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Abstract

Purpose: The primary objective was to assess the frequency of appropriateness of computed tomography (CT) for acute
abdominal pain (AAP) in the emergency department; the secondary aim was to compare the diagnostic accuracy
of ultrasound (US) and CT in the diagnosis of the aetiology of AAP for diseases that can be diagnosed by US; and
the third objective was to assess extent to which inappropriate CT examinations for AAP result in ionizing radiation
exposure.

Material and methods: In this retrospective single-centre study, we included patients aged between 15 and 46 years re-
ferred to the emergency department for AAP in 2016 and submitted to abdominal CT scans, collecting a total of 586
patients. In 152 patients with the more frequent pathologies, we compared the referral reason and current guidelines
of the European Society of Radiology (ESR) IGUIDE®. Then we measured and compared the sensitivity of US and CT
for the identification of the aetiology of AAP for diseases whose diagnosis can be reached by US. We also recorded
the mean computed tomography dose index (CTDI ), dose length product (DLP) and its standard deviation, and we
calculated the effective dose (ED) using CT-Expo® software.

Results: According to IGUIDE and based on the clinical suspicion of CT requests, CT examination was considered
crucial in 264 (45.05%) patients. 322 patients had a referral reason for CT scan that could be considered “possibly
appropriate” according Iguide criteria (4, 5, 6 scoring). Of these, 135 had an inappropriate CT request according to
image findings.

Conclusions: A better clinical framing and a correct interpretation of the reference guidelines could reduce unjustified
exposure to ionizing radiation.
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Introduction

In the last 50 years, the computed tomography (CT) scan
has been increasingly used in Western countries [1]. This
has been particularly evident in emergency departments
(EDs), where CT is often used as the first imaging approach
in patients with acute abdominal pain (AAP) in place

of ultrasound (US) [2]. The sensitivity and specificity of
abdominal CT for acute AAP is about 80-100%, but its use
implies a significant ionizing radiation dose [2,3]. There-
fore, it is of utmost importance to follow the Euratom radia-
tion protection directive legislation DE 59/2013 [4] and the
principles of optimization and justification before perform-
ing an abdominal CT scan, particularly in young patients.
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In patients with AAP, CT outperforms US in terms of
sensitivity (89% vs. 70%, respectively) for the diagnosis
of the aetiology. However, due to radioprotection issues,
US should be considered the first-line imaging approach
in young patients, while CT should be performed only
if strongly recommended [5,6]. Nowadays, as recently
highlighted by Tonolini et al. [7], young adult patients are
often exposed to follow-up CT imaging to monitor uro-
genital, intestinal, hepatobiliary, and pancreatic diseases
that do not require surgical management and to assess
post-surgical complications of abdominal emergencies.
This results in an excessive ionizing radiation exposure,
the long-term effects of which cannot be reliably predicted
but may potentially result in an increased tumour burden
or presentation of tumours at a younger age than now [8].
Therefore, the aim of this study was 3-fold.

The primary objective was to assess the frequency of
appropriateness of CT for AAP in the Emergency Depart-
ment.

The secondary aim was to compare the accuracy of
US and CT in the diagnosis of the aetiology of AAP for
disease whose diagnosis can be reached by US.

The third objective was to assess the extent to which
inappropriate CT examinations for AAP result in ionizing
radiation exposure.

Material and methods

This retrospective, single-institution study was conducted
according to the criteria set by the declaration of Helsinki.
The authors had control of the data and the information
submitted for publication. There was no industry support
for this study.

Study design and population

We retrospectively searched the departmental electronic
database at our academic Institution for consecutive pa-
tients who underwent abdominal CT examinations be-
tween 1 January 2016 and 31 December 2016 and were re-
ferred for AAP by the Emergency Department. The search
yielded an initial target population of 3364 consecutive pa-
tients who were deemed eligible for inclusion in the study.
Then, we included patients aged between 15 and 46 years.
Patients were then excluded if (i) aged 47 years or older
(n = 2778); (ii) if the aetiology of AAP was traumatic
(n = 69), neoplastic (n = 59), or vascular (n = 8); or
(iii) if clinical data were incomplete or not available (1 = 6).
In addition, patients examined with other scan apparatus
(in the case of maintenance or failure of the Emergency
Department CT apparatus) were excluded to reduce ap-
paratus-related dose variability. We arbitrarily decided to
exclude from the study population the incidental findings
detected in CT examination, which may turn to “appro-
priate” some CT examination when performed for dif-

ferent reasons. Patients with repeated admittance in the
Emergency Department with eventual repeated CT or US
examinations were also excluded.

Of note, children younger than 15 years old are not
admitted to our Emergency Department.

Data collection

By using our institution’s electronic data repository, the
medical records of the patients included in the study were
reviewed to assess patient information, US, and CT data.
We collected patient-related variables (i.e. patient’s gen-
der and age), clinical information (i.e. referral motivation,
clinical indication, diagnosis at discharge, and/or diagno-
sis for emergency hospitalization), and imaging data (i.e.
US and CT reports, and CTDI and DLP from CT dose re-
port). All data were collected in a computerized database
using Microsoft Office Excel 2007.

Ultrasound and computed tomography equipment

US exams were performed with 2 dedicated apparatus
MyLab Twice (Esaote Biomedica, Genoa, Italy) or iU22
unit (Philips Ultrasound, Bothell, WA, USA), both pro-
vided with a multi-frequency convex array probe.

CT scans were performed with a 16-row multislice
CT (Light-Speed 16, General Electric Medical System,
Milwaukee, WI, USA, the dedicated CT apparatus of the
Emergency Department). In 529 patients the performed
examinations were non-contrast CT scans, whilst in 34
patients the examinations were performed before and af-
ter contrast media (CM) administration, with non-con-
trast phase and portal venous phase (performed 70 sec-
onds after CM administration), using different CM brands
(Ultravist® 370, Bayer SPA, Iomeron’ 400, Bracco, Xenetix®
370, Guerbet).

Dose estimation

Estimated effective total dose and per-organ dose was cal-
culated using CT-EXPO® software version 2.2 (Hannover,
Germany). This software provides estimates of effective
dose, doses to the other organs, and values of DLP (dose-
length product) and CTDI (CT dose index). This software
uses as input various acquisition parameters such as the
tension (kV), current (mA), duration of the exam, pitch,
collimation, part of body exposed, and patient gender.
To estimate the effective dose (i.e. kscanner x DLP), we used
the DLP of each exam and the k scanner obtained through
the CT-EXPO° software. Of note, this software estimates
doses on standard “models” of male and female patients.
Because real patients do not match exactly the features (in
terms of weight and height) of standard patients the dose
values obtained through this analysis are only estimates of
the real doses absorbed by patients.
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Table 1. Score of appropriateness according to IGuide (ESR iGuide 2017)

Diseases service Cholelithiasis Kidney stone Inflammatory Appendicitis, typical Female adnexal mass
bowel disease | and atypical presentation
us 9 8 4 6 9
(T without i.v. contrast 6 8 3 6 2
(T without and with i.v. 3 6 9 8 2
contrast
Statistical analyses %0
80
Patients’ demographic, histological, and imaging data were 70-
reported in an Excel document (Microsoft Corp., Red-
mond, WA). Summary statistics are presented as mean for 60
continuous measures while binary variables were summa- 20
rized as frequency () and percentages (%). 40
First, we compared clinical suspicion and CT imaging 30
findings with appropriateness criteria according to Iguide® 20~
to investigate whether indication of CT examinations for 104 h
AAP was crucial, possibly appropriate, or inappropriate. 0 : : I h
The appropriateness ranking scale is an ordinal scale that & $ S & &
. : SF S &F S oS
uses numbers from 1-9, grouped into 3 categories: usually S & S \,§§° ESNS &
$ < : S
not appropriate - 1, 2, or 3; may be appropriate - 4, 5, or 6; ISENIINOIC) &Y &8 ¥
. N S N (§ N ) & A
and usually appropriate - 7, 8, or 9 (Table 1). X

Second, we measured and compared the sensitivity
of US and CT for the identification of the aetiology of
AAP for diseases whose diagnosis can be reached by US.
For this analysis, we first excluded 96 patient who had
undergone CT but not US examination, or US only, and
then we selected patients (n = 152) whose diagnosis could
potentially be reached only by US but who underwent CT
scan after US.

Third, we recorded the mean CTDI  and DLP and
measured the ED. The mean ED was calculated with the
75% percentile of the total DLP using is the tissue sensi-
tivity factors.

We first evaluated ionizing radiation exposure based
on the aetiology of AAP, and then specifically in the cohort
of patients inappropriately submitted to CT. Thereafter, we
divided the study population into 3 different age groups
(from 15 to 26 years old, from 27 to 36 years old, and from
37 to 45 years old) based on radiation sensitivity, and we
evaluated the burden of exposure for these 3 groups based
on gender.

Results

Patient population

Our final study population consisted of 586 patients aged
between 15 to 46 years (mean age: 31.7 years), who were
submitted to abdominal CT exams in the Emergency De-
partment in 2016, including 309 men and 277 women.
The characteristics of the study population, including
patient-related variables, clinical information, and imag-
ing data, are summarized in Figure 1.

m Overall patients o %

Figure 1. Aetiologies of more frequent abdominal pain in the Emergency
Department

Appropriateness of computed tomography for acute
abdominal pain

According to appropriateness criteria of Iguide [6] and
based on the clinical suspicion of CT requests, CT exami-
nation was considered crucial in 264 (45.05%) of patients.
322 patients had a referral reason for the CT scan that
could be considered “possibly appropriate” according to
Iguide criteria (4, 5, 6 scoring) [6]. Of these, 135 had an
inappropriate CT request according to images findings,
whilst 187 had an appropriate request based on CT find-
ings (i.e appendicitis in acute right flank pain).

Diagnostic accuracy of ultrasound and computed
tomography

We analysed the clinical suspicions of all the 586 patients
and noted that even if in 152 of them the diagnosis could
be performed using US: urolithiasis (n = 79), non-com-
plicated appendicitis (n = 38), non-complicated Crohn’s
disease (n = 19), cholelithiasis (n = 5), and symptomatic
adnexal masses (n = 11), only in 84 patients, was this tech-
nique performed prior to CT, and the aetiologies of AAP
were urolithiasis and cholelithiasis.

Among 79 patients with urolithiasis, 40 (50.6%) lacked
hydroureteronephrosis or showed only type I hydroure-
teronephrosis, while 39 (49.4%) had type II-IV hydroure-
teronephrosis. In these 2 groups of patients, US failed to
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detect the obstructing urinary stones in 18 (45%) of 40
patients and in 11 (28.2%) of 39 patients, respectively.

Among 5 patients with cholelithiasis, all had biliary
tract lithiasis associated with and thickened gallblad-
der walls and free fluids, who underwent CT in order to
evaluate any other associated conditions such as acute
cholecystitis, bilioenteric fistula, or pancreatitis. In none
on these patients were the gallstones detected in the suc-
cessive CT, due to the lack of calcific components within
the calculus.

lonizing radiation exposure

The mean ED was calculated with the 75" percentile of the
total DLP using is the tissue sensitivity factors (Table 2) [7,8].

Data on ionizing radiation exposure based on gender
and age showed that in 277 of 586 women, the estimated
mean ED was 11.1 £ 5.2 mSv in the 99 patients aged from
15 to 26 years, 13.2 + 8.7 mSv in the 86 patients aged from

Table 2. Effective dose calculated using computed tomography dose Expo
considering tissue conversion factor in the different subgroups

Pathology | Mean dose

38 uncomplicated mean CTDI_:20 £ 15 mGy
appendicitis 75™ percentiles of total DLP: 1086.7 mGy cm
mean ED: 25.1 £ 11.8 mSv

mean (TDI 14+ 9 mGy
75™ percentiles of total DLP: 780.5 mGy cm
mean ED: 10.9 7.0 mSv

mean CTDI_: 20 £ 13 mGy
75™ percentiles of total DLP: 843.4 mGy cm
mean ED: 15.3 £ 10.1 mSv

mean (TDI ;26 + 14 mGy
75™ percentiles of total DLP: 1524.1 mGy cm
mean ED: 20.3 £10.5 mSv

mean CTDI_: 20 + 11 mGy
75™ percentiles of total DLP: 945.5 mGy cm
mean ED: 15.3 + 8.5 mSv

79 urolithiasis

19 uncomplicated
Cohn's disease

5 cholelithiasis

11 adnexal benign
mass (in female)
with/without ascites

25

20

15 4

10

5

15-26 27-36 37-46

W (DI, DO Effective dose

Figure 2. Female patient’s dose parameters (in term of CTDI  and DLP)

27 to 36 years, and 15.0 + 9.7 mSv in the remaining 92 pa-
tients aged from 37 to 45 years (Figure 2); in 309 of 586
men the estimated mean ED was 11.5 + 11.9 mSv in the 96
patients aged from 15 to 26 years, 12.9 £ 9.9 mSv in the 109
patients aged from 27 to 36 years, and 14.2 + 11.5 mSv in the
remaining 104 patients aged from 37 to 45 years (Figure 3).

Discussion

CT scan rates have increased significantly in the last 2 de-
cades, in the general population and in young patients, due
to higher availability and greater efficiency of available CT
technologies, especially in emergency situations [9].

A significant change has occurred in recent years, with
a plateau forming around 2008, at which point there was
a significant reduction in the use of CT in favour of equal-
ly diagnostic and potentially less harmful methods such
as US or MR [10].

While this increased availability of advanced imaging
has been associated with improved patient outcomes for
some diseases, there are growing concerns about the pos-
sibility of inappropriate utilization of imaging because of
its potential contribution to general population radiation
exposure [8,10].

Our study was conducted with the aim of evaluating
the rate of appropriateness of abdominal CT scans per-
formed for AAP in the Emergency Department and com-
paring relative findings with alternative imaging tools,
such as US, especially in young patients.

Young adult patients were considered in our court as
younger 46 years old, admitted for AAP in the Accident
and Emergency Department of the Polyclinic Hospital
Paolo Giaccone.

In routine clinical practice, for AAP referred to the
Accident and Emergency Department, the first requested
diagnostic examination was CT scan, even in young pa-
tients, and even if the diagnosis could have been reached
using US, according to Iguide’.

For every patient included in our dataset, we com-
pared the referral diseases with the most appropriate dia-

2
18-
16 -
14 -
12
10 -
8 -
6 -
4
2
0

15-26 27-36 37-46
m (1Dl O Effective dose

Figure 3. Male patient’s dose parameters (in term of CTDI  and DLP)
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gnostic tool according to the Iguide® guidelines [6] based
on ACR appropriateness criteria.

The overall analysis of patients whose diagnosis could
be potentially performed through US (i.e. uncomplicated
appendicitis, urolithiasis, Crohn’s disease, cholelithiasis, or
symptomatic adnexal masses) gave as a result 152 patients,
and showed that only in 55.2% of the patients had a US
study been performed prior to CT, and of note all of them
were referred for urolithiasis or cholelithiasis only.

US has a variable sensibility (44-98%) and specificity
(47-95%) in appendicitis diagnosis [11], high sensibility
(88%) and specificity (80%) in cholecystitis [12], and vari-
able sensibility (12-93%) in urolithiasis [13,14], because
of its reduced sensitivity in the identification of the uret-
eral stones. Indeed, in the case of suspected urolithiasis,
even if US has poor sensitivity in the detection of ureteral
stones and can potentially be substituted by CT in these
cases, it can easily confirm the presence of associated hy-
droureteronephrosis. This could also explain why the sub-
group of patients with urolithiasis were more frequently
submitted to US prior to CT scan.

Inflammatory bowel diseases (IBD), and particularly
Crohn’s disease (CD) patients, are often referred to EDs
not because of the disease itself but because of intesti-
nal complications. They often undergo CT examinations
without any abdominal ultrasound performed, but as
some studies have shown that [15,16], ultrasound rep-
resents a valid radiological examination for the detection
of indirect sign of complications and, in selected cases, for
follow-up, especially in young patients [15-18]. But the
detection of the complication itself requires a CT scan;
indeed, the most common complication of CD is stricture.
US sensitivity in detecting small bowel stenosis is about
79%, while the specificity is 92% [18]; CT enterography
(CTE) sensitivity for stenosis detection is estimated at
92% and specificity at 100% [19].

US can provide useful information in 56-65% of pa-
tients with acute abdominal pain, but it has some intrin-
sic limitations that are not included in this retrospective
analysis, and thus in some cases CT imaging assessment
may be required. Among the main limitations of US,
the most important are the operator dependency, poor
or absent patient collaboration, presence of artefacts, and/
or constitutional habitus of the patient (overweight pa-
tients) [20,21].

In our study, of the 586 patients taken into consider-
ation, in 264 patients the CT referral reason was crucial
according to Iguide® and therefore proved to be significant
for the final diagnosis.

In 322 patients, the defined appropriateness was “pos-
sible”, but in 58% of cases (187 patients), despite CT has
not confirmed the proposed referral reason, had an ap-
propriate request based on the CT findings, whilst in 135,
they had an inappropriate CT request according to images
findings (i.e. renal colic in patient without detected stone
in CT).

These data are of particular concern if we consider that
our study was performed just in patients younger than 46
years old, who represent a possible “sensible population”

The harmful effects of ionizing radiation are widely
recognized. Greater radiation sensitivity has been reported
for young adults and particularly for the female population
[8,22]. However, the specific negative effects of radiation
especially at low doses such as those used in routine X-ray
diagnostics are the subject of great controversy [22,23].

Computed tomography (CT) represents about 9% of all
radiological exams, but it is responsible for 47% of the total
dose of medical radiation [22]. According to Raja et al., the
intensity of abdominal imaging, measured as the number of
abdominal imaging studies performed per 1000 ED visits,
increased significantly during their 20-year study period.
However, the imaging modality of choice has changed, as
CT replaced X-ray as the preferred method of imaging the
abdomen in emergency patients [10]. Their results clearly
confirm ours; in our institution, CT has become the pre-
dominant method of imaging ED patients. It should be the
focus of future studies to help guide evidence-based strate-
gies for abdominal imaging, especially in ED patients.

Radiation protection is governed by the European
Council Directive 97/43/Euratom, Ionizing Radiotherapy
Regulation (Medical Exposure) 2000 (IRMER) based on
the use of radiation-based methods used on the principle
of “as low as reasonably achievable” (ALARA) [24], i.e.
every radiation exposure must be kept as low as reasonably
achievable on the basis of both economic and social con-
siderations.

The principle’s implication is of paramount importance
in cases where exposure limits are not defined on the basis
of a threshold, but on the basis of an ‘acceptable risk’ (that
could be accepted if the clinical indication is appropriate
and the CT scan result has an impact on patient treatment).

The potential risk that ionizing radiation can cause to pa-
tients suffering from recurring diseases (such as urolithiasis
or chronic intestinal diseases), especially if young, who un-
dergo repeated CT investigations, raises many concerns [25].
Indeed, the scientific community agrees that there is a risk
to public health for this kind of patient, even minimal, giv-
en the large amount of CT surveys that are carried out ev-
ery year [26].

Patient history, clinical symptoms and laboratory ex-
ams should guide clinicians and radiologists in choosing
the correct examination. The appropriate choice of imaging
examination has potentially different impacts: it could re-
duce ionizing radiation exposure and the waste of econom-
ic and time resources.

Nevertheless, we must consider that the results of our
study have the potential limitation of the impossibility of
finding crucial information such as patients’ BMI, because
it is a retrospective study. BMI indeed affects US examina-
tions, because overweight patients are difficult to examine,
and CT scans because the administered dose is related to
the patient’s size.

© Pol J Radiol 2022; 87: e187-e193
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The ionizing radiation dose (IRD) from CT imaging
is expressed in terms of effective dose (ED), which corre-
sponds to the sum of the individual doses to each exposed
organ multiplied by organ-specific weighting factors, and
it is commonly used as a convenient way to compare dif-
ferent exposures.

Other dose descriptors in CT scans are the volume
CT dose index (CTDI volume), which is the average dose
within a scan volume relative to a standardized CT phan-
tom, and the dose length product (DLP), which is the in-
tegrated dose along the scanned region and is equal to the
CTDI volume multiplied by the scan length in centimetres
[27-29] measured according to the European guidelines
on quality criteria for CT (EUR16262) [30].

Other limitations of this study include the following:
the study population was not randomized and possibly for
rare diseases it is difficult to understand the impact of CT
in patient management.

Although the use of radiological investigation is often
justified by clinical benefits for the patients, in order to
counterbalance the modest risk due to radiation, it should
be remembered than even the smallest dose of radiation is
not entirely without risk.

Because of our inclusion criteria, our results may rep-
resent only “the tip of the iceberg” of the CT exposure
problems in EDs.

Conclusions

The use of CT for abdominal pain has increased particularly
in the EDs. This increase is due to the high specificity and
sensibility of CT in the diagnosis of the pathologies respon-
sible for acute abdomen [30,31] and the rapid time of scan
acquisition, resulting in a prompt therapy whenever needed.
Well-orchestrated strategies are needed to reduce unneces-
sary diagnostic imaging. A fundamental question is whether
these strategies work and how best to determine whether
they do without compromising patient well-being [32].

CT has changed the therapeutic approach, address-
ing patients directly to the correct medical or surgical
treatment [33-35], but it should be used only according
to guidelines.
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