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ARTICLE INFORMATION AIM: To evaluate the utility of contrast-enhanced computed tomography (CECT) for patients
with suspected uncomplicated renal colic (URC) and no abnormalities on non-enhanced

Article history: computed tomography (NECT).

Received 11 March 2019 MATERIALS AND METHODS: The hospital institutional review board and ethics committee

Accepted 11 June 2019 approved this retrospective study with a waiver of informed consent. Between January 2016

and April 2017, all consecutive adult patients who consulted at the adult Emergency Depart-
ment (ED) with suspected URC and who had undergone both NECT and CECT were included
retrospectively. The primary endpoint was prevalence of CECT-only diagnosis without acute
findings on NECT. The risk factors for an acute finding were identified by logistic regression
analysis.

RESULTS: Among 126 patients with suspected URC, 12 were excluded. Among the 76 patients
with no acute findings on NECT, CECT led to find acute lesions in 14/76 (18%) cases, but only 2/
76 (3%) resulted in a change of management. Predictive factors of abnormal finding on CECT
were: low renal clearance and high leukocyte count with OR 0.96 (95% confidence interval [CI]:
0.93—-0.99), p=0.0189 and OR 5.79 (95% CI: 1.55—21.64), p=0.0091, respectively.

CONCLUSIONS: In most cases, NECT is sufficient for screening patients with suspected URC. If
leucocytosis and low renal function are present, stronger consideration may be given to CECT.

© 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Introduction presenting symptom in France, with a prevalence of 1-2%
of patients admitted to emergency departments (ED).
The lifetime incidence of urolithiasis in Europe is esti-  Non-enhanced computed tomography (NECT) is the diag-

mated at between 5 and 10%."2 Renal colic is a common  Nostic method of choice for patients with suspected renal
colic.’~” NECT is rapid, accurate, and has high sensitivity
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the cause of symptoms; however, there is no international
guideline to provide clear guidance on whether or not it is
necessary to perform CECT in cases of negative NECT. In
daily practice, when NECT is normal, it is unclear whether
radiologists should undertake CECT as a second acquisition
or not. Indeed, CECT provides little additional information
to explain the patient’s pain and any change in manage-
ment is rarely relevant. This is supported in the literature
by two studies, which did not, however, include some
clinical data and blood results (such as analogue pain scale,
heart rate, urinary dipstick findings, leukocytes, or C-
reactive protein [CRP]) in their analyses.'>!® Therefore, the
management of these patients often depends on the ra-
diologist’s appreciation and experience and differs be-
tween hospitals. When no acute finding explain symptoms
on NECT in cases of suspected URC, in addition to normal
clinical and biological findings, CECT is not necessary. In
addition, contrast medium injection carries significant
risks that should be taken into consideration, particularly
inyoung patients (additional radiation exposure, renal and
allergy risks, time and cost).

The aim of the present study was to determine the utility
of CECT in patients with suspected URC with no acute
findings explaining symptoms on NECT by evaluating the
prevalence of CECT-only diagnosis, without acute findings
on NECT. A secondary objective was to determine clinical
and biological prognostic factors associated with a finding
at CECT.

Materials and methods

The hospital institutional review board and ethics com-
mittee approved this retrospective study with a waiver of
informed consent.

Patients

Between January 2016 and April 2017, all consecutive
adult patients who presented to the adult ED and were
referred by the emergency physician for a CT for suspected
URC were included. Four hundred and fifty-seven patients
were review for inclusion in the final cohort (Fig 1).

Study design

Informatics data from all patients referred to the radi-
ology department for CT during a representative period of
>1 year were reviewed retrospectively. Patients with
confirmed nephrolithiasis on NECT or those who only had
NECT were excluded from analysis. Departmental policy
was to perform CECT in patients referred for URC, if NECT
did not identify the cause of clinical symptoms. Patients
who underwent both NECT and CECT, where the NECT did
not demonstrate an acute finding were included in the
current analysis. Patients were excluded from analysis if
they had a temperature of >38°C (100°F), have known
structural urinary tract abnormality including solitary kid-
ney, or had recent history of abdominal surgery. Finally,
patients with “no acute findings” on NECT were analysed.
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Data collected

Data collected included patient demographics (gender,
age), clinical data (analogue pain scale on admission, flank
pain, dysuria, heart rate, temperature), blood results (creat-
inine [mmol/1], renal clearance [ml/min], leukocytes [10°/1],
C-reactive protein [CRP; mg/l], urinary dipstick findings
[leukocytes, erythrocytes, nitrites; positive if 1+]) collected
from patients’ files during the time in ED. The CT protocol,
radiation doses, pathology results, and treatment were also
recorded. The final ED physician or urologist conclusion
acted as the standard of reference. If patients were re-
admitted to the ED in the following month, the reason for
re-admission was recorded and again conclusions were
taken as standard reference if the symptoms were similar.

Imaging

CT was performed using a 64-detector row system,
LightSpeed VCT 64 (GE Medical Systems, Milwaukee, WI,
USA), from the diaphragm to the symphysis pubis with
1.375 pitch, 0.6 seconds tube rotation time, 100 kV, a
nominal section thickness of 0.625 mm, and a reconstructed
section thickness of 1.25 mm. Dose-modulation software
was used to determine the tube current according to body
weight (noise index, 25; 100—300 mA).

Another scanner, Aquilon Prime (Toshiba Otawara, Japan),
was used for some patients (24/76), with 0.825 pitch, 0.5
seconds tube rotation time, 100kV, and a nominal and
reconstructed section thickness of 2 mm. Dose-modulation
software was also used to determine the tube current ac-
cording to body weight (noise index, 12.5; 80—500 mA).

Images were first acquired without contrast agent. An
iodinated contrast agent (Xenetix 300, Guerbet) was then
administered intravenously at a dose of 1.5 ml/kg and a flow
rate of 3—4 ml/s using a mechanical power injector (One
Medrad Drive, Indianola, PA, USA). Images were acquired in
the portal phase (80—90 seconds after injection) with the
same CT parameters except for the 120 kV. An additional
arterial (40 seconds) or excretory phase (8—12 minutes)
was at the radiologist’s discretion.

CT interpretation

Retrospectively, one senior (6 years of experience in
emergency radiology) and one junior radiologist (4 years of
experience in emergency radiology) independently
reviewed each CT on the department’s PACS workstation
(Telemis HQ Belgium, Telemis SA) with multiplanar re-
constructions. The radiologists were provided with the in-
formation “suspected URC”, as well as clinical and biological
data, but were blind to the final diagnosis. Each radiologist
performed two different readings': the first reading
included the NECT of each patient only. Each radiologist
classified patients into two groups: “no acute findings” and
“acute findings”. An acute finding was defined as any CT
abnormality explaining the symptoms and related to
emergency findings. Incidental findings considered as not
related to the patient’s symptoms were not included in
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Figure 1 Flow chart. URC, uncomplicated renal colic; NECT, non-enhanced computed tomography; CECT, contrast-enhanced computed

tomography.

acute findings. If there was disagreement in the classifica-
tion of a case, a joint review was done. The present study
population consisted of all patients with no acute findings
on NECT (Fig 1).? The second reading was performed
randomly 1 month after the first one and included both
NECT and CECT images for each patient in the study popu-
lation. The final diagnosis was taken as that diagnosed with
NECT and CECT imaging. If there was disagreement in the
final diagnosis, a joint review was done. Each diagnosis was
associated with a confidence level at each reading session,
ranging between 0 and 100%.

Treatment

Patients were treated by an emergency physician. A
change in medical care was defined as a patient receiving a
treatment different from treatment based on clinical and
biological emergency physician examination, as analyses
were done on patients with NECT with no acute findings. A
relevant change in medical care was defined as a patient
being hospitalised.

Statistical analysis

Quantitative variables are presented as mean4standard
deviation. For qualitative variables, the number (N) and
percentage (%) are presented for each category. Logistic
regressions were used to perform univariate and multivar-
iate analyses to identify predictive factors for acute findings,
and are presented by OR and 95% CI.

Each observer’s level of confidence (before the consensus
reading) was compared between the two readings using a

Wilcoxon signed-rank test. The analysis was done with
version 9.4 of SAS software (SAS Institute, Cary, NC, USA).

Results

Population

Among the 126 patients having both NECT and CECT, 12
were excluded. The reasons for exclusion are given in Fig 1.
Of the 114 patients included, 76 had no acute findings on
NECT explaining symptoms (Fig 1). The mean age of pa-
tients was 40.8 years (SD 15.7, range 18—85 years), and 30%
of patients were male. The population characteristics are
shown in Table 1.

No acute findings on NECT and CECT

Sixty-two patients had no acute findings on either NECT
or CECT. Twenty-one patients had a positive urinary
dipstick test (positive leukocytes) and five of them were
treated with antibiotics. All other patients received symp-
tomatic treatment. At 1-month follow-up, two female pa-
tients had been admitted within 10 days to the gynaecology
department and subsequently discharged with symptom-
atic treatment. One patient returned to the ED because of
seizure, and one patient was admitted for pulmonary em-
bolism diagnosed at chest CT.

Acute findings on CECT only

Among the 76 patients, 14 (18%) had acute findings on
CECT only (Fig 1). In these 14 patients, the diagnosis
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Table 1
Population characteristics
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Patient characteristics All (n=76) No abnormalities (n=62) Acute findings (n=14)
Gender

Female 53 (69.7%) 42 (67.7%) 11 (78.6%)

Male 23 (30.3%) 20 (32.3%) 3(21.4%)
Age (mean, SD) 40.8+15.7 40.2+15.2 43.1+18.1
Medical care

Antibiotics 9(11.8%) 5(8.1%) 4 (28.6%)

Anticoagulants 2 (2.6%) 1(1.6%) 1(7.1%)

Surgery 1(1.3%) 0 (0.0%) 1(7.1%)

Symptomatic 64 (84.2%) 56 (90.3%) 8 (57.1%)
Re-admitted within 10 days

No 71 (93.4%) 59 (95.2%) 12 (85.7%)

Yes 5 (6.6%) 3 (4.8%) 2 (14.3%)
Analog pain scale on admission 6.2+2.5 6.0+£2.6 7.14+2.2
Dysuria

No 51 (68.9%) 41 (67.2%) 10 (76.9%)

Yes 23 (31.1%) 20 (32.8%) 3(23.1%)
Heart rate (mean, SD) 81.2+16.3 81.4+16.5 80.4+15.8
Flank pain

Both sides 7 (9.2%) 5(8.1%) 2 (14.3%)

Right 39 (51.3%) 29 (46.8%) 10 (71.4%)

Left 30 (39.5%) 28 (45.2%) 2 (14.3%)
Temperature (°C) (mean, SD) 36.7+0.5 36.74+0.5 36.64+0.6
Creatinine (umol/l) (mean, SD) 71.2+20.1 68.9+16.7 81.3+£29.5
Renal clearance (ml/min) 101.94+20.0 104.8+18.5 89.64+22.5
Leukocytes (10%/1) 9.0+3.1 8.74+2.8 10.7+£3.9
C-reactive protein (mg/l) 7.9+18.6 6.6+18.6 13.8+18.5
Urinary dipstick: leukocytes

0 52 (69.3%) 42 (68.9%) 10 (71.4%)

1 16 (21.3%) 15 (24.6%) 1(7.1%)

2 5 (6.7%) 3 (4.9%) 2 (14.3%)

3 2 (2.7%) 1(1.6%) 1(7.1%)
Urinary dipstick: erythrocytes

0 29 (38.7%) 26 (42.6%) 3(21.4%)

1 12 (16.0%) 9 (14.8%) 3(21.4%)

2 9 (12.0%) 9 (14.8%) 0 (0.0%)

3 25 (33.3%) 17 (27.9%) 8 (57.1%)
Urinary dipstick: nitrites

No 72 (96.0%) 60 (98.4%) 12 (85.7%)

Yes 3 (4.0%) 1(1.6%) 2 (14.3%)
Dose—length product (mGy.cm) (mean, SD) 568.0+257.3 578.9+272.5 519.7+175.0

included pyelitis and ureteritis (n=7), cystitis (n=1), ure-
teral ectasia (n=1), renal infarct (n=1), appendicitis (n=1),
diverticulitis (n=1), duodeno-jejunitis (n=1), and adnexal
pathology (n=1). Eight of these patients had no change in
medical care with only symptomatic treatment. In four
cases, a diagnosis of urinary tract infection was established,
combining a positive urinary dipstick and abnormalities on
CECT. The patients received antibiotic treatment. For two
patients (3%), CECT led to a relevant change in medical care
and the patients were admitted to hospital. One of these
patients with appendicitis had surgery and the other pa-
tient with renal infarct was treated with anticoagulant
therapy. On 1-month follow-up, one patient was re-
admitted within 10 days as a gynaecological emergency
and then discharged with symptomatic treatment, and one
patient returned to the ED for quinolone tendinitis.

Factors predictive of CECT abnormalities

In the univariate analysis, ORs for acute findings on
CECT were statistically significant for three variables

(Table 2). The first was low renal clearance: 89.6 (SD 22.5)
versus 104.8 (SD 18.5) ml/min (OR 096 95% CI:
0.93-0.99; p=0.02). The second was a leukocyte
threshold >12x10%1, which is more common in patients
with CT abnormalities (OR 5.79, 95% Cl: 1.55—21.64;
p=0.01). The third was a CRP value >5 mg/I (OR 4.36, 95%
Cl: 1.12—17.03; p=0.03).

On multivariate analysis, only renal clearance and a
leukocyte threshold >12x10°/1 were statistically significant
with ORs of 0.95 (95% CI: 0.92—0.99; p=0.01) and 0.11 (95%
Cl: 0.03—0.48; p<0.01), respectively.

Confidence level

The diagnostic confidence level for both the senior and
junior radiologist was significantly better (p<0.0001)
with NECT+CECT images than with NECT images only.
The results are shown in Table 3. The senior radiologist
was more confident than the junior radiologist for NECT
images. This difference disappeared when the CECT series
was added.
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Table 2
Univariate data analysis by logistic regression
Variable Total (n) Acute findings (n) OR [95% CI] p-Value
Gender 76 14 0.43
Female 53 11 1
Male 23 3 0.57 [0.14; 2.28]
Age 76 14 1.01 [0.98; 1.05] 0.53
Re-admitted within 10 days 76 14 0.22
No 71 12 1
Yes 5 2 3.28 [0.49; 21.78]
Analog pain scale on admission 76 14 1.20 [0.92; 1.55] 0.18
Dysuria 74 13 0.50
No 51 10 1
Yes 23 3 0.62 [0.15; 2.49]
Heart rate 75 14 0.59
<75 23 3 1
75—-85 29 7 2.12 [0.48; 9.34]
>85 23 4 1.40 [0.28; 7.12]
Flank pain 76 14 0.14
Right 39 10 1
Both 7 2 1.16 [0.19; 6.95]
Left 30 2 0.21 [0.04; 1.03]
Temperature 76 14 0.64 [0.22; 1.84] 0.41
Creatinine 75 14 1.03 [1.00; 1.05] 0.07
Renal clearance 75 14 0.96 [0.93; 0.99] 0.02
Leukocytes (10°/1) 75 14 0.01
<12 62 8 1
>12 13 6 5.79 [1.55; 21.64]
C-reactive protein 62 11 p=0.03
<5 45 5 1
>5 17 6 436 [1.12; 17.03]
Urinary dipstick: leukocytes 75 14 p=0.29
0 52 10 1
1 16 1 0.28 [0.03; 2.38]
2 5 2 2.80 [0.41; 19.05]
3 2 1 4.20 [0.24; 73.07]
Urinary dipstick: erythrocytes 75 14 p=0.20
0 29 3 1
1 12 3 2.79 [0.51; 15.37]
2 9 0 0.40 [0.02; 9.82]
3 25 8 3.68 [0.90; 15.04]
Urinary dipstick: nitrites 75 14 p=0.07
No 72 12 1
Yes 3 2 10.00 [0.84; 119.31]
Table 3
Comparison of confidence level between the two readings for each observer
Observer NECT (n=76) NECT+CECT (n=76) p-Value
% confidence level of senior radiologist 88.947+7.272 98.882+6.250 p<0.0001 (RS)
(60; 87.5; 90; 95; 95) (50; 100; 100; 100; 100)
% confidence level of junior radiologist 84.605+6.417 99.079+4.059 p<0.0001 (RS)

(60; 80; 90; 90; 90)

(80; 100; 100; 100; 100)

Mean-+standard deviation (min; Q1; median; Q3; max), Wilcoxon signed-rank test. (RS).
NECT, non-enhanced computed tomography; CECT, contrast-enhanced computed tomography.

Discussion

In the present study, 62/76 (81%) of patients who un-
derwent enhanced CT for suspected URC had both a nega-
tive NECT and a negative CECT. In 14/76 (18%) of cases, there
were acute findings on CECT only. The change in medical
care was only relevant for 2/76 (3%) of patients.

There is no clear guidance on whether to perform CECT if
NECT performed for suspected URC is normal.>!” Agarwal

etal. and Miller et al. attempted to address this question, but
yielded discordant results. In their studies, CECT provided
additional information in 5.3% and 9.9% of -cases,
respectively.

Other urological conditions are the main alternative di-
agnoses with the additional CECT acquisition, as described
in other studies.”>'® Nine patients had pyelitis, ureteritis,
cystitis, or ureteral ectasia on CECT suggestive of a recent
history of ureteral stone or urinary tract infection. In these
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cases, CECT did provide a definitive diagnosis, but the rate of
medical care modified by acute findings was low in the
present study. In four patients, a change in medical care was
deemed to have occurred according to the present criteria,
due to treatment with antibiotics; however, in these pa-
tients, the dipstick test was also abnormal. Five patients
with no NECT and CECT abnormalities were also prescribed
antibiotics subsequent to dipstick results. This constitutes
one of the limitations of the study: due to its retrospective
nature, it is difficult to determine whether the CECT actually
changed management or whether the positive dipstick
alone would have been sufficient for the treatment. Ac-
cording to guidelines, a positive dipstick test with corre-
sponding abdominal pain should be sufficient for antibiotic
treatment. Therefore, management probably did not change
as a result of CECT results, and patients would still have
received antibiotics on the basis of clinical and biological
findings.

The change in medical care was relevant for two pa-
tients, one with appendicitis and another with a renal
infarction. In the case of appendicitis, the clinical exami-
nation found right flank pain in the 18-year-old male pa-
tient, and biological abnormalities (elevated CRP). In cases
such as this with young patients, CT should not be the
primary imaging method for abdominal exploration. Ul-
trasound remains the main imaging method for right flank
pain in young patients, which was not performed for this
patient before CT and may have established the correct
diagnosis of appendicitis (Fig 2). Moreover, the NECT of
this patient was reviewed after the study analysis by both
readers and there was no sign to suspect appendicitis on
NECT (the appendix was surrounded by the ileum and no
infiltration or size augmentation was seen on the NECT
image). In the second case of renal infarction, the patient
was older (80 years) with many cardiovascular risk factors.
Analysis of medical records showed that the patient had
been hospitalised in the previous month to receive abla-
tive therapy for atrial fibrillation. This procedure is known
to carry a high risk of embolic events, especially in renal
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arteries (Fig 3). The recent medical history should have
steered clinical suspicion in ED away from URC and to-
wards renal ischaemia. The radiologist should have sus-
pected a vascular pathology because the patient had
arterial and venous phases on CECT.

Two factors associated with a CECT-only diagnosis were
identified. First, a leukocyte count greater than a threshold
value of 12x10°/1 was associated with CECT abnormalities.
This could be explained by the fact that urinary and
gastrointestinal tract inflammation increases the white
blood cell count. Second, the renal clearance is associated
with an OR <1 means that the variable represents a pro-
tection from the outcome. So, a low renal clearance is
associated with CECT abnormalities, which is not surprising
as the main alternative diagnosis in the present study was
other urological conditions. Interestingly, the urinalysis was
not associated with a CECT-only diagnosis'®; however, the
sample size was small and results should be confirmed in a
larger study.

The present results show that, in cases of suspected URC,
performing CECT when NECT is normal is of low benefit.
This should be taken into consideration in clinical practice
due to the significant risks associated with contrast medium
injection. First, CECT imaging represents additional radia-
tion exposure as it is not possible to perform only CECT in
these patients, given that kidney stones show up better on
NECT. So if an injection is required, two acquisitions should
be performed, one NECT and one CECT. Moreover, the NECT
may be “low-dose” whereas the CECT is usually performed
with normal radiation doses in clinical practice.'”*° Second,
this poses a renal risk in these patients for whom the main
alternative diagnosis is a urological condition. Third, there is
a contrast medium allergy risk, especially in young patients
in whom the benefit—risk ratio should be continuously
assessed. Finally, the time delay and the cost should also be
considered. One possibility that could be considered is
performing an initial “low-dose” NECT and a repeat clinical
examination to identify pain in particular (some patients no
longer had pain after the CT).

@)

(b)

Figure 2 An 18-year-old male patient with right flank pain, no fever, and elevated CRP (60 mg/l). (a) No abnormality is seen at NECT. (b) Early

appendicitis is diagnosed at CECT (arrow).
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Figure 3 An 80-year-old patient with left flank pain, many cardiovascular risk factors, and a recent history of atrial fibrillation ablation. (a) No
abnormality is seen at NECT in left kidney. (b) No contrast medium uptake is seen at CECT in the left kidney consistent with infarct (asterisk).
(c) There is a thrombus (arrow) at the origin of the left renal artery. No contrast medium uptake in the left kidney is seen compared to the

right kidney.

For both observers, CECT was associated with a higher
confidence level than NECT. The senior radiologist’s confi-
dence level in the NECT was higher than that of the junior;
however, this did not affect performance.

There were limitations of the present study that
should be considered. The small sample size and the
retrospective design can introduce selection bias. Some
patients admitted to the ED for URC with no acute
findings on NECT images did not undergo CECT for
various reasons (radiologist’s discretion, clinical
impression, or absence of pain during examination, etc.).
Patients who were injected were the most symptomatic;
in which case, many abnormalities would be expected
on CECT and a high benefit with contrast medium in-
jection; however, the CECT images provided little addi-
tional information.

In conclusion, it is suggested that in cases of suspected
URC with no atypical clinical and biological features, a
normal NECT should not be routinely followed by CECT;
however, CECT must be considered if leucocytosis and low
renal clearance are present.
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