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Abstract
Introduction

Renal colic (RC) caused by lithiasis is a common reason for presentation to the emergency department.
Its diagnosis is usually based on the patient’s clinical picture, but it is sometimes necessary to perform
complementary imaging tests. Even though the patient is exposed to high radiation doses, computed to-
mography (CT) of abdomen and pelvis is the gold standard test to confirm RC by lithiasis. That is why it is
necessary to implement and analyze the performance of other imaging tests such as abdominal ultrasound
(AUS), which is increasingly becoming more important in clinical practice. The objective of this study was
to evaluate the role of AUS in diagnosing a suspected acute RC by lithiasis and the use of other imaging
tests in clinical practice.

Methods

This is a retrospective observational study of a cohort of patients with suspected acute RC who underwent
an AUS, as requested by the emergency department of a third-level hospital. Different variables related
to the patient’s clinical picture, the performed imaging tests and their findings were analyzed. Moreo-
ver, both descriptive and analytical analysis of the main variables of interest were conducted: positive
diagnosis, use of low radiation dose protocols, and association between pain intensity and other relevant
variables.

Results

In this study, a total of 80 patients were analyzed. Of the 64 patients (80% out of the overall sample) who
underwent an abdominal radiography (AR), the radiologist was able to detect lithiasis in 18.8% of patients
(34.4%), whereas the emergency physician identified it in 7.8% of them (90.6%). The presence of lithiasis
was confirmed by AUS in 43.8% of patients. CT was complementarily conducted, diagnosing lithiasis in
38.8% of patients, of whom 90.3% had not been previously diagnosed with lithiasis. A low radiation dose
protocol was applied to 48.3% of the latter, and statistically significant differences were found between the
mean radiation dose to which those patients were exposed and the one administered when such protocol
was not applied. AUS results were neither significantly associated with the pain intensity of the patient’s
clinical picture, nor with a previous diagnosis of lithiasis.

Conclusion

AUS is a non-invasive test that offers significant diagnostic results if acute RC is suspected. Low radiation
dose protocols are employed in CT with certain frequency when the presence of acute RC is suspected.
However, it is necessary to implement intervention protocols that guarantee the appropriate use of this
imaging test in clinical practice.
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1. Introduction

Renal colic (RC) is an acute pathology characterized
by the sudden onset of severe pain in the costover-
tebral angle. This pain can be located or radiated
to the groin (1, 2). The most common cause of this
pathology is the obstruction of the ureter by a stone
(i.e. urolithiasis). Stones composed of calcium are
the most recurrent (3). Lithiasis accounts for 2-5% of
all clinical presentations to the emergency depart-
ment. It is the most common urological emergency
(4), affecting 5-10% of the population and presen-
ting a high relapse rate (5).

Sudden pain located in the flanks or radiated to the
groin is the most common clinical picture of the pa-
tient when treated in the emergency department.
This pain can be accompanied by haematuria, uri-
nary syndrome (2) and, less frequently, by gastroin-
testinal symptoms (nausea and vomiting) or fever,
among others (1). To consider it as an acute RC, the
patient must present any of the following: fever, re-
nal insufficiency (creatinine >1.5mg/dL), moderate
or severe hydronephrosis, bilateral renal colic, soli-
tary kidney, having undergone a renal transplant,
uncontrolled pain despite treatment, or pregnancy
(1, 6) (Figure 1).

The diagnosis of RC in emergency care is based on
three aspects: the patient’s medical record, a uri-
nary sediment analysis, and imaging findings (4).
Imaging tests are fundamental to diagnose lithiasis
in terms of identifying the location, size and hard-
ness of the stones. Consequently, imaging findings
help determine the most appropriate therapeutic
options to treat RC. The most common imaging
tests performed are plain abdominal radiography
(AR), abdominal ultrasound (AUS), and compu-
ted tomography (CT) of abdomen and pelvis (7). A
urine sediment analysis and an AR are systemati-
cally performed on the patient with suspected RC.
The results and the development of the patient’s
clinical picture will be taken into consideration in
order to assess if it is an acute RC or not (4).

CT is considered the gold standard test, as it ena-
bles a better examination of the stone than AUS
does. Since CT provides more information, the
therapeutic decision-making is more appropriate.
However, the patient undergoing this procedure is
exposed to high radiation doses (13-20 mSv) —unli-
ke AUS— and its routine use is complicated becau-
se of the high relapse rate of this illness (2, 6, 7, 10,
11). Therefore, there are low radiation dose proto-
cols to reduce the exposure to 6.1 mSv (11), which is
the minimum radiation dose that enables diagnosis
by imaging. The effective dose for CT of abdomen
and pelvis is around 7.7 mSv (12). AUS solves this
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problem, but it presents other limitations such as
the necessary technical and practical experience of
the professional conducting it, the stone size —if it
is too small, it may not be visible —, or the patient’s
morphotype, among others (13).

Several clinical guidelines recommend AUS as the
initial imaging test to be performed on patients
with suspected acute RC when AR is anodyne, or
the degree of hydronephrosis or other kind of com-
plication must be assessed (7, 10). However, there
is a huge variability in the choice and use of ima-
ging tests when RC is suspected in the usual clinical
practice (14, 15). Occasionally, ARs are not adequa-
tely assessed, or the radiographic technique used is
not the most appropriate. Sometimes, the decision
of conducting a CT or an AUS is likewise erratic and
conditioned by different aspects. On the one hand,
the work overload of the on-call radiologist leads
to decisions based on aspects such as the patient’s
phenotype and the degree of clinical suspicion,
among others. On the other hand, when the diag-
nosis by AUS does not reveal the presence of hy-
dronephrosis, a CT is complementarily performed,
but this is not usually conducted in clinical practice.
What is more, low radiation dose protocols are nei-
ther systematically applied in the performance of
this complementary CT (16).

There are few studies that analyze the use and the
performance of imaging tests for suspected RC
in the usual clinical practice. For this reason, the
main objective of this paper is to analyze the role
of AUS and other imaging tests in diagnosing sus-
pected acute RC in the usual clinical practice. The
secondary objectives of this paper are to describe
the clinical and analytical variables of the cohort of
patients, and to assess the diagnostic value of the
imaging tests that were performed on the patients
by the emergency physician and the radiologist.
Another secondary objective is to examine asso-
ciations of potential interest for this research, such
as the association between high body mass index
(BMI) and the diagnosis of lithiasis by AUS.

2. Methods

An observational retrospective study was con-
ducted following the STROBE guidelines (17). A
retrospective review was made to all the patients
who, presenting a suspected acute RC, underwent
an AUS from 1st September 2020 to 31st December
2020. This imaging test was requested by the emer-
gency department of Hospital Virgen de las Nieves
(Granada, Spain). Pregnant and underage (<18) pa-
tients were excluded. This study was approved by
the Research Ethics Committee of the Province of

Granada (code 1235-N-20).
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The database was made in Microsoft Excel®. Labo-
ratory data collected in the emergency department
was included: sedimentary red blood cells, creatini-
ne, leukocytes, and C-reactive protein. Data related
to the pathology was also included: location and
intensity of the pain at the time of requesting the
imaging test, assessed by the visual analogue scale
(VAS); injured area; presence of vegetative symp-
toms; and previous diagnosis of RC. In addition,
the database contains data from the radiography:
the doctor’s or radiologist’s assessment indicating
if lithiasis was visible or not, and variables related
to AUS performance (presence of vesical filling, vi-
sualisation, location and size of the stone, and pre-
sence of hydronephrosis). When conducting a CT,
the following information was included: use of low
radiation dose protocol if applicable and effective
dose, as well as the same variables applied to AUS,
excluding vesical filling.

All the variables of the database were statistically
analyzed by using SPSS® Statistics 23.0. Furthermo-
re, BMI and its subsequent categorization were cal-
culated: underweight (<18.5kg/m?2); normal-wei-
ght (18.5 — <25kg/m2); overweight (25 - <30kg/m2)
and obesity (>30kg/m?2) (18). Some quantitative va-
riables were presented as the median and the stan-
dard deviation (Table 1). Two bivariate statistical
analyses were undertaken. Firstly, the comparison
by Student’s t-test of two means to assess if there
were significant differences between the pain asses-
sed by VAS and the detection of lithiasis. Second-
ly, the X2 test to analyze the association between a
previous diagnosis of RC and the performance of a
complementary CT, and between the BMI and the
detection of lithiasis by AUS. These data are inclu-
ded in Table 2.

3. Results
3.1. Sample characteristics

The cohort of patients with suspected acute RC, on
whom an AUS was performed, was composed of 80
people —49 men (61.3%) and 31 women (38.8%) —
with a mean BMI of 25.73kg/m?2 (s=5.9; minimum
value: 16.4; maximum value: 49.2), and a mean VAS
of 7.26 (s=1.95). A CT was performed on 31 patients
(38.8%) to confirm the diagnosis of RC, with a mean
radiation dose of 9.19 mSv (s=6.57). The low radia-
tion dose protocol was applied to 15 patients (48.3%
of the conducted CT). The mean size of the stone de-
tected by AUS was 5.67mm (s=2.87). A descriptive
analysis of the following variables was undertaken:
BMI, VAS scale, effective dose of mean radiation
(mSv) and size of the stone (Table 1). The remaining
variables were not taken into account because they
were not significant for the objective of this study.

3.2. Use of AR

A total of 64 sample patients (80%) underwent AR.
An emergency physician examined 90.6% of these
radiographies, but lithiasis was only found in 7.8%.
Among those analyzed by a radiographer (34.4% of
the samples), lithiasis was reported in 18.8%, whe-
reas inconclusive signs were found in 15.6%.

3.3. Diagnostic performance of AUS

Obstructive lithiasis was identified by AUS in 35
patients (43.8%). It was located in the distal ureter
with a mean size of 4.5 mm (s=2) in 62.9% of the
patients; in the middle ureter with a mean size of
7.5 (s=4.5) mm in 5.7%; and in the upper ureter with
a mean size of 7.98 mm (s=2.5) in 28.6%. However,
2.9% was not included in the database (lost data).

3.4. BMI impact on AUS diagnosis

In our study population, 2 patients (2.5%) were un-
derweight, 40 (50%) were normal-weight, 22 (27.5%)
were overweight, and the remaining 16 (20%) were
obese. Upon comparison of BMI categories and the
presence of lithiasis in the AUS diagnosis, it was
found that underweight patients were not diagnosed
with lithiasis. Among normal-weight patients, lithia-
sis was found in 18 out of 40 (45%). In the overweight
group, lithiasis was detected in 9 out of 22 (40.9%).
As for the obesity group, lithiasis was detected in
half of the patients. The x2 test showed no significant
differences among the four groups (p=0.646).

3.5. Cases needing CT after AUS

Among our cohort patients, 31 (38.8%) underwent
a CT in order to complete the urolithiasis study,
which was diagnosed in all the cases. Among these,
it was not possible to diagnose it in 28 cases (90.3%)
exclusively by AUS. As for the three remaining ca-
ses (9.7%), a CT was required to complete the study
for other reasons, although it was possible to de-
tect lithiasis by AUS. Among the 45 patients with
undiagnosed lithiasis by AUS, 17 (37.8%) did not
undergo a CT to complete the diagnosis.

3.6. Application of low radiation dose protocol

Within the group that underwent a complementary
CT, 15 patients (48.4%) were exposed to a low dose
with a mean radiation dose of 5.49 mSv (s=4). The re-
maining 16 patients (51.6%) were not exposed to this
protocol. Among them, radiation data on only 13 pa-
tients (81.5%) were collected. These were exposed to
a mean radiation dose of 13.46 mSv (s=6.4). The Stu-
dent’s t-test showed significant differences between
the average radiation doses in both groups (p<0.001).

As a summary, Figure 2 shows a comparison between
imaging tests (AR, AUS, and CT) in diagnosing RC in
the emergency department.



4. Discussion

Our study presents interesting results. To begin
with, the emergency physician identified only 7.8%
of urolithiasis cases by a plain AR, whereas 18.8 %
of lithiasis cases were identified by the radiogra-
pher. The low number of RC cases identified by the
emergency physician using AR might be explained
by the size of the stone, apart from a poorer training
compared to that of the radiographer. According to
Sung Li Jung et al. (19), there is an association be-
tween a bigger size of the stone and the AR sensiti-
vity (50%) to detect a case of lithiasis. Its sensitivi-
ty drops to 23.6% when the stone is smaller than 5
mm. The mean stone size diagnosed by AUS in our
study is 5.6 mm. This would explain a decrease in
the radiography’s sensitivity to detect urolithiasis.
In any case, our results suggest that a cross-consul-
tation with a radiologist should be facilitated so as
to aid the diagnosis of renal lithiasis. This would
prevent further unnecessary tests, particularly in
cases where lithiasis has a small size and is located
in the distal ureter.

No significant differences based on the conventional
categories of BMI were found in lithiasis diagnosis
by AUS, which suggests that this procedure could
provide a similar diagnostic performance indepen-
dently from the patient’'s morphotype. However,
the reduced sample size of our study requires wi-
der studies, ideally prospective, in order to verify
the strength of this hypothesis.

In our study, most urolithiasis diagnosed by AUS
have a mean size of 5.67 mm. There are comparative
studies that highlight the disadvantage of this pro-
cedure regarding the inaccuracy of the urolithiasis
diagnosis itself and the size of the stone (13). These
studies show that AUS diagnosis tends to overes-
timate the size of stones smaller than 5 mm. Even
Ganesan V et al. (20) point out that there is a signi-
ficant overestimation in stones up to 10 mm. Such
an overestimation can show an increase in the size
of stones up to 2.2 mm on average in renal lithiasis.
This is not a trivial matter, as clinical management is
determined according to the stone size. Therefore, a
size overestimation could lead to an inadequate cli-
nical decision for the patient. Some studies reveal
that the use of AUS leads to inadequate therapeutic
decision-making in 1 out of 5 patients diagnosed by
AUS (20).

Smith R et al. (21) observed that patients that un-
derwent AUS are exposed on average to significant-
ly less radiation than those subjected to CT (10.1
mSv and 9.3 mSy, respectively, against 17.2 mSv).
However, they confirmed an increase in the need
for complementary tests in those patients who un-
derwent AUS at first. The same fact was also ob-
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served in our study, as 38.8% of the patients had
to undergo a complementary CT after being unsuc-
cessfully diagnosed with RC by AUS. The need for
a CT in order to determine with greater accuracy
the presence and size of a stone in patients with
RC (13) involves exposing patients to radiation
(often in several occasions), alongside the dangers
it entails for their health, mainly related to radia-
tion-induced cancer (5). As pointed out by Rob S.
et al. (22), the frequent use of radiological images
in subjects suffering from RC relapses results in
exceeding the yearly recommended dose of ra-
diation administered to each patient. Therefore, it
supports our idea of encouraging the use of AUS
when a case of acute RC is suspected so as to avoid
the radiation excess by CT. Low dose (<3.5 mSv)
and ultra-low dose (1.9 mSv), as defined by Rob
etal., correspond to a radiation dose far lower than
the mean one used in our study (9.19 mSv). Howe-
ver, if only patients undergoing the low radiation
dose protocol are taken into account, the effective
doses are similar (mean dose: 5.49 mSv). This as-
pect is relevant, especially if the fact that the CT
diagnostic capacity was not affected is considered.
This supports the importance of using these low
radiation dose protocols. Nonetheless, it is neces-
sary to verify this matter through specific studies.

It must be noted that there are several limitations
in our study. Firstly, the reduced sample size com-
plicates the possibility to establish connections that
can be extrapolated to the general population. Se-
condly, the absence of some potentially interesting
variables, such as the reason why CT is performed,
why the low dose protocol is administered, and the
post-diagnosis type of treatment. Lastly, the study
presents a single-center nature that limits the exter-
nal validity of the study, and there are some lost
data due to an inadequate data collection by the
healthcare staff. Many of these limitations are due
to the eminently practical and descriptive nature of
the study. It would be beneficial to establish a com-
mon nomenclature in future studies when collec-
ting data on the anatomical site of lithiasis. Among
other aspects, this could be used to associate the RC
pain intensity with the location of lithiasis.

5. Conclusions

The RC diagnostic capacity by AUS was acceptable,
but the complementary use of CT (the gold standard
test) was required in a significant number of cases.
According to the scientific literature, the increase
in the AUS importance during RC diagnosis is evi-
dent, but certain aspects, such as the training of the
staff in charge of the test, need some improvements.
It is essential to avoid AUS inaccuracies during the
diagnosis, as it could lead to a mistaken therapeutic
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program and an inadequate clinical management of
the patient. On the other hand, the plain AR sensi-
tivity is remarkably conditioned by the stone size,
as the diagnosis is very limited with small stones.
Despite this limitation, the radiographer diagnoses
more urolithiasis than the emergency physician, so
cross-consultation with the former should be facili-
tated in order to aid the diagnosis. No associations
between a high BMI and a lower ability to visualize
urolithiasis in AUS have been found. This would
support the use of this technique in patients with
a high BMI despite clinical guides advising to per-
form CT as an initial diagnostic imaging test on this
group of patients.
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95 %CI
Mean Standard deviation
Inferior Superior
VAS 7.3 19 6.8 7.7
BMI 257 5.6 24.5 26.9
Size* (mm) 5.7 29 4.6 6.7
mSv dose** 9.2 6.6 6.7 11.7
* Only the cases where AUS detected lithiasis (N=30)
** Only the cases where it was necessary to conduct a CT (N=31)
VAS: visual analogue scale
BMI: body mass indexI
Table 1. Quantitative variables.
BMI Category
Underweight Normal- weight Overweight Obesity
<18.5 kg/m2 18.5 - <25 kg/m?2 25 - <30 kg/m?2 >30 kg/m?
Yes 0 18 9 8
Was lithiasis
visualized by AUS?
No 2 22 13 8
P-value=0.646
Association between previous RC and the need for CT at the time.
Previous RC X?
Was CT required?
Yes No P-value 0.192
Yes 18 (58.1 %) 13 (41.9 %) Estimador X? 0.661
No 26 (53.1 %) 23 (46.9 %)
31
BMI: body mass index
AUS: absominal ultrasound
CT: computed tomography

Table 2. Bivariate analysis.
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Figure 2. Comparison of RC diagnostic test pictures.
1. Intrarenal lithiasis.
2. Ureteral lithiasis.

CT: computed tomography XR: abdominal radicgraphy
RC: renal colic US: abdominal ultrasound Arrow: lithiasis location in the pictures
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