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Abstract

Background: Suspected acute appendicitis is the most frequent cause for emergency operations
in visceral surgery worldwide. In approximately twenty percent of all cases however, the diagnosis
is incorrect and patients undergo surgery without having acute appendicitis. Operations of bland
appendices put patients at risk and entail a serious waste of resources. Several highly accurate tests
have been introduced to diagnose acute appendicitis. The false positive rate however, has not
changed over the last twenty years. Given the variation that exists in both practice and research,
the uncertainty regarding the quality of the underlying evidence, there is a clear need for
comprehensive, systematic and quantitative overviews of the diagnostic value of the various tests

purported to be predictive of acute appendicitis.

Methods: Literature will be identified searching general bibliographic databases (MEDLINE and
EMBASE), specialist computer databases (DARE, Cochrane Database of Systematic Reviews,
conference proceedings, MEDION, SCISEARCH, BIOSIS) without language restrictions. We will
contact experts and the manufacturers of tests. Hand-searching will complete our searches.
Identified articles will be selected according to populations, tests, outcomes and study design.
Papers meeting the selection criteria will be appraised to rate their methodological quality. Analysis
will include exploration of heterogeneity in results. We will conduct meta-analyses to generate
summary estimates of test accuracy measures and summary ROC curves where appropriate. If
meta-analysis is considered to be inappropriate, we will describe the identified evidence in the

context of appraised quality.

Discussion: These reviews should lead to formulation of recommendations for current practice

and future research.
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Introduction

Suspected acute appendicitis is the most frequent cause
for emergency operations in visceral surgery worldwide.
In the UK 37,289 patients had an emergency excision of
the appendix in the year 2000 [1]. In approximately twen-
ty percent of all cases however, the diagnosis is incorrect
and patients undergo surgery without having acute appen-
dicitis at all [2-5]. Operations of bland appendices may
lead to morbidity in 4.6 percent [6] and to mortality in
0.14 percent [6] of cases. Despite the introduction of re-
ports of highly accurate diagnostic procedures for the di-
agnosis of acute appendicitis a big retrospective cohort
study [7] concluded that the rate of misdiagnosis (the
false positive rate) has not changed over the last twenty
years. One potential explanation of that finding might be,
that studies reporting on test accuracy overestimate the
true potential of correct classification due to inappropri-
ate methodology and bias of reported results since prima-
ry research on evaluation of tests is generally poor in
quality [8-10].

Online searches of the electronic databases revealed a
number of broad reviews, commentaries and recommen-
dations on tests for predicting acute appendicitis but there
was a dearth of focused, rigorous diagnostic overviews of
the available evidence. These publications showed that
there are several prediction rules and tests or markers pur-
ported to be predictive of acute appendicitis. However,
they offer only limited guidance for practice because tradi-
tional literature reviews evaluating tests for acute appendi-
citis have not applied the scientific strategies to assemble,
appraise, and synthesize relevant evidence, which have
been embodied in the criteria for high quality reviews.

Given the variation that exists in both practice and re-
search, the uncertainty regarding the quality of the under-
lying evidence, and the importance of early prediction of
acute appendicitis in view of the available effective treat-
ments, there is a clear need for a comprehensive, system-
atic and quantitative overview of the diagnostic value of
the various tests purported to be predictive of acute ap-
pendicitis.

At present there is a dearth of such reviews and in this
commentary, we will describe how we are using such a
systematic approach to collate and critically appraise the
available literature in the diagnosis of acute appendicitis.

Methods

Study identification

Non-comprehensive search strategies can lead to signifi-
cant bias in the retrieval of relevant literature. This weak-
ens the strength of inferences from systematic reviews and
poses a particular problem in reviews of diagnostic tests
[11,12]. Therefore we will identify literature via general
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bibliographic databases including MEDLINE and EM-
BASE, specialist computer databases such as DARE and
MEDION (a database of diagnostic test reviews set up by
Dutch and Belgian researchers), the Cochrane Database of
Systematic Reviews, relevant specialist registers of the Co-
chrane Collaboration, conference proceedings and BIO-
SIS without language restrictions. In addition we will
contact individual experts and those with an interest in
this field to uncover grey literature and we will contact the
manufacturers of tests. Hand-searching of selected special-
ist journals, checking of reference lists and SCISEARCH to
identify frequently cited articles will complete our search-
es. In cases of duplicate publication, the most recent and
complete versions will be selected. A comprehensive data-
base of relevant articles will be constructed - a prelimi-
nary search has been carried out in order to estimate the
size of the relevant literature. MEDLINE Searches located
800 potentially relevant citations. Expanding search to
other databases, hand searching, reference list searching
and or contact with authors might add another 100% ci-
tations, so the total is likely to be 1600. Letters will be sent
to major centres and the first author of each shortlisted se-
lected paper published in the last five years, asking them
whether they know of any published or unpublished rele-
vant studies not included on our list. The search strategy
used to identify articles in MEDLINE is shown in: appen-
dix.doc.

Study selection

Studies will be selected for inclusion in the review in a
two-stage process using the selection criteria based on
those shown in Table 1. First, a comprehensive database
of the literature search will be constructed. The citations
will be scrutinised by two reviewers to obtain copies of
full manuscripts of all citations that are likely to meet the
selection criteria. Two reviewers will then independently
select the studies, which meet predefined, and explicit cri-
teria regarding populations, tests, outcomes and study de-
sign. These criteria will be pilot tested using a sample of
papers and agreement between reviewers will be meas-
ured. When disagreements occur the two reviewers will
meet. Experience suggests that often the cause of the disa-
greement is a simple oversight on the part of one of the re-
viewers. When this is not the case the issue will be
resolved by consensus involving a third reviewer.

Study validation

Papers meeting the selection criteria will be appraised to
rate their methodological quality. In addition to using rat-
ings of study quality as possible explanations for differ-
ences in results, the extent to which primary research met
methodological standards is important per se for assess-
ing the strength of any conclusions that are reached. There
is an ongoing debate over what constitutes the best quality
assessment tool for diagnostic test studies. We will evalu-
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Table |: Study Selection Criteria.

Population: Patients suspicious to have acute appendicitis
Diagnostic tests:

Prediction rules

Inflammatory markers (C-reactive protein, leucocytes count)
Transabdominal ultrasound

Computer Tomography (CT)

Magnetic Resonance Imaging (MRI)

Scintigraphy

Diagnostic laparoscopy clinical history and physical examination
Outcome measures: Test accuracy, morbidity and mortality from
misdiagnosis

Study design: Diagnostic test studies will be selected. They consist
of observational studies (prospective or cross-sectional) of defined
non-randomised populations in which the results of the diagnostic
test of interest are compared with the results of a reference standard
allowing generation of a 2 X 2 table to compute indices of diagnostic
accuracy.

Table 2: Criteria for study validation.

Population: Consecutive recruitment of an appropriate spectrum of
eligible patients will be considered ideal. Convenience sampling, i.e.
arbitrary recruitment or non-consecutive recruitment will be deemed
inadequate. In the absence of any explicit information on the method
of recruitment, the article will be categorised as unclear reported
population enrolment.

Diagnostic test: The description of the diagnostic test will be con-
sidered ideal if the methodology is reported together with the meas-
urement parameter and the cut-off level for an abnormal result. In the
absence of any of the above information in the manuscript, then the
diagnostic intervention will be considered as unclear reported.
Outcome measures: Blinding will be considered ideal if it is clearly
reported that the results of the various tests were not divulged. Infor-
mation on the number of patients recruited into the study and those
whose outcome data were known will also be sought from the manu-
scripts. Withdrawal of patients from the study, missing data and lack
of outcome data outwith the study hospital will be categorised as lost
to follow-up. In particular we will look for evidence of verification bias
where the rates follow-up and confirmation of outcome are different
in patients with positive test results compared to those with negative
test results.

Any available randomised trials will be assessed for validity separately
to the diagnostic accuracy studies considering factors associated with
bias in such trials, e.g. concealment of randomisation, sequence gener-
ation, blinding and follow-up.

ate elements of study design, which are likely to have a di-
rect relationship to bias in a diagnostic test study
[10][13][14][15]. The items shown in Table 2 will be used
for methodological quality assessment. Agreement for the
quality assessments will be calculated, and disagreement
resolved, in the same fashion as for the assessment of
study selection. We will evaluate the agreement between
the two reviewers using percentage agreement and weight-
ed kappa statistics [16].
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Data collection

The extraction of study's findings will be conducted in du-
plicate using a pre-designed and piloted data extraction
form to avoid any errors. Given the extent of insufficient
reporting in the medical literature, we propose to obtain
missing information from investigators whenever possi-
ble. It is otherwise impossible to distinguish between
what was done but not reported and what was not done.
A template of data extraction form is shown in: appen-
dix.doc.

Analysis

By analysis we mean synthesis of results from individual
studies (meta-analysis), and exploration of variation in re-
sults from study to study (heterogeneity) and generation
of the most useful combination of tests. We will conduct
meta-analyses to generate summary estimates of sensitivi-
ties, specificities, predictive values, likelihood ratios (LRs)
and receiver operating characteristic (ROC) curves where
appropriate [13,14,17]. If meta-analysis is considered to
be inappropriate, we will describe the identified evidence
in the context of appraised quality. If a meta-analysis is
considered appropriate, we will examine the correlation
between true positive rates and false positive rates in indi-
vidual studies. If the correlation is poor, we will use LR as
the main accuracy measure. If we find a correlation then
we will generate a summary ROC curve [18] in addition to
pooling of LRs. Many authorities considered this the pre-
ferred method of pooling test results from primary studies
[13,14,17]. The summary ROC plot provides a way of
summarising the performance of a test from the results of
several studies over a range of test thresholds. However,
our preference for LRs is based on the published recom-
mendations that LRs are more clinically meaningful as
measures of diagnostic accuracy [15]. Our experience has
been that the true positive rates and false positive rates in
individual studies are poorly correlated in which case it is
not feasible to generate a summary ROC curve. Moreover,
when the outcome of a test is of binary nature (positive or
negative) LRs are more clinically meaningful than ROC
curves. One disadvantage of analysis using LR is that it
generates two measures for each test, one for a positive re-
sult and another for a negative result. A ratio of LRs will be
used to generate a single measure called diagnostic odds
ratio, which is more suitable for statistical analysis. For the
purpose of meta-analysis, we will weight the logLR from
each study in inverse proportion to its variance in order to
combine the LRs from each study. To demonstrate the
practical application of the summary LRs generated, we
will calculate posttest probabilities for acute appendicitis
using Bayes' theorem. An estimate of the pretest probabil-
ity will be obtained by calculating the prevalence of the
outcome event in the population studied. The following
algorithm of equations will be used for calculating post-
test probability:
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pretest probability = prevalence of acute appendicitis

pretest odds = pretest probability / (1 - pretest probabili-
ty)

posttest odds = likelihood ratio x pretest odds
posttest probability = posttest odds / (1 + posttest odds)

In order to deal with the uncertainty of the estimate, we
will generate 95% confidence intervals around the point
estimate. Approximate variance for the posttest odds will
be obtained by adding the variances of the combined LRs
and pretest odds, enabling the calculation of its 95% con-
fidence intervals. The 95% confidence intervals for the
posttest probabilities will then be generated by converting
the limits of the posttest odds to their respective probabil-
ities.

Heterogeneity of results between different studies will be
formally assessed using the Breslow-Day test which com-
pares for each study the ratio of the odds of having the
outcome of interest when the test result is positive to the
odds of having the same outcome when the test result is
negative[19]. To explore causes of heterogeneity in the es-
timates of diagnostic accuracy of the tests for acute appen-
dicitis, we will conduct a sensitivity analysis. This will be
carried out by subgroup analyses to see whether variations
in population, intervention, outcomes and study quality
will affect the estimate of diagnostic accuracy. Results of
pooled analyses will be provided within cogent patient
groups.

Discussion

In summary, systematic reviews of diagnostic literature to
predict acute appendicitis allow us to assess the quality of
the available evidence and to identify specific tests (in-
cluding history, physical examination and tests) that have
diagnostic value. These reviews should lead to formula-
tion of recommendations for current practice and future
research. Just as an evidence-based culture in delivery of
health care has been supported by systematic reviews of
literature on therapeutic interventions, we can expect to
see an extension of this approach in the area of care in-
volving use of diagnostic and screening tests.
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