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Abstract
Introduction: Our objective was to determine whether unilateral 
calculus-induced ureteric obstruction on computed tomography 
(CT) was independently associated with the need for urological 
intervention and 30-day return to the emergency department (ED).
Methods: We performed a retrospective cohort study of patients 
with symptomatic urinary calculi diagnosed by unenhanced heli-
cal CT. Stepwise regression analysis was used to determine the 
predictors of urological intervention and 30-day return to the ED. 
Potential predictors assessed included: patient demographics, 
calculus size, calculus location, degree of obstruction, analgesic 
doses, signs and symptoms of infection, serum creatinine, cumula-
tive intravenous fluid administered, and the prescription of medical 
expulsive therapy. 
Results: Of 195 patients, 81 (41.5%) underwent urological inter-
vention. The size of the calculus, its location, and the cumula-
tive opioid dose were all independent predictors for urological 
intervention. Every 1 mm increase in calculus size increased the 
likelihood of intervention 2.2 times (odds ratio [OR] 2.17; 95% 
confidence interval [CI] 1.67‒2.85). Proximal stones were 4.7 times 
more likely to require intervention than distal calculi (OR 0.21; 
95% CI 0.09‒0.49). Every 10 mg increase in morphine was asso-
ciated with a 30% increase in the odds of intervention (OR 1.30; 
95% CI 1.07‒1.58). Degree of obstruction was not associated with 
the need for urological intervention. Finally, none of the variables 
were predictors for 30-day return to the ED. 
Conclusions: Although stone size, proximal location, and severe 
pain, as indicated by higher opioid doses, were associated with 
the need for intervention, the degree of obstruction did not influ-
ence the management of patients with CT-defined urinary calculi. 

Introduction

Renal colic secondary to urinary calculi is a common presenta-
tion to the emergency department (ED), with increasing preva-
lence in the developed world.1,2 Calculi can be managed either 
conservatively through a trial of stone passage, or by active uro-
logical intervention, such as with shockwave lithotripsy (SWL), 
ureteroscopy (URS), percutaneous nephrolithotomy (PCNL), or 
decompression by means of ureteric stenting or nephrostomy 
tube placement. Although there are relatively clear guidelines 
for the treatment of urinary calculi on the basis of stone size, it is 
unclear if other criteria, such as the presence of ureteric obstruc-
tion, qualify for more active intervention.2,3 Knowledge of the 
predictors for intervention in urinary calculi may further guide 
the timing and nature of urological management, ED patient 
disposition, allow for a more efficient allocation of healthcare 
resources, and reduce patient discomfort. 

Upper urinary tract obstruction (UTO) secondary to urinary 
calculi is often cited as a consideration in the management of 
ureteral calculi by both ED physicians and urologists. UTO 
has been associated with kidney parenchymal injury and may 
compromise renal function if there is bilateral obstruction or 
if the contralateral kidney is unable to compensate for the 
obstructed renal unit.4,5 In addition, UTO may increase the risk 
of urosepsis, an indication for urgent decompression.2 Lastly, 
obstructing stones may be associated with a longer duration 
of pain.6 In the absence of absolute indications for acute inter-
vention, such as signs of urinary tract infection (UTI), renal 
failure, or unrelenting pain, there remains uncertainty as to 
whether patients presenting with unilateral obstructing calculi 
can be treated conservatively or warrant more prompt uro-
logical management. Our study aimed to determine whether 
unilateral, obstructing ureteric calculi identified on computed 
tomography (CT) at the time of renal colic presentation in 
the ED, independent of other factors, was associated with an 
increased likelihood of urological intervention.
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Is computed tomography-defined obstruction a predictor of 
urological intervention in emergency department patients presenting 
with renal colic?
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Methods

After approval by our institutional research ethics board, we 
performed a retrospective cohort study of consecutive patients 
who presented to the ED of a Canadian tertiary hospital with 
renal colic between 2011 and 2013. Our cases were restricted 
to patients with a CT-diagnosed unilateral ureteric calculus. 
Subjects with bilateral ureteric stones, a congenital kidney 
malformation (such as horseshoe kidney), prior renal trans-
plantation, or anatomic or radiographically proven functional 
solitary kidney were excluded. Cases in which the patient was 
diagnosed with a concurrent pathology that would account 
for the colic symptoms, such as acute cholelithiasis, were also 
excluded, even if calculi were present on CT. 

CT scans were retrospectively reviewed by a single radi-
ologist who classified the calculus as non-obstructing, par-
tially obstructing, or completely obstructing according to 
pre-determined criteria that included the degree of hydro-
nephrosis, hydroureter, nephromegaly, and perinephric 
stranding present on the CT. In addition, the radiologist 
specified the size of the impacted calculus according to its 
largest diameter and located the stone as being in either the 
proximal, mid, or distal ureter. Proximal stones were located 
between the ureteropelvic junction and proximal end of the 
sacroiliac joint, midureteral stones within the boundaries 
of the sacroiliac joint, and distal calculi between the distal 
end of the sacroiliac joint and the ureterovesical junction.

 An independent urologist reviewed a consecutive selec-
tion of the CTs for the degree of obstruction to provide an 
estimate of interobserver reliability. Both the radiologist and 
urologist were blind to all other patient clinical parameters.

The ED visit at which time the patient underwent the 
CT scan was used as the reference for recording patient 
characteristics, which included: age, gender, serum cre-
atinine, leukocyte count, cumulative intravenous fluid, 
cumulative equianalgesic oral morphine dose, total non-
steroidal anti-inflammatory drug (NSAID) dose (ketorolac), 
fever (temperature above 38oC), as well as treatment with 
medical expulsive therapy and antibiotics. In addition, 
patient comorbidities were quantified with the Charleston 
Comorbidity Index. Concurrent UTI was defined as signs and 
symptoms of infection with a positive urinalysis (presence of 
bacteria, and pyuria- or nitrite-positive) or a positive urine 
culture. Lastly, the number of ED visits both 30 days prior to 
and after the reference ED visit were recorded to assess the 
impact of additional ED visits on proceeding to intervention. 

The primary outcome of our analysis was the need for 
intervention within 30 days of presentation, defined as treat-
ment with SWL, URS, PCNL, open ureterolithotomy, or 
decompression of the urinary system by ureteric stenting or 
nephrostomy tube placement. In situations where a radio-
graphically visualized stone was not identified at the time of 
planned intervention (i.e., interval stone passage), cystoscopy 

and retrograde pyelogram with or without stent placement 
was also considered an intervention. The secondary out-
come was the return to the ED within 30 days. Based on the 
assumption that approximately 50% of renal colic patients 
presenting with a unilateral ureteric calculus demonstrate 
signs of obstruction, a minimum of 150 patients were needed 
in order to determine whether obstruction increased the odds 
of intervention by at least 40% at a power of β=0.8.

Urological intervention was categorized as either acute 
or elective. Acute intervention was defined as within 24 
hours of patient presentation or during the same stay in hos-
pital if admission was required for symptom control while 
awaiting surgery. Patients re-presenting to the ED after initial 

Table 1. Characteristics of patients with CT-diagnosed 
ureteric calculi

Intervention Non-
intervention

Number of subjects (n) 81 114
Age, years (IQR) 51 (39–60.75) 49 (39–59)
Male gender, n (%) 48 (58.5) 64 (56.6)
Stone size, mm (IQR) 6 (4–8) 3 (3–4) 
Stone location, n (%)

Proximal ureter 45 (54.9) 18 (15.9)
Midureter 5 (6.1) 2 (1.8)
Distal ureter 32 (39.0) 93 (82.3)

Charlson Comorbidity Index, 
mean (SD)

0.35 (0.69) 0.41 (0.97)

Febrile, n (%) 0 (0) 0(0)
Bloodwork at presentation

Leukocyte count 9 (7–12) x 109/L 9 (7–11) x 109/L
Serum creatinine, µmol/L 
(IQR)

86 (72–103) 84 (70–96) 

Urine tests at presentation, n (%) 
Negative urinalysis or culture 50 (61.0) 95 (84.1)
Positive urinalysis or culture* 4 (4.9) 3 (2.7)
No urinalysis or culture 
performed 

28 (34.1) 15 (13.1)

IV cystalloid, ml (IQR) 1000 (500–1500) 1000 (500–1000) 
Analgesics (cumulative)

Opioids, mg (IQR)§ 20 (0–43.75) 10 (5–25) 
Ketorolac, mg (IQR) 30 (30–30) 30 (30–30) 

Antibiotics prescribed, n (%) 10 (12.2) 7 (6.2)
MET prescribed (%) 17 (20.7) 26 (23)
ED visits

Within 30 days pre-CT-
diagnosed calculus (IQR)

0 (0–1) 0 (0–0)

Obstruction, n (%)
Non-obstructed 26 (31.7) 41 (36.3)
Partial 17 (20.7) 37 (32.7)
Complete 39 (47.6) 35 (31.0)

*Defined as either presence of bacteria on culture or bacteria with pyuria and/or nitrates on 
urinalysis with signs and symptoms of infection; §opioid values normalized to equianalgesic 
dose of oral morphine. CT: computed tomography; ED: emergency department; IQR: 
interquartile range; MET: medical expulsive therapy; SD: standard deviation.
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discharge requiring operative intervention within 24 hours 
were also categorized as acute. Elective intervention was 
defined as surgery carried out on a non-urgent basis greater 
than 24 hours after discharge from the ED. 

A stepwise logistic regression analysis was used to iden-
tify independent predictors for the primary and secondary 
outcomes. Potential predictors were identified by signifi-
cance on univariate analysis, and using the Aikake and 
Bayesian Information Criterion. Potential interaction terms 
were evaluated. The predictive accuracy of the final model 
was measured with the concordance statistic (c-statistic).7

Results
Table 1 summarizes the characteristics of patients diagnosed 
on CT with a ureteric calculus managed with or without 
active urological intervention. Of the 195 cases that were 
included in our study, 81 (41.5%) underwent urological 
intervention, while 114 (58.5%) received medical man-
agement only (Fig. 1). Patients who underwent urological 
intervention were first treated acutely in 51% of cases or 
electively in 49%. Table 2 summarizes the type of primary 
intervention required, as well as any subsequent therapies 
for the target stone of interest. Of patients requiring interven-
tion, 68.3% had obstructing calculi on CT (47.6% complete, 
20.7% partial obstruction). Of patients not requiring inter-
vention, 63.7% were obstructed (31.0% complete, 32.7% 
partial obstruction). 

The results from the initial univariate analysis are pre-
sented in Table 3, while the predictors from the final mul-
tivariate model are presented in Table 4. The size of the 
calculus and its location were both independent predictors 
for urological intervention. Every 1 mm increase in the size 
of the calculus increased the likelihood of intervention 2.2 
times (odds ratio [OR] 2.18; 95% confidence interval [CI] 
1.67‒2.85). With stone size as a continuous variable, the 
OR for predicting urological intervention is plotted in Fig. 
2. The stone size over which the OR exceeds unity is 4.5 
mm. Discrete stone sizes of 5, 6, 7, and 8 mm result in ORs 
for intervention of 1.49, 3.24, 7.05, and 15.35, respectively.

In addition, proximal stones were 4.7 times more likely 
to require intervention than distal calculi (OR 0.21; 95% CI 
0.09‒0.49). Finally, every 10 mg increase in morphine was asso-
ciated with a 30% increase in the odds of intervention (OR 1.30; 
95% CI 1.07‒1.58). There were no significant differences in 
timing (acute vs. elective) or type of initial intervention (Table 2) 
between obstructing or non-obstructing calculi (data not shown).

The final multivariate model (Table 4) was strongly pre-
dictive of urological intervention, as indicated by a c-statistic 
of 0.886. The degree of obstruction was not an independent 
predictor of intervention (Table 3). None of the variables 
examined from Table 1 were predictors for 30-day return 
to the ED with renal colic. 

Lastly, the agreement rate between radiologist and urolo-
gist when assessing degree of obstruction on CT was 79.3%, 
with a kappa value of 0.574 (standard error [SE] 0.155) 
indicating moderate agreement.

Discussion
Current literature is inconclusive with respect to the asso-
ciation between obstructing ureteric stones and intervention. 
However, the presence or absence of obstruction is often a 
consideration when ED physicians and urologists formulate 
management plans for renal colic patients. Several studies have 
compared the secondary signs of obstruction on CT of patients 
who required intervention with those that passed stones spon-
taneously. Takahashi et al found that perinephric stranding and 
perinephric edema were greater in the group that experienced 

Patients presenting with 
symptomatic CT-diagnosed 

calculus (n=231)

 Exclusions (n=36)

Calculus not in ureter (n=25)
Bilateral ureteric stones (n=3)
Congenital kidney abnormality (n=3)
Atrophic kidney (n=1)
Prior nephrectomy (n=3)
Incomplete data (n=1)

Patients included in 
data analysis (n=195)

Patients 
not requiring 

intervention (n=114)

Patients 
requiring urological 
intervention (n=81)

Fig.1. Patient inclusion and exclusion process.

Table 2. Type of primary and subsequent interventions for 
target ureteric calculi

Primary intervention
Number of 
patients, 
n=81 (%)

Subsequent elective therapies 
after primary intervention*

SWL URS SWL & 
URS

Ureteric stent, n (%) 20 (25) 15 (75) 15 (75) 10 (50)
SWL, n (%) 13 (16) 5 (38) 3 (23) 2 (15)
URS, m (%) 44 (54) 7 (16) 7 (16) 2 (5)
Cystoscopy 
and retrograde 
pyelogram, n (%)

4 (5) 0 (0) 0 (0) 0 (0)

*Some patients underwent multiple subsequent elective therapies after primary 
intervention. SWL: shockwave lithotripsy; URS: ureteroscopy.
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spontaneous stone passage;8 however, this association was not 
found by other studies.9,10 Moreover, their study did not exam-
ine the signs of obstruction independent from other relevant 
factors, such as calculus size. Studies that used a multivariate 
analysis of potential predictors of obstruction noted an associa-
tion between spontaneous stone passage and degree of hydro-
nephrosis, although this association was not present for other 
secondary signs of obstruction.11-13 Therefore, few studies have 
examined the impact of calculus-induced UTO independent 
from individual secondary CT signs in a manner clinically rel-
evant to urologists and emergency physicians. 

Consistent with current literature, we found that large 
calculi, severe pain (as measured by the cumulative opi-
oid dose), and proximally impacted stones were associated 
with an increased likelihood for urological intervention.14

However, most importantly, we found that obstruction was 
not an independent criterion for intervention, which is incon-
sistent with previous studies reporting an association between 
intervention and degree of hydronephrosis.11-13 Taylor et al, 
for example, recently reported a + likelihood ratio (LR) of 
1.45 for mild hydronephrosis and 3.05 for moderate to severe 
hydronephrosis.13 One explanation for this apparent incon-
sistency is that since hydronephrosis may not be present if 
obstruction is detected early, it may be an indicator of a more 
severely decompensated collecting system.4 Moreover, severe 
hydronephrosis may favour initial decompression, which 
accounted for less than a quarter of all interventions within 
our population. Lastly, the presentation of LRs, unlike logistic 
regression as used in our study, does not account for potential 
confounders and assumes a normal distribution of the data. 

Although obstruction was not a predictor for intervention, 
we had hypothesized that obstruction, in addition to signs of 
infection or renal failure, would be associated with interven-
tion. That these interaction effects were not significant in our 
final model can be attributed to the fact that serum creatinine is 
not a sensitive indicator of kidney function within the affected 
kidney due to compensation by the unaffected kidney. With 
respect to infection, our study was not powered to detect an 
association: of the four cases with a positive urinalysis, three 
were fully obstructed and sent for immediate intervention. 
None of the cases met our criteria for fever. 

There are a number of factors that could account for the 
fact that obstruction was not a significant predictor of inter-
vention. First, our study may have overestimated the rate 
of obstruction in patients presenting with renal colic or the 
effect size of obstructed calculi on urological intervention. 
However, even if our analysis was underpowered, we can still 
infer that, within our study population, the degree of obstruc-
tion had a much lower effect size on intervention when com-
pared to calculus size, location, and degree of pain.

Second, the decision to intervene in a urinary calculus 
may be influenced by many factors, including the objective 
characteristics of the patient, the preferences and clinical 

judgment of the individual urologist, institutional norms, 
and professionally specified treatment protocols. As there 
are no absolute indications for the acute treatment of unilat-
eral obstructing stones in the absence of UTI, renal failure, 
or intractable pain, individual preference and institutional 
norms may have played a significant role in the eventual 
decision to intervene in the treatment of the urinary calculi. 

Third, given that the degree of obstruction was deter-
mined by a single radiologist in our study, the determination 
of obstruction may have been subject to bias. Our study 
design required the subjective identification of the secondary 
signs of obstruction, including hydronephrosis, perinephric 
stranding, and nephromegaly, followed by the subjective 
determination of the stone as being either obstructed, par-
tially obstructed, or non-obstructed. Although this process 
mimics the clinical setting, it is susceptible to bias. In a selec-
tion of cases in which an independent urologist reviewed 
the results, the agreement rate was 79.3%, with a kappa 
of 0.574, which indicates moderate agreement. This level 
of agreement is consistent with previously reported kappa 

Table 3. Univariate analysis of potential predictors for 
urological intervention

OR 95% CI p
Age 1.004 0.985–1.023 0.693
Antibiotics 2.103 0.765–5.781 0.150
Charleston Comorbidity Index 0.929 0.662–1.303 0.669
Creatinine 1.009 1.001–1.018 0.028
Gender: male vs. female 1.081 0.608–1.922 0.791
30 day pre-CT ED visits 2.306 1.209–4.398 0.011
Intravenous fluid 1.000 1.000–1.001 0.251
Location: mid vs. proximal 1.000 0.178–5.632 1.000
Location: distal vs. proximal 0.138 0.070–0.271 <0.001
MET vs. no MET 0.875 0.439–1.746 0.705
NSAID (ketorolac) 0.992 0.975–1.009 0.338
Partial obstruction vs. no 
obstruction

0.725 0.340–1.543 0.403

Complete obstruction vs. no 
obstruction

1.757 0.899–3.436 0.100

Opioids 1.016 1.002–1.030 0.024
Size 2.268 1.769–2.910 <0.001
Urinalysis: positive vs. negative 2.533 0.545–11.765 0.235
Leukocyte count 1.056 0.990–1.125 0.098

CI: confidence interval; CT: computed tomography; ED: emergency department; MET: 
medical expulsive therapy; NSAID: non-steroidal anti-inflammatory drug; OR: odds ratio.

Table 4. Final multivariate model for predictors of 
urological intervention

OR 95% CI p
Stone location: distal vs. proximal 0.212 0.092–0.489 <0.001
Stone size (per mm increase) 2.178 1.666–2.846 <0.001
Opioids 1 mg§ 1.027 1.007–1.047 <0.001
Opioids 10 mg§ 1.301 1.074–1.576 <0.001

§Interval opioid values normalized to equianalgesic dose of oral morphine. CI: confidence 
interval; OR: odds ratio.
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values between urologists and radiologists when assessing 
the degree of obstruction of urinary calculi from CT.15

Lastly, certain populations may have been systematically 
excluded from our study by our decision to include only 
patients with CT-defined calculi. Recent studies have shifted 
practice away from the use of CT in the diagnosis of uroli-
thiasis.16 Moreover, our institution has an established cul-
ture of point-of-care ultrasound use in the ED, thus patients 
with a high clinical suspicion of calculi or with significant 
hydronephrosis may have been excluded from our study. 
Nevertheless, urological intervention at our centre is rarely 
pursued in the absence of CT-diagnosed urolithiasis. 

Conclusion
Ureteric obstruction was not an independent predictor for 
invention in patients presenting to the ED with unilateral 
renal colic. Larger, proximally impacted calculi, and those 
associated with severe pain were more likely to require 
urological intervention. Every 1 mm increase in stone size 
increased the odds of operative intervention by 2.2, while 
proximal stones were 4.7 times more likely to require inter-
vention than distal calculi. Further, unilateral UTO does not 
predict that a renal colic patient is more likely to present 
to the ED within 30 days of their original diagnosis. Taken 
together, it is unlikely that the presence of unilateral UTO 
has an effect on the spontaneous passage of urinary calculi 
and, therefore, UTO should not alter the acute management 
of the renal colic patient in the absence of absolute indica-
tors for intervention, such as renal failure, unrelenting pain, 
or UTI. These findings are of practical clinical importance 

to both ED physicians and urologists who rely, in part, on 
CT findings to diagnose and guide the treatment of renal 
colic patients. 
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Fig. 2. Logistic regression model for calculus size. The dashed line represents 
the 4.5 mm stone size cut-point (OR >1) above which operative intervention is 
increasingly predicted. OR: odds ratio.


