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Retrospective audit of patients
presenting for ultrasound with
suspicion of appendicitis

Abstract

Purpose: To assess the ultrasound performance on patients presenting to Waikato hospital ultrasound
department with a clinical suspicion of appendicitis.

Method: This was a retrospective audit of 309 patients presenting to our department within business
hours with clinical suspicion of appendicitis between September 2012 and March 2014. The patients
were evaluated by operators of mixed experience. The scan reports, surgical reports, histology and
discharge summaries were reviewed.

Results: The overall sensitivity of ultrasound on detecting appendicitis was 50%, the specificity
was 98.5%. The positive predictive value and the negative predictive value were 84% and 92.6%
respectively. The appendix was visualised in 14% of the true positive cases. When the appendix was
visualised, the sensitivity and specificity of ultrasound was 95.2% and 69.2% respectively.
Conclusion: The sensitivity of ultrasound to appendicitis was lower than that commonly reported in

the literature, but on a par with a recent audit from another tertiary hospital in New Zealand.
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Introduction

Appendicitis constitutes one of the most
common abdominal emergencies. Diagnostic
ultrasound is the imaging modality of choice
in patients with suspected appendicitis due
to its accessibility, lack of ionising radiation
and good diagnostic accuracy reported in the
literature. The principal limitation of ultrasound
is the variability of its diagnostic performance
depending on operator experience, patient
population characteristics (paediatric versus
adult) and body characteristics of the individual
patient. A wide range of sensitivity and specificity
of ultrasound for appendicitis has been reported.
Whether ultrasound is a reliable tool for
diagnosing appendicitis remains controversial.'?
An unpublished retrospective audit performed at
a tertiary metropolitan hospital in New Zealand
demonstrated relatively modest sensitivity (56%)
in detecting appendicitis.> The aim of this audit
was to determine the diagnostic performance
of ultrasound in the diagnosis of appendicitis in
patients presenting with a clinical suspicion of
appendicitis to the Department of Ultrasound at
Waikato Hospital (Hamilton, New Zealand).

Methods

Patient Selection

We performed a retrospective internal audit to
evaluate the performance of ultrasound during a
19-month period between September 2012 and

March 2014. We used the referral booking system
to identify patients who presented to the hospital
with a clinical suspicion of appendicitis during
regular business hours. Patients were included
in the audit if appendicitis was the primary
clinical diagnosis or if appendicitis was listed as a
differential diagnosis. Exclusion criteria included
the following: 1) patients from the community
(outpatient clinic), 2) patients scanned during on-
call and on weekends, 3) patients from peripheral
hospitals affiliated with our centre, 4) where
appendicitis was an incidental discovery rather
than a differential of the diagnostic work-up. We
identified 309 patients with suspected appendicitis
who underwent ultrasound evaluation in our
department.

Classifications of patients

The scan report for each patient was reviewed
and was categorised into either scan-positive
or scan-negative group based on the findings.
The scan result was defined as positive when the
report included phrases such as: “correlate with
appendicitis’, “consistent with appendicitis”,
“most suggestive of appendicitis’, “most probably
appendicitis’, “may represent appendicitis’,
“very suspicious for appendicitis”. The scan was
defined as negative when no convincing features
of appendicitis were reported and the report
contained statements such as: “no evidence of
appendicitis’, “no indirect signs of appendicitis”,
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“appendicitis not visualised”, “appendicitis cannot be ruled out”.

The surgical report, histology report and discharge letter
for each patient were reviewed. The gold standard for the
diagnosis of appendicitis was a positive histology report. The
true negative group of patients included those who a) proceeded
with an exploratory laparoscopy but without appendicectomy,
b) underwent appendicectomy and histology report showed
negative results for appendicitis, and c¢) the patient was
discharged without appendicectomy. Re-admission after
discharge occurred in a small number of cases, each of them was
analysed individually. Based on the continuity of the patients’
symptoms and the length of the interval between two admissions
(ranging from 18 days up to a year), they were either combined
with the first admission and logged as one single incident, or
recorded as a new case.

Scan Procedure

Ultrasound examinations were performed by staft sonographers
or radiology registrars of mixed clinical expertise using Philips
iU22 (Bothel, Washington) or Siemens Acuson Sequoia 512
(Mountainview, California) systems. Graded compression
technique in the right iliac fossa (RIF) was used to assess for
the presence of appendicitis, in addition to routine abdominal,
transvaginal and other regional ultrasound assessments as
required. The scan session was limited to 30 minutes. The
operators were blinded to future audit.

Results

Among the 309 selected patients, 25 were classified by ultrasound
as positive for appendicitis and 284 patients were diagnosed
negative. A total number of 94 patients underwent laparoscopy,
42 of which had positive histology results. Only half (21/42) of
these true positive cases were identified by the ultrasound scan
prior to the laparoscopy, while the other 21 cases had negative
ultrasound reports (Figure 1). The sensitivity of ultrasound in
detecting appendicitis was therefore 50%, and specificity was
98.5%. The positive predictive value and the negative predictive
value were 84% and 92.6% respectively. Of those who were
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diagnosed with appendicitis on histology reports, the appendix
was visualised in 50% of the cases (21/42). When the appendix
was visualised, the sensitivity of ultrasound was 95.2% (20/21)
and specificity was 69.2% (9/13). There was a high female to
male ratio (11:1). The prevalence of appendicitis in our study
was very low (14%). The age range of the true positive group was
3 to 55, with a median of 19 years.

Discussion

The overall sensitivity of ultrasound for the diagnosis of
appendicitis in our audit was low compared with the literature.
Two published systematic reviews comparing computed
tomography (CT) and ultrasound in detecting acute appendicitis
demonstrated substantially higher overall sensitivity of 86% and
78%.*> Both reviews included prospective studies only. More
recent prospective studies also reported similar or even higher
sensitivity of ultrasound, ranging from 72.5% to 91%.'° On
the contrary, some retrospective studies consistently reported
much lower sensitivity, ranging from 23.1% to 56.4%."''"* One
retrospective study showed a sensitivity of 99.1%; however the
cases with non-visualisation of appendix were not included in
the study.? The tendency for prospective studies to report better
performance than retrospective studies may be in part due to the
study design. Prospective studies draw more input from senior
or expert practitioners; the patient selection may be better and
the operators are not blinded. The performance of ultrasound
tested prospectively therefore reflects an optimal diagnostic
environment. In contrast, retrospective studies investigate the
performance of ultrasound in “real life” clinical circumstances
where operators with variable expertise may be scanning a
suboptimally selected population of patients with multiple
comorbidities in an otherwise busy and distracting clinical
environment.

When the appendix was visualised in our study, appendicitis
was correctly diagnosed on ultrasound in 95.2% of the cases. One
can expect that by improving the visualisation of the appendix,
the accuracy of ultrasound in diagnosing appendicitis could
also be improved. This idea is supported by Taylor (2014) who
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demonstrated that the more frequently ultrasound was used for
detecting appendicitis, the higher the sensitivity of ultrasound
and the better the visualisation rate.®

The prevalence of appendicitis in our study was only 14%,
which is well below the published rates. For example, van
Randen and colleagues studied a population with a prevalence
of 28%.” The referral patterns and low prevalence rate in our
patients would likely to have a negative impact on the operator
performance, operator expertise and overall sensitivity of
ultrasound to appendicitis. Furthermore, our referrers were not
utilising ultrasound as a targeted test for appendicitis, but more
as a screening tool to assess for a broader range of differentials.
Perhaps in real life practice this phenomenon is inevitable, owing
to the similarity of the presentations of the common right iliac
fossa pathologies, and the inconsistency of the symptoms of acute
appendicitis. However, the low prevalence rate of appendicitis
in patients where appendicitis was listed as a differential on
the ultrasound referral none-the-less reflects suboptimal pre-
selection of patients.

There were a number of limitations to this study. Our
retrospective analysis of the ultrasound reports required us to
develop a system of definitions for a positive and negative scan
result. When the appendix was not confidently visualised on
ultrasound, the results of the scans were often intermediate.
The ultrasound reports often contained equivocal wording,
which reflected the drawbacks and limitations of the ultrasound
scan. For the purpose of statistical analysis, we classified each
intermediate report into either positive or negative group by
evaluating the context and the wording of the report. Another
limitation was the relatively low number of patients with
histologically proven appendicitis. We also did not correct for
those patients who were classified as ultrasound positive for
appendicitis, did not have appendicitis but instead had other
appendiceal pathology such as an appendiceal tumour. Finally,
although appendicectomy remains the standard treatment
for acute appendicitis,' appendicitis may also resolve with
antibiotics."” It is therefore possible that we have categorised
some of these patients with appendicitis into the true negative
group on the basis of patient being discharged from the hospital.

Conclusion

Our retrospective audit showed less optimistic performance
of ultrasound in the diagnosis of appendicitis in a general
hospital setting than the literature suggests. Our performance
was in close agreement with an audit performed at Auckland
Hospital. Compared with carefully planned prospective
studies, retrospective studies better reflect the true diagnostic
performance of ultrasound practitioners in a day-to-day
clinical setting and generally report less optimistic performance
parameters.
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