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Abstract

Purpose Preoperative imaging is now recommended in patients with suspected acute appendicitis (AA) by the World Soci-
ety of Emergency Surgery. Our aims were (i) to describe our local practice and (ii) to evaluate the efficiency of performing
ultrasound (US) and/or computed tomography (CT) by assessing management failure, specificity and sensitivity, and length
of stay in the emergency department (ED).

Methods This single-center retrospective study included all patients who underwent US or CT for the management of sus-
pected AA. Patients were included if they were admitted to the ED in February or June between 2012 and 2021.

Results The study included 339 patients. US was performed in 278 patients (82%), of whom 91 also had a second-line CT
(31.3%). There was a significant increase in the rate of CT over the inclusion period. Three percent (3%) of the patients had
management failure and a higher age and CT or US + CT were significantly associated with the risk of management failure.
Length of stay in the ED increased significantly when a second-line CT was performed. The sensitivity and specificity of
US were 84.8% and 93.2%, respectively. Sensitivity was significantly different from CT (100%, p=0.03) but not specific-
ity (87.9%, p=0.29). Both US and CT results were more likely to be considered for further management if positive. The
vast majority of patients with negative or inconclusive results were admitted in surgical wards or underwent a second-line
examination.

Conclusion If available in the hospital together with CT, US should probably be performed systematically and as a first-line
examination in patients with suspected acute appendicitis.
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Abdominal Ultrasound should be the first line imaging in
suspected acute appendicitis: a retrospective study
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Background

Acute appendicitis (AA) is common with a rate of 90-100
patients per 100 000 inhabitants [1] and accounts for 7-10
% in emergency department (ED) admissions [2]. The risk
of misdiagnosis and management failure of acute appendici-
tis (AA) is high (0—46% of normal appendectomy reported)
and varies between countries [3, 4]. As systematic preopera-
tive imaging has been shown to reduce the rate of normal
appendectomy [5], the routine use of non-invasive imag-
ing has been included in the French guidelines. Indeed, the
French Health Authority (HAS) recommends systematic
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preoperative ultrasound (US) in young adult patients and
computed tomography (CT) in older patients [6]. The World
Society of Emergency Surgery (WSES) recommends the
systematic use of combined clinical parameters and US [7].
Despite these recommendations, a recent systematic review
found that only 73% of women and 36% of men undergo
systematic preoperative imaging for suspected appendicitis
[4]. This wide discrepancy between international recom-
mendations and actual real practice raises the question of
management efficiency. US as a first-line examination has
the advantage of being widely available, radiation-free and
potentially more cost-effective. However, there is a discrep-
ancy between studies and some studies report lower diagnos-
tic accuracy for US compared with CT [5]. This may lead to
a second-line examination, thus increasing the length of stay
in the emergency department and increasing costs. Deter-
mining of the best pathway to reduce misdiagnosis, manage-
ment failure and length of stay in the ED will improve the
management of patients with suspected AA and be more
cost-effective.

The aims of this study were (i) to describe current prac-
tice and (ii) to evaluate the efficiency of performing US and/
or CT on suspected AA patients by assessing management
failure, specificity and sensitivity, and length of stay in the
ED.

Material and methods
Ethical aspects

This study was approved by the National Commission of
Informatics and Freedom (CNIL) (Number ar23-0020v0).

Patients

This retrospective observational study included consecu-
tive patients who came to our emergency department (ED)
with symptoms of acute abdominal pain in the right lower
quadrant. Patients were included when admitted in our emer-
gency department in February or June between years 2012
and 2021. This was considered as a 10-years representative
sample. Other inclusion criteria were: pain evaluation with
abdominal ultrasonography (US) and/or abdominal com-
puted tomography (CT). Exclusion criteria were: < 18 years
and patients for whom the diagnosis of AA was not explored
by US or CT.

Study design and outcomes
All electronic US and CT reports in our Radiology Infor-

mation Systems (RIS: DxImageRIS 4.9.6.1 Medasys 2015)
from the inclusion period were electronically screened using

the abbreviation appendi*. US and/or CT examinations were
considered if the abbreviation appendi* was present in the
indication or conclusion of the report.

Patient care was collected from electronic files (M-Cross-
Way 8.2.7R8.0.2 RC3 Maincare Solutions 2023) to describe
clinical practice. The following data were collected: any
additional examination (US, CT), patient orientation, the
date and exact time of admission to and discharge from
the emergency department. Other collected data were: (i)
demographic data (age, gender, body mass index (BMI)),
(ii) clinical examination and biological results, (iii) manage-
ment conclusion.

The primary endpoint was management failure. Man-
agement failure was defined as: (i) initial misdiagnosis of
“appendicitis” with a normal-appearing appendix at surgery
confirmed by the pathologist (negative appendectomy); (ii)
initial misdiagnosis of “no appendicitis” with patient dis-
charged from the hospital and subsequent readmission with
a diagnosis of appendicitis.

The final diagnosis of appendicitis was made during sur-
gery, prior to the analysis by a pathologist. If the patient was
discharged without surgery, the diagnosis of appendicitis
was made in the case of subsequent readmission and posi-
tive surgery. The sensitivity and specificity of US and CT
for the non-invasive diagnosis of appendicitis were assessed
accordingly.

Statistical analysis

Categorical data were described using percentages and com-
pared using Fisher exact tests, and continuous data using
means and standard deviations, and compared using Mann
& Whitney tests.

Sensitivity, specificity and their 95% confidence inter-
val were assessed using binomial exact method. Diagnosis
tools were considered as presenting good properties is the
low boundary of the specificity and sensitivity confidence
intervals were higher than 0.8. The evolution trend of scan
number per year was assessed using a linear regression con-
sidering time and scan number as continuous covariates. All
the analyses were performed usng stata 14.2

Results

Three hundred and thirty-nine patients admitted with acute
right lower quadrant abdominal pain underwent abdominal
US and/or CT. US was performed in 278 patients (278/339,
82%), of whom 91 also had a CT (91/278, 31%). CT was
performed as a first-line examination in 61 patients (61/339,
18%). The median BMI of our population was 24.7 kg/m2.

Between 2012 and 2021, the use of CT as a first-line
examination (compared to US) increased significantly
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Fig.1 Trend of the ratio of the first-line CT-scan performed through
the period of inclusion according to the years

Table 1 Number of only 92 US CT First line
US, only CT and US +CT US and CT
performed according to the year

2012 9 0 6

2013 17 2 9

2014 20 3 6

2015 13 1 9

2016 20 3 8

2017 16 8 5

2018 5 2 1

2019 37 13 15
2020 24 16 13
2021 30 13 15

(p<0.0001) (Fig. 1). CT was performed as a first-line in
0/151in 2012, 1in 3/31 in 2016 and in 13/58 in 2021 (Table 1).

Management failure
Three-hundred and thirty patients had appendicitis. Ten

patients (10/339, 3%) had management failure. A higher
median of age and CT and US +CT were associated with the

management failure (p=0.001 and p=0.001 respectively)
(Table 2). One of the patients did not undergo surgery,
although both US and CT concluded “appendiceal plastron”.
This patient was hospitalized and then discharged, before to
be readmitted to emergency department with surgery on the
second admission.

The other nine patients with management failure were
operated on because of the radiological diagnosis of acute
appendicitis but the final diagnosis (surgical or pathologi-
cal) was no appendicitis with postoperative diagnosis of
pyelonephritis (n=1), no appendicitis (surgical diagnosis)
with a diagnosis of chronic appendicitis by the pathologist
(n=2), cholecystitis (n=3), small bowel obstruction (n=1),
left sided diverticulitis (n=1) and peritonitis due to small
bowel perforation (n=1).

US and CT accuracy

The sensitivity and specificity of US as a first-line
examination were 84.8% (I1C95%:76.2-91.3) and 93.2%
(IC95%:88.1-96.5), respectively. The sensitivity and
specificity of CT as a first-line examination were 100%
(1C95%:86.8—100) and 87.9% (1C95%:71.8-96.6), respec-
tively. The sensitivity of CT as a first-line examination
was significantly higher than that of US (p=0.03). The
specificities were similar (p=0.29). The sensitivity and
specificity of CT as a second-line examination were 100.0%
(1C95%:83.9-100) and 92.5% (1C95%:83.4-97.5), respec-
tively. Sensitivity and specificity were similar between first-
line and second-line CT (p=NS and p=0.45, respectively).
When CT was used as the first-line examination, no further
imaging was performed.

Length of stay in the emergency department

The mean length of stay was 522 min+251) for patients
undergoing only US and 515 min (& 264) for patients under-
going only CT (p=0.85).

When patients underwent an additional CT-scan per-
formed as a second-line examination after US, the mean

Table 2 Comparison of the
group of patients with no failure

No failure of the man- Failure of the man-
agement (n=329)

Total (n=339) p
agement (n=10)

of the treatment and the group
with failure of the treatment Gender male, n (%)
Median of age, y (IQR)
Median of BMI, kg/m2 (IQR)
Pathway of management, n (%)
Ultrasonography
CT-scan

Ultrasonography + CT-scan

138 (41.9%) 3 (30%) 141 (41.6%) 0.53

33 (23-45) 55 (44-65.25) 33 (24-45.7) 0.001

25 (22.5-28.9) 22.1(19.9-26.8)  24.7(22.2-28.9) 0.1
0.001

187 (56.8%) 0 187 (55.2%)

56 (17%) 5 (50%) 61 (18%)

86 (26.1%) 5 (50%) 91 (26.8%)

@ Springer
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length of stay was increased (618 min +272) (p <0.0001
compared to patients undergoing US alone).

Patients’ orientation after the emergency
department

Of the 339 patients, 143 underwent surgery (143/339, 42%)
and 196 did not (196/339, 58%). One hundred and thirty-
six patients (136/339, 40%) were discharged from the ED,
51 patients (51/339, 15%) were immediately transferred
from the ED to the theater and 152 patients were trans-
ferred into surgery wards (152/339, 45%). Of the latter, 92
(92/152, 60%) underwent surgery after admission to the
ward (Table 3).

Thirty patients had a positive CT for appendicitis and
26 (26/30, 87%) underwent surgery. Twenty-nine patients
had a negative CT for appendicitis and 16 were discharged
(16/29, 55%) (Fig. 2A). When US was performed as a first-
line examination, 75/165 (45%) patients with negative exam-
ination were discharged and 71/165 (43%) patients under-
went further CT (Fig. 2B). Appendicitis was diagnosed by
US in 95 patients, 80 of whom underwent surgery (80/95,
84%). Of these patients, 7 of them (7/95, 7%) underwent
second-line CT (Fig. 2C). Eighteen patients had a negative
or inconclusive final radiology report, of whom 13 (13/18,
72%) underwent second-line CT (Fig. 2D).

Discussion

This retrospective study included 339 patients over a ten-
year period who underwent US and/or CT for suspected
acute appendicitis. US was performed as a first-line exami-
nation in 278 patients (82%) and CT in 61 patients (18%).
The sensitivities of US and CT were 84.8% and 100%,
respectively; and the specificities were 93.2% and 87.9%.
Although the sensitivity was significantly higher for CT,
the use of CT versus US for the non-invasive diagnosis
of appendicitis was a risk factor for management failure
(management failure rate was 3% in our study). Ninety-one
patients (31%) had a second-line CT after US. The use of CT
increased significantly from 2012 to 2021. The conclusions
of both US and CT were more likely to be to be considered
for the subsequent management when positive. The majority
of negative or inconclusive reports lead to hospitalization or
second-line examination (CT).

Investigation of suspected appendicitis varies between
countries, with 32.8% of preoperative imaging in the UK
compared to 99.5% in the Netherlands [8]. Similar national
recommendations lead to similar management. Indeed, rec-
ommendations are similar between France and the Nether-
lands, and our results in the first period (2012-2018) are in
line with those of the Netherlands, with US performed as
a first-line and single examination in 73% of the patients
and combined US +CT in 21% [8]. It also leads to similar
management failures, with a similar rate of initial misdiag-
nosis of ‘appendicitis’ with a normal-appearing appendix at
surgery (3%). This rate is much lower than in countries with-
out systematic preoperative imaging (6.2 to 20%) [3, 8, 9].

Table 3 Disposition made for the patients according to the conclusion of the examinations

First intention Ultrasonography (n=278)  First intention CT-scan (n=61) Second intention CT-scan ~ Overall
(n=91) population
. - . (n=339)
No appen- Appendicitis Unknown No appendi- Appendicitis Unknown No appendi- Appendicitis
dicitis (n=95) (n=17) citis (n=29) (n=30) (n=2) citis (n=66) (n=25)
(n=165)
Discharge from the emergency department
At home 107 (64.8%) 3 (3.2%) 9(52.9%) 16 (55.2%) 1(3.3%) 0 38 (57.6%) 1 (4%) 136 (40.1%)
At a spe- 52 (31.5%) 56 (58.9%) 6(35.3%) 13 (44.8%) 22(733%) 2 (100%) 28 (42.4%) 17 (68%) 152 (44.8%)
cialized
depart-
ment
To the 6 (3.6%) 36(37.9%) 2(11.8%) 0 7 (23.3%) 0 0 7 (28%) 51 (15%)
operatory
room
Second 71 (43%) 7 (7.4%) 12 (70.6%) O 0 0 0 0 91 (26.8%)
imaging
Appendicitis
No 150 (90.9%) 11 (11.6%) 9 (52.9%) 29 (100%) 4 (13.3%) 1(50%) 66 (100%) 3 (12%) 205 (60.5%)
Yes 15 (9.1%) 84 (88.4%) 8 (47.1%) 0 26 (86.7%)  1(50%) 0 22 (88%) 134 (39.5%)

@ Springer
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Fig.2 Patients’ disposition after the emergency department. A If the
first examination was a CT. B If the first examination was an US and
concluded “no appendicitis”. C If the first examination was an US

Interestingly, this rate was also very high in the Netherlands
(22%) before the recommendation for systematic preopera-
tive imaging [5, 8]. In our cohort study, the higher rate of
CT is reported in 2020 in our cohort study. This difference
is probably explained by the emergence of the coronavirus
disease 19 (COVID 19). Indeed, there was an abrupt change

@ Springer
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and concluded “appendicitis”. D If the first examination was an US
that was inconclusive. CT-scan computed tomography scan, US ultra-
sonography

in clinical practice guidelines and new hygiene protocols to
reduce contact person-to-person contact. As a result, CT was
often preferred as a first line examination [10, 11].
Secondly, we wanted to assess the risk factors for man-
agement failure. Surprisingly, the use of CT was associated
with higher management failure. This may be due to the fact
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that, in our cohort, the most of the appendicitis described
by CT underwent surgery despite a specificity between 87.9
and 92.5% while appendicitis described by the US were or
confirmed by a CT or admitted in a specialized department.
This difference regarding the confidence with the examina-
tion is probably due to the belief that US is less reliable than
CT to diagnose normal appendix [12].

Also, we reported that a greater age was associated with
the risk for management failure. A recent study reported that
both female gender and age <40 years old were risk factors
for a normal appendix at surgery [9]. However, the patients
in this study did not undergo systematic preoperative imag-
ing. In addition, the study confirms that a positive US or
CT for appendicitis does indeed reduce the risk of a normal
appendix at surgery (OR=0.04, p<0.01 and OR=0.07,
p <0.01, respectively) [9].

Third, US has long been considered the first-line exami-
nation for the non-invasive diagnosis of appendicitis world-
wide due to its wide and easy availability, cost-effectiveness,
and the absence of radiation and contrast media side-effects
[13]. Indeed, our study confirms the very good diagnostic
accuracy of US. US should definitely remain the first choice
in paediatric patients because of its radiation-free charac-
teristics. However, the use of CT as a first-line examination
can also be considered in adult patients. Our study showed
that there was no difference in the length of stay in the ED
whether the patient underwent US or CT as a first-line exam-
ination. This highlights the similar availability of CT com-
pared to US in the ED. The LOCAT group recently showed
that the use of low-dose CT compared with standard-dose
CT in adolescents and young adults significantly reduced
the radiation dose (to 2 mSv) without impairing clinical out-
comes [14]. This has been confirmed by subsequent studies
with similar results and mean radiation doses for low-dose
CT of 3t0 3.33 mSv [15, 16]. These low radiation doses are
approximately equivalent to one year of natural radiation,
which has a more than acceptable risk—benefit ratio. The
remaining issue is the intravenous contrast injection, with
one case of anaphylaxis to iodinated contrast material in the
study, which was a life-threatening adverse event. Finally,
diagnostic accuracy of US has been found to vary a lot in
the literature.

US and CT had similar specificities but different sensi-
tivities in our cohort. The radiological conclusions were
more likely to be considered for the subsequent manage-
ment if they were positive. Patients were more likely to be
discharged after negative CT than after a negative US. The
majority of the patients with negative or inconclusive radio-
logical reports were admitted to the surgical wards and either
underwent a second-line examination and/or had subspe-
cialized clinical reassessment [17]. Because of this manage-
ment, the high specificity of US and CT is more important
than the sensitivity.

Our study has some bias because of its retrospective
nature. Some relevant characteristics such as body mass
index were not collected. This may have affected the results,
but our study was designed to be representative of the gen-
eral population of patients with AA in our center. Then, only
patients with preoperative imaging were included in the
cohort. This probably improved the results of the manage-
ment, but also has the advantage of showing the outcome in
the centre with systematic preoperative imaging. Finally, we
weren’t able to do a cost-effectiveness analysis because the
information about the different cost were not provided for.
US has previously been reported in the literature to be more
cost-effective than CT [18]. Overall, the use of imaging for
the non-invasive diagnosis of appendicitis is cost-effective
by reducing the number of negative appendectomies [19].

Conclusion

The systematic use of US or CT for the preoperative non-
invasive diagnosis of appendicitis reduces the rate of man-
agement failure. Both US and CT have excellent diagnostic
accuracy. If available, US should probably be performed as
a first-line examination in patients with suspected for acute
appendicitis. Considering the advantages of US (radiation-
free, injection-free), this approach is particularly interesting
for non-obese patients in large centers were both CT and US
are available as there is a failure rate of US.
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