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Normal renal sonogram identifies renal colic patients
at low risk for urologic intervention: a prospective

cohort study

Justin W. Yan, MD, MSc*'; Shelley L. McLeod, MSc*; Marcia L. Edmonds, MD, MSc*";
Robert J. Sedran, MD, MSc*"; Karl D. Theakston, MD, MSc*"

ABSTRACT

Introduction: Determining which patients with ureterolithia-
sis are likely to require urologic intervention is a common
challenge in the emergency department (ED). The objective
was to determine if normal renal sonogram could identify
low-risk renal colic patients, who were defined as not
requiring urologic intervention within 90 days of their initial
ED visit and can be managed conservatively.

Methods: This was a prospective cohort study involving
adult patients presenting to the EDs of a tertiary care centre
with suspected renal colic over a 20-month period. Renal
ultrasonography (US) was performed in the diagnostic
imaging department by trained ultrasonographers, and the
results were categorized into four mutually exclusive
groups: normal, suggestive of ureterolithiasis, visualized
ureteric stone, or findings unrelated to urolithiasis.
Electronic medical records were reviewed to determine if
patients received urologic intervention within 90 days of
their ED visit.

Results: Of 610 patients enrolled, 341 (55.9%) had US for
suspected renal colic. Of those, 105 (30.8%) were classified as
normal; none of these patients underwent urologic interven-
tion within 90 days of their ED visit. Ninety (26.4%) US results
were classified as suggestive, and nine (10%) patients
received urologic intervention. A total of 139 (40.8%) US
results were classified as visualized ureteric stone, and 34
(24.5%) patients had urologic intervention. Seven (2.1%) US
results were classified as findings unrelated to urolithiasis,
and none of these patients required urologic intervention.
The rate of urologic intervention was significantly lower in
those with normal US results (p < 0.001) than in those with
abnormal findings.

Conclusion: A normal renal sonogram predicts a low like-
lihood for urologic intervention within 90 days for adult ED
patients with suspected renal colic.

RESUME

Introduction: Il est souvent difficile de discerner, au service
des urgences (SU), les patients qui sont susceptibles de subir
une intervention rénale parmi ceux qui souffrent d'une
urétérolithiase. L'étude visait a déterminer si I'obtention
d’un échogramme rénal normal permettait de reconnaitre les
cas de colique néphrétique a faible risque, définis par
I'absence de nécessité d'une intervention rénale dans les
90 jours suivant la premiere consultation au SU et par la
possibilité d'une prise en charge conservatrice.

Méthode: Il s’agit d'une étude de cohortes, prospective,
menée au SU d'un centre hospitalier de soins tertiaires, sur
une période de 20 mois, chez des adultes souffrant
vraisemblablement d'une colique néphrétique. Une écho-
graphie rénale (ER) a été effectuée au service d'imagerie
diagnostique par des échographistes qualifiés, et les résul-
tats ont été divisés en quatre groupes mutuellement
exclusifs: normaux, évocateurs d'une urétérolithiase, révéla-
teurs d'un calcul urétéral (visualisé), et non liés a une lithiase
urinaire. Il y eu examen des dossiers médicaux électroniques
afin de vérifier si des patients avaient subi une intervention
rénale au cours des 90 jours suivant la consultation au SU.

Résultats: Sur 610 patients sélectionnés, 341 (55.9%) ont subi
une ER pour une colique néphrétique présumée. Parmi ceux-
ci, 105 (30.8%) ont obtenu des résultats normaux, et aucun
d’entre eux n’a subi une intervention rénale au cours des 90
jours suivant la consultation au SU; chez 90 (26.4%) patients,
I'ER a donné des résultats évocateurs d’une urétérolithiase,
et 9 (10%) d’entre eux ont subi une intervention rénale; chez
139 (40.8%) patients, I'ER a permis de visualiser un calcul
urétéral, et 34 (24.5%) d’entre eux ont subi une intervention
rénale; enfin, chez 7 (2.1%) patients, les résultats obtenus a
I’ER n’étaient pas liés a une lithiase urinaire, et aucun d’entre
eux n'a subi une intervention rénale. Le taux d’intervention
rénale était significativement plus bas chez les patients ayant
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obtenu des résultats normaux a I'ER (p < 0.001) que chez
ceux ayant obtenu des résultats anormaux.

Conclusion: L'obtention d'un échogramme rénal normal
permet de prévoir le faible risque d’intervention rénale dans

les 90 jours suivant la consultation au SU, chez les adultes
souffrant d'une colique néphrétique présumée.

Keywords: renal colic, ultrasonography, urolithiasis

Renal colic is a common emergency department (ED)
presentation that affects approximately 1.2 million
people in the United States annually.’ Due to its high
sensitivity and specificity, computed tomography
(CT) is the gold standard imaging modality for the
diagnosis of urolithiasis.>* CT also has the ability to
identify other acute intra-abdominal pathology (e.g.,
abdominal aortic aneurysm, bowel pathology, appen-
dicitis) that may mimic renal colic.*® At present, the
American College of Radiology recommends CT as
the initial imaging modality for acute-onset flank pain,
particularly when there is a strong suspicion of stone
disease.’

Although ultrasonography (US) has lower sensitivity
and specificity in diagnosing urolithiasis compared
to CT," it is an alternative imaging modality that
does not expose the patient to ionizing radiation.”* A
previous retrospective study reported that less than 1%
of ED patients with suspected renal colic with a normal
renal sonogram received urologic intervention (e.g.,
extracorporeal shock wave lithotripsy [ESWL], uret-
eral stent insertion, stone extraction) within 90 days of
the initial presentation.* However, that study had
some inherent limitations due to its retrospective
nature, including potential patient selection and
spectrum bias.

While acknowledging its superior diagnostic accu-
racy, there is increasing concern about cumulative
radiation exposure from imaging with CT," particu-
larly since patients with renal colic are often young and
undergo multiple diagnostic imaging tests over their
lifetime.” In 2007, the American College of Radiology
stated that the increased use of CT may result in a
higher incidence of radiation-related cancers and that
physicians should consider radiation exposure when
selecting imaging tests for patients.'® Berrington de
Gonzalez and colleagues estimated that 14,000 future
cancers per year may be attributed to abdominal and
pelvic CT scans in the United States."”

The objective of this study was to prospectively
determine if a normal renal sonogram could predict a
low likelihood of urologic intervention within 90 days
of the initial ED visit in patients with suspected renal
colic.
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METHODS
Study setting and population

This was a prospective cohort study over a 20-month
period (October 2010 to June 2012) at an academic
tertiary care centre consisting of two EDs with a
combined annual census of 140,000 visits. Our centre
is the major regional referral centre for urologic
intervention within southwestern Ontario, with a
catchment area of over 3 million patients. The study
protocol was approved by the Health Sciences
Research Ethics Board at The University of Western
Ontario in London, Ontario.

All adult patients (= 18 years) who presented to the
ED with suspected renal colic were eligible for
enrolment. Triage nurses screened all patients with
chief complaints of abdominal pain, flank pain, or
hematuria to determine if they were eligible for study
enrolment. Attending physicians were also able to
screen patients if they were missed at triage.
Eligibility was confirmed by the attending physician,
who also obtained informed written consent. Study
enrolment did not alter the ED management of
patients. T'o provide context and describe how US is
used at our institution, characteristics and outcomes
were collected for all patients with suspected renal
colic, irrespective of the diagnostic imaging tests
performed.

US was available from 8:00 am to 4:00 pm daily. At
our institution, there is a specific renal US protocol in
the diagnostic imaging department that consists of
views of the kidneys, ureters, and bladder, as well as
evaluation of ureteric jets and postvoid residual. Based
on the attending physician’s differential diagnosis,
imaging of other intra-abdominal or pelvic structures,
such as the aorta, ovaries, or biliary tree, may have
been included. Patients who had a sonogram ordered
after 4:00 pm returned the following day to receive
their imaging test. US scans were performed by
trained ultrasonographers and interpreted by staff
radiologists.
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Measurements and outcomes

The results of renal imaging (US and CT) were
divided into four mutually exclusive categories that
were defined a priori as normal, ureteric stone seen,
suggestive of ureterolithiasis, and other disease unre-
lated to urolithiasis. The “suggestive of ureterolithia-
sis” category included results where a stone was not
seen in the ureter but hydronephrosis, perinephric
fluid or periureteral stranding, intrarenal stones, or an
abnormal or absent ureteric jet was present.

The primary outcome was the occurrence of
urologic intervention, defined as ESWL, ureteral stent
insertion, or ureteric stone extraction, within 90 days
of the initial ED presentation. Secondary outcomes
included admission to hospital from the ED, un-
planned return visits for the same chief complaint,
outpatient urology follow-up, missed days of school or
work, and duration of analgesia use.

Trained research personnel extracted demographic
and clinical parameters from paper and electronic
charts using a standardized data collection tool.
Patients were contacted by telephone 48 to 72 hours
and 10 to 14 days after their initial ED visit to collect
information on secondary outcomes. If patients were
unable to be contacted by telephone, questionnaires
were mailed. A 90-day electronic chart review was
also conducted by research assistants to determine if
patients had repeat ED visits, outpatient urology visits,
or urologic intervention.

Screened for eligibility
by triage nurses

N =768

Excluded

n=158
4 RC not suspected by physician (n = 146)
Declined to participate (n= 11}

Did not speak English (n=1)

Patients enrolled
n=4610
|
1 1
Patient with imaging Patient without imaging
(n=471) (n=139)

Figure 1. Flow diagram of included patients. RC = renal
colic.
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Data analysis

Data were entered directly into a study-specific
Microsoft Excel database (Microsoft Corporation,
Redmond, WA). Descriptive statistics were summar-
ized using means and standard deviations or propor-
tional differences with 95% confidence intervals where
appropriate. Statistical analysis was conducted using
Stata 13.0 (StataCorp LP, College Station, TX).
Categorical outcomes were compared using a chi-
square test, and continuous data were compared using
an independent samples #-test.

RESULTS

Over the 20-month period, triage nurses screened 768
patients for eligibility. A total of 158 patients were
excluded from the study, leaving 610 patients in the
final analysis (Figure 1). Patient characteristics are
summarized in Table 1.

There were 1,236 ED visits with a final diagnosis of
urolithiasis over the study period. Of the 610 patients
enrolled in the study, 471 (77.2%) had some form of
diagnostic imaging completed in the ED (Figure 2). Of
those, 223 (47.3%) had a ureteric stone visualized and
84 (13.8%) patients underwent urologic intervention
within 90 days of their initial ED visit.

A total of 341 (55.9%) patients had US as the initial
imaging modality for suspected renal colic. Of those,
263 (77.1%) had US alone, 63 (18.5%) had US and
kidney-ureter—bladder (KUB) radiography, and 15
(4.4%) had subsequent imaging with CT. Six patients
had a stone seen on CT that was not visualized on US.
The mean (SD) stone size was 3.5 (= 1.3) mm. Among
those 341 patients who had US, 105 (30.8%) were
classified as normal; none (0%; 95% CI 0.0-3.5) of
these patients received urologic intervention within 90
days of the initial ED visit. Ninety (26.4%) results were
classified as suggestive, and nine (10%; 95% CI 5.3-
17.9) of these patients received urologic intervention.
A total of 139 (40.8%) results were classified as
visualized ureteric stone, and 34 (24.5%; 95% CI
18.1-32.2) of these patients had urologic interven-
tion. Seven (2.1%) results were classified as disease
unrelated to urolithiasis; none (0%; 95% CI 0.0- 3.5)
of these patients received urologic intervention
(Table 2). The final diagnoses for these patients are
listed in Table 3. The rate of urologic intervention in
those with a normal sonogram (0 of 105; 0%) was
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Table 1. Patient demographics and characteristics

Characteristic N =610
Male, n (%) 370 (60.7)
Mean (SD) age (yr) 45.4 (14.4)
Previous history, n (%)
Renal colic 264 (43.3)
Urologic intervention for ureterolithiasis 59 (9.7)
Hypertension 120 (19.7)
Diabetes mellitus 7 (6.7)
Median (IQR) pain score at triage 9 (7-10)
Microscopic hematuria on urinalysis, n (%) 479 (78.5)
Median (IQR) creatinine (umol/L) 78 (65-95)
CTAS, n (%)
2 263 (43.1)
3 300 (49.2)
4 4 (7.2)
5 3 (0.5)
Admitted from ED, n (%) 17 (2.9)

CTAS = Canadian Triage and Acuity Scale; ED = emergency department; IQR =
interquartile range.

significantly lower (p < 0.001) than in those with
abnormal results on a sonogram (43 of 236; 31.6%).
A total of 105 patients had CT as the initial imaging
modality. Of those, 70 patients had CT alone, with the
remainder having additional imaging. Patients who had
CT were more likely to be male, be older, have a
history of hypertension and diabetes, and have a higher
serum creatinine level than those who had US as the
initial imaging modality. There was no difference with
respect to previous history of renal colic, previous

US+KUB+CT

1.0

KUB +CT 2.3

UsS+CT 2.5
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Us + KUB
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urologic intervention, acuity score at triage, vital signs,
hematuria, pain score at triage, or proportion of
patients admitted to hospital (Table 4).

Among the 105 patients who had CT, 15 (14.3%)
were classified as normal, and none (0%; 95% CI 0.0-
0.2%) received urologic intervention within 90 days
of the initial ED visit. Ten (9.5%) CT results were
classified as suggestive, and none (0%; 95% CI 0.0-
0.3) of these patients had urologic intervention.
Seventy (66.7%) results were classified as visualized
ureteric stone, and 25 (35.7%; 95% CI 25.5-47.4)
patients underwent urologic intervention. Ten (9.5%)
results were classified as disease unrelated to urolithia-
sis, and none (0%; 95% CI 0.0-0.3) received urologic
intervention (see Table 2). The final diagnoses for the
10 patients who were found to have disease unrelated
to urolithiasis are presented in Table 3.

A total of 139 (22.8%) patients did not have any
imaging for suspected renal colic. Of those, 15 (10.8%;
95% CI 6.7-17.0) had a urologic intervention within
90 days of their initial ED visit, 12 of whom had a
known previous history of urolithiasis and 2 others
who had recent renal imaging prior to their ED visit.

Of the 610 patients enrolled in the study, 575
(94.3%) were contacted at 48 to 72 hours and 10 to 14
days after their ED visit to determine analgesic use,
missed days of school or work, and repeat visits to a
health care provider. Fifteen (2.6%) patients were
admitted. A total of 150 (26.1%) patients reported
passing a stone within 72 hours, and 58 (10.1%)

Figure 2. Diagnostic imaging tests
performed in the emergency
department for suspected renal
colic. CT = computed tomography;
KUB = kidney-ureter-bladder radio-
graphy; US = ultrasonography.
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Table 2. Results of imaging performed in the ED for suspected renal colic and subsequent rates of urologic intervention within 90

days of initial ED visit

US urologic
us intervention CT CT urologic intervention

Examination findings n (%) n (%) n (%) n (%)

Normal 105 (30.8) 0 (0) 15 (14.3) 0 (0)

Ureteric stone 139 (40.8) 34 (24.5) 70 (66.7) 25 (36.8)
Suggestive 90 (26.4) 9 (10.0) 10 (9.5) 0(0)

Other disease 7 (2.1) 0 (0) 10 (9.5) 0 (0)

Total 341 (55.9) 43 (12.6) 105 (17.2) 25 (23.8)

CT = computed tomography; ED = emergency department; US = ultrasonography.

additional patients reported passing a stone within 14
days. A total of 439 (76.3 %) patients required analgesia
for a median (interquartile range [IQR]) duration of 4
(2-7) days, with 131 (29.8%) still requiring analgesia at
10 to 14 days. A total of 275 (47.8%) patients missed
school or work for a mean (IQR) duration of 2 (1-4)
days. A total of 270 (47.0%) patients reported seeing
another physician within 10 to 14 days (Table 5).

DISCUSSION

The results of this study confirm that a normal renal
sonogram predicts a low risk of urologic intervention
for ED patients with suspected renal colic within
90 days of their initial presentation. Kobayashi and
colleagues reported that 6 of 238 (2.5%) patients who
had negative or equivocal results on the initial x-ray or

Table 3. Final diagnosis for 17 patients who underwent US or
CT imaging with diseases unrelated to urolithiasis

Diagnosis Number of patients

Imaging: US
Neoplastic disease
Medullary sponge kidney
Pelvic cysts
Cholelithiasis and UTI
Ureterocele and pyelonephritis
Appendicitis
Pregnancy

Imaging: CT
Neoplastic disease
Diverticular disease
Pyelonephritis
Ovarian cyst
Parapelvic cysts and diverticulosis

G O G Y

- = N W W

CT = computed tomography; US = ultrasonography; UTI = urinary tract infection.

42 2015;17(1)

https://doi.org/10.2310/8000.2013.131333 Published online by Cambridge University Press

sonogram received urologic intervention within 30
days.”® Recently, Edmonds and colleagues reported
findings from a retrospective medical record review for
all adult patients who had ED-ordered renal US for
suspected renal colic over a I-year period."* The
authors concluded that a normal renal sonogram
predicted a low likelihood (< 1%) of urologic
intervention within 90 days. However, patients who
underwent primary CT or those who did not have
any imaging were not captured. It is possible that
physicians have preferentially selected CT for patients
thought to be at higher risk for complicated stone
disease or other significant pathology. Physicians may
have chosen to forego all imaging for patients with
suspected renal colic if they had a typical presentation
with no concerning features, such as fever or solitary
kidney, as suggested by Lindqvist and colleagues.” To
address these concerns, the present study attempted to
enrol patients with any presenting complaint that
could be related to urolithiasis.

Urolithiasis is generally a benign disease with few
complications."” Despite being a non-life-threatening
illness, the burden of disease of renal colic is
significant. The adverse outcomes affect patients and
the health care system beyond what may be seen with
an isolated ED visit. Patients with renal colic are likely
to undergo multiple imaging investigations over their
lifetime, including CT." There is increasing concern
about cumulative radiation exposure from CT imag-
ing, particularly since previous studies have suggested
that this may increase the long-term risk of developing
cancer.'>'

A recent study reported that emergency physicians
consider the likelihood of other significant intra-
abdominal pathology when selecting the primary
imaging modality for suspected renal colic.?® Although
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Table 4. Characteristics of patients receiving US alone versus CT alone as first-line imaging modality for suspected urolithiasis

US alone CT alone
Characteristic n= 263 n=70 A 95% ClI
Male 141 (53.6%) 51 (72.9%) 19.3 (6.4, 30.1)
Mean (SD) age (yr) 43.7 (14.2) 61.5(12.4) 17.8 (14.2, 21.5)
Previous history
Renal colic 91 (34.6%) 21 (30.0%) 4.6 (—8.2, 15.8)
Urologic intervention for ureterolithiasis 16 (6.1%) 3 (4.3%) 1.8 (—6.1, 6.4)
Hypertension 40 (15.2%) 26 (37.1%) 21.9 (10.5, 34.3)
Diabetes mellitus 17 (6.5%) 10 (14.3%) 7.8 (0.5, 18.1)
Febrile at triage (temperature = 38.0°C [100.4°F]) 0 0
Tachycardic (heart rate > 100 bpm) 28 (10.6%) 7 (10.0%) 0.6 (—9.1, 7.3)
Median (IQR) pain score at triage 8 (7-10) 8 (8-10) 0(-0.7,0.7)
Microscopic hematuria on urinalysis 212 (80.6%) 52 (74.3%) 6.3 (—3.9, 18.4)
Median (IQR) creatinine (umol/L) 75 (63-92) 89 (72-105) 14 (5.2, 22.8)
CTAS
2 104 (39.5%) 26 (37.1%) 2.4 (=10.6, 14.4)
3 132 (50.2%) 42 (60.0%) 9.8 (3.3, 22.0)
4 26 (9.9%) 2 (2.9%) 7.0 (=0.5, 11.7)
5 1(0.4%) 0 0.4 (-4.8,2.1)

CT = computed tomography; CTAS = Canadian Triage and Acuity Scale; IQR = interquartile range; US = ultrasonography.

CT is the preferred imaging modality for diagnosing
some common pathologies (e.g., diverticular disease,
bowel obstruction), US is the preferred choice for
others (e.g., ovarian or other gynecologic pathology,
biliary tract disease).”' The results of this study suggest
that US can be used as an initial screening tool for most
patients with suspected urolithiasis. Initial imaging with
CT may be warranted if there is sufficient clinical
suspicion of certain other disease processes.

Some believe that significant pathology may be
missed when US is selected as the initial diagnostic

Table 5. Patients (N = 270) who reported seeing another
physician within 10-14 days after their initial ED visit

Physician type n (%)
Family physician or walk-in clinic 141 (52.2)
Urologist 77 (28.5)
Another emergency physician 22 (8.1)
Family physician or walk-in clinic and urologist 5(1.9)
Family physician or walk-in clinic and another 7 (2.6)

emergency physician
Urologist and another emergency physician 8 (3.0)

Family physician or walk-in clinic and another 1(0.4)
emergency physician and urologist
Other physician 9 (3.3)

ED = emergency department.

CJEM « JCMU

https://doi.org/10.2310/8000.2013.131333 Published online by Cambridge University Press

imaging modality. In this study, two patients had a
normal sonogram (no hydronephrosis, perinephric
fluid, or bilateral urinary jets seen) and a stone
identified on a CT scan. Both stones were small
(< 5 mm) and did not require urologic intervention
within 90 days. One patient had a rectal mass visualized
on US that was subsequently confirmed by CT. There
were no significant intra-abdominal pathologies missed
on US that were detected during the 90-day follow-up
period.

When a stone cannot be visualized with US, other
findings suggestive of obstruction, such as hydrone-
phrosis, abnormal ureteric jets, or perinephric fluid,
can aid in establishing the diagnosis.'** In this study,
10% of patients who had US findings suggestive of
ureterolithiasis received urologic intervention within
90 days. This is similar to the intervention rate (6.8%)
reported by Edmonds and colleagues for patients with
suggestive findings on renal US.* However, the
urologic intervention rate for patients where a stone
was visualized on US was much higher in the present
study (24.5% v. 6.2%). This suggests a change in
institutional management of ureteric stones given that
patient demographics, stone size, and location were
similar in both studies and both were done at the same
centre.
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Uncertainty remains with respect to the appropriate
management of patients who have US findings
suggestive of obstruction but have no stone visualized.
In the present study, 12 of 90 (13.3%) patients with a
suggestive sonogram went on to have CT, and 2
(2.2%) ultimately had urologic intervention within 90
days of the initial presentation. Future studies should
focus on the appropriate clinical pathway for these
patients, specifically if they should have expedited CT
or prompt urologic follow-up.

LIMITATIONS

This study was conducted at a single centre consisting
of two tertiary care EDs, and the results may not be
generalizable to other settings where US for the
diagnosis of ureterolithiasis is not routinely used.
Some of the patients enrolled may have sought
urologic consultation outside our centre’s catchment
area. However, our institution is the major regional
referral centre within southwestern Ontario for urolo-
gic intervention, resulting in a relatively closed medical
system.

Because US is operator dependent, its diagnostic
accuracy varies between institutions. In this study, US
was performed by trained ultrasonographers and
interpreted by staff radiologists. Therefore, caution
should be exercised regarding extrapolation of the
results of this study to bedside (point-of-care) ED US.
Furthermore, the threshold for urologic consultation
from the ED and surgical intervention rates for renal
colic may vary from centre to centre depending on
the region or country. The decision of whether and
when to perform intervention for ureterolithiasis may
depend in part on the urologist, and the specific
clinical indication for intervening was not captured as
part of this study.

In the present study, the final diagnosis of ureter-
olithiasis was based on a clinical decision made by the
emergency physician and not necessarily confirmed by
imaging. It is possible that some patients with this final
diagnosis did not have stones at all, contributing to
some extent to the low rate of intervention. When
imaging results were normal, patients may have had
undetected small stones (i.e., not visualized) and passed
without intervention or complication.

Selection bias may have been a factor in this study.
In our study, more complex patients (older, diabetic,
abnormal renal function) were more likely to be imaged
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with CT. Eligibility for enrolment was based on a
clinical suspicion of renal colic at triage. Although triage
nurses and physicians were asked to consider all-comers
with any presenting complaint that could be related to
urolithiasis, the majority of patients enrolled likely had a
classic presentation. Patients with atypical signs and
symptoms may not have been enrolled. Caution should
be used if the results from this study are extrapolated to
a broader population of patients with more atypical
symptoms. However, given that this was a prospective,
pragmatic study, we do not believe that the external
validity of our conclusion is compromised.

CONCLUSIONS

Although US has less diagnostic accuracy compared to
CT, patients with a clinical diagnosis of renal colic and
a normal renal sonogram are unlikely to require
urologic intervention within 90 days of their initial
ED visit and can confidently be managed conserva-
tively with appropriate analgesia and clinical follow-up.
In combination with clinical assessment, a renal US
protocol can accurately identify this low-risk group,
decreasing the number of CT scans and associated
ionizing radiation in patients with suspected renal
colic.

Competing interests: None declared.
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