from inclusion of poor quality studies.
Publication bias occurs when relevant published or
unpublished studies are not identified and included in
a systematic review or meta-analysis; a skewed representa-
tion of positive studies will result in an overestimation of
treatment benefit. When there are only a few studies
available for inclusion in a meta-analysis, the risk of
publication bias increases. Furthermore, because positive
studies are often more likely to be published, it is impor-
tant to search more than just popular bibliographic data-
bases. Strategies to ensure that all of the pertinent
literature is reviewed include scanning the reference lists
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of retrieved articles, translating non-English studies, con-
tacting content experts regarding knowledge of unpub-
lished studies, checking for registered trials (ie, at
clinicaltrials.gov), and searching the “grey literature.”
Research that is not published in traditional journals
(ie, dissertations), abstracts from conference proceedings,
and reports from governmental agencies are examples of
grey literature.
Publication bias can first be assessed by reviewing the

cited sources of studies. Liu and Fogg 17 searched only
Medline; Ansaloni and coworkers18 additionally searched
the Cochrane Controlled Trials Register, Cochrane
Library, and EMBASE. Liu and Fogg 17 excluded non-
English trials; Ansaloni and colleagues18 did not exclude
studies based on publication status or language. Ansaloni
and colleagues18 also performed a manual search of refer-
ence lists, but neither Liu and Fogg 17 nor Ansaloni and
associates18 described methods for identifying the grey
literature. Although Liu and Fogg17 did not describe
a comprehensive search strategy, all of the studies identi-
fied by Ansaloni and coworkers18 are in the Liu and
Fogg17 meta-analysis.
Publication bias can also be assessed using tools such as

the publication bias assessment. Liu and Fogg17 did not
formally assess for publication bias. Ansaloni and associ-
ates18 used the publication bias assessment, described by
Klein and coworkers,24 which calculates the number of
similar-sized unpublished studies that would be required
to render the results of the meta-analysis not statistically
significant at a p value of 0.05 (assuming that when aver-
aged, the studies show no effect of the treatment). For the
outcome of treatment efficacy, 86 additional trials would
have been required, and for the outcome of complica-
tions, only 4 additional trials would have been necessary.
The higher the number of trials, the less likely that publi-
cation bias has altered the results of the meta-analysis. So,
publication bias is unlikely to have affected the results
with regard to treatment efficacy but may have affected
the assessment of complications.
A more commonly used method that the authors could

have used to visually assess the risk of publication bias is
a funnel plot: the horizontal axis represents the magni-
tude of the treatment effect (ie, the odds ratio, [OR])
and the vertical axis represents the weight of the study
(ie, the sample size) or the precision of the estimate of
treatment effect (ie, the standard error of the logarithm
of the odds ratio). The resulting plot of studies should
resemble a symmetrical inverted funnel such that the
most precise study is at the top. Asymmetry in the funnel
plot suggests publication bias, although there can be other
explanations such as poor methodologic quality. In the
Ansaloni and colleagues18 analysis there appeared to be
no publication bias for treatment efficacy, but there are
only 4 trials included.
Regarding the methodologic quality of the included

studies, the Liu and Fogg17 analysis included 2 observa-
tional studies in addition to the 4 RCTs; the studies
were assessed using the Newcastle-Ottawa Quality Assess-
ment Scale for Cohort Studies.25 This scale evaluates 8
characteristics of cohort studies relating to patient selec-
tion, comparability, and outcome. Liu and Fogg17 consid-
ered the study quality to be good if 5 of 8 points were
achieved; they stated that all included studies achieved
at least 5 points. Despite these objective criteria, one
should be cautious of unavoidable biases associated with
observational studies. Randomized controlled trials are
considered the gold standard for studies of therapeutic
interventions because they minimize differences in base-
line characteristics, including both known and unknown
confounders, between treatment groups. Observational
studies can only adjust for known confounders. So, obser-
vational studies tend to overestimate the treatment effect
as compared with randomized trials.26

The Liu and Fogg17 and Ansaloni and associates18 meta-
analyses included the same 4 RCTs. Only 2 trials reported
adequate generation of the randomization sequence, 1 re-
ported allocation concealment, none were blinded, and
only 1 used an intention-to-treat analysis. One of the trials,
the trial byHansson and coworkers12 not only used an inad-
equate method to generate the randomization sequence
(birth dates), but also had just over a 50% crossover rate
in the group assigned to antibiotic treatment; 52.5% of
patients in the antibiotic group underwent surgery. And
as previously mentioned, one of the trials was retracted.14

So, overall, the trials had an unclear to high risk of bias.
The high crossover rate in the Hansson and colleagues12

trial deserves additional comment. An intention-to-treat
analysis is performed when patients are analyzed in the
group to which they were randomized, regardless of
whether or not the treatment was received. Intention-to-
treat analysis is recommended for superiority trials because
of preservation of the balance of baseline variables achieved
by randomization and prevention of bias due to differential
(or nonrandom) loss of patients.27 However, intention-to-
treat analysis may also underestimate the benefit of
a therapy. Given that receipt of appendectomy was classi-
fied as a failure of antibiotic treatment by Hansson and
associates,12 one should ask whether this trial, which
contributed 50% of the total patients in the Ansaloni and
colleagues18 meta-analysis (369 of 741), resulted in an
underestimate of antibiotic efficacy for acute appendicitis.
Methods for addressing this issue include performing
a sensitivity analysis, ie, calculating treatment efficacy
with and without the Hansson and colleagues12 trial, and

http://clinicaltrials.gov
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performing both per-protocol (as-treated) and intention-
to-treat analyses. A subsequent meta-analysis by Mason
and associates,19 which included an additional RCT, used
both approaches and found that the results for complica-
tions and treatment efficacy were not significantly changed.

Is there significant heterogeneity between
studies?
In mathematically combining studies into a meta-
analysis, one must assess how similar the studies are to
each other. There may be clinical, methodologic, or statis-
tical heterogeneity that preclude data synthesis. Clinical
heterogeneity can be determined by examining the details
of the studies. For example, the RCTs included in both
the Liu and Fogg17 and the Ansaloni and associates18 anal-
yses had differences between them in terms of patient
populations (1 RCT included only males), the method
of patient selection and in diagnosing acute appendi-
citis, the intervention or antibiotic regimens, and the
comparison or type of operation performed (1 RCT
included only 8 of 124 laparoscopic appendectomies).
Methodologic heterogeneity was present in that in 1 trial,
there was a high crossover rate, as already described.
Statistical heterogeneity can be determined by evalu-

ating the forest plots of individual studies, which show
the point estimates of treatment effect and the 95%
CIs. Studies are homogenous if the point estimates are
similar and the 95% CIs overlap. Visual examination of
the forest plots in the Ansaloni and coworkers18 analyses
of treatment efficacy and complications shows no obvious
heterogeneity. Alternatively, statistical tests such as the
Cochran’s Q or I2 statistics can be performed, although
meta-analyses are often underpowered to detect heteroge-
neity. If the Cochran’s Q test is significant (p < 0.05),
then the differences observed between studies are unlikely
to be due to chance and there is heterogeneity present. In
the Liu and Fogg17 analysis, the test was nonsignificant,
with a p value of 0.189 for the analysis of complications.
In the Ansaloni and colleagues18 analysis, no significant
statistical heterogeneity was noted for treatment efficacy,
perforated appendix, or complications.

Can the results be applied to my patients?
The external validity, or generalizability of the results to
patients in the United States and Canada or to other
settings, is limited. The patients were primarily from Euro-
pean countries. In addition, the Liu and Fogg17 analysis
excluded studies of only pediatric patients; the youngest
age in the included RCTs was 18 years old. One of the
studies excludedwomen andoverall, therewas a preponder-
ance of men (ie, 70% [830 of 1,201] in the Liu and Fogg17
analysis). Tinidazole was prescribed in half of the studies;
however this agent is not commonly used in the US or
Canada for treatment of intra-abdominal infections. The
surgical approach (laparoscopic or open appendectomy)
was not described in the majority of included studies, but
open appendectomy appears to have been mainly used.
In contrast, the majority of appendectomies in the US
and Canada are performed laparoscopically, which is asso-
ciated with fewer wound infections and shorter hospital
stays.28,29 Routine CT scan was not performed in most of
the included studies, which may have resulted in patients
with complicated appendicitis being included.
Ultimately, in deciding whether or not to use a therapy,

risks and benefits as well as other important outcomes
measures should be considered. Based on these
meta-analyses, there is insufficient evidence on which to
make a decision weighing benefits and burdens. Surgery
has greater treatment efficacy than antibiotic treatment,
but a higher risk of complications. However, treatment
efficacy was variably defined. Complications were also
not standardized across included studies, were not consis-
tently reported, and were not attributed to the treatment
groups in a similar manner. Furthermore, other impor-
tant factors such as length of stay, costs, and patient satis-
faction were assessed in only 1 of the included RCTs.
In conclusion, the evidence to date is not definitive

enough to change routine practice. However, evidence-
based medicine does not require Level I evidence, but
merely that clinicians judiciously and conscientiously
apply the best available evidence in making decisions
about the care of individual patients.30 So, current evi-
dence provides support for the feasibility and safety of
antibiotic therapy in patients with uncomplicated acute
appendicitis. However, individual patient factors such as
surgical risk, compliance with medical therapy, values
placed on time to return to work or pain, anxiety about
the risk of recurrence, and patient preferences should
factor into the decision about which patients to offer anti-
biotic therapy alone. Further high quality RCTs are indi-
cated, but need to have outcomes that are clinically
relevant and patient-centered and to address unanswered
questions such as which patients are most likely to benefit
from (or fail) antibiotic therapy alone.
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