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Introduction: Supporting an “ultrasound-first” approach to evaluating renal colic in the emergency 
department (ED) remains important for improving patient care and decreasing healthcare costs. 
Our primary objective was to compare emergency physician (EP) ultrasound to computed 
tomography (CT) detection of hydronephrosis severity in patients with suspected renal colic. We 
calculated test characteristics of hydronephrosis on EP-performed ultrasound for detecting ureteral 
stones or ureteral stone size >5mm. We then analyzed the association of hydronephrosis on EP-
performed ultrasound, stone size >5mm, and proximal stone location with 30-day events.

Methods: This was a prospective observational study of ED patients with suspected renal 
colic undergoing CT. Subjects had an EP-performed ultrasound evaluating for the severity of 
hydronephrosis. A chart review and follow-up phone call was performed.

Results: We enrolled 302 subjects who had an EP-performed ultrasound. CT and EP 
ultrasound results were comparable in detecting severity of hydronephrosis (x2=51.7, p<0.001). 
Hydronephrosis on EP- performed ultrasound was predictive of a ureteral stone on CT (PPV 88%; 
LR+ 2.91), but lack of hydronephrosis did not rule it out (NPV 65%). Lack of hydronephrosis on 
EP-performed ultrasound makes larger stone size >5mm less likely (NPV 89%; LR-0.39). Larger 
stone size > 5mm was associated with 30-day events (OR 2.30, p=0.03).

Conclusion: Using an ultrasound-first approach to detect hydronephrosis may help physicians 
identify patients with renal colic. The lack of hydronephrosis on ultrasound makes the presence of 
a larger ureteral stone less likely. Stone size >5mm may be a useful predictor of 30-day events.
[West J Emerg Med. 2017;18(4)559-568.] 

INTRODUCTION
Renal colic is a common emergency department (ED) 

presentation and places a significant burden on the healthcare 
system, with an estimated prevalence affecting 1 in 11 people.1 
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Computed tomography (CT) is considered the imaging gold 
standard for the diagnosis of renal colic.2-4 CT has sensitivities 
of 91-97% and specificities of 91-100% for detecting ureteral 
stones and also provides information on stone size and 
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Population Health Research Capsule

What do we already know about this issue?
Renal colic will affect 1 in 11 people and 50% have 
a recurrence. CT scan is the imaging choice for 
urologic management of renal colic but multiple CT 
scans can be costly and have health risks.

What was the research question?
Can EP ultrasound detect the degree of 
hydronephrosis as compared to CT scan? Does 
hydronephrosis diagnose a ureteral stone or 
predict renal colic outcomes?

What was the major finding of the study?
EP Ultrasound can diagnose the degree of 
hydronephrosis as compared to CT. Larger ureteral 
stones are less likely present when there is no 
hydronephrosis. Larger ureteral stone may predict 
important renal colic outcomes.

How does this improve population health?
Using an EP ultrasound first approach is 
reasonable and may help avoid the need for a 
CT scan in renal colic patients on the day of 
their ED visit.

location, which can be helpful for predicting successful medical 
expulsion therapy versus the need for urologic intervention.3,5-9 
There are multiple reasons to choose CT imaging selectively in 
this patient population, most notably to rule out other serious 
disease such as aortic dissection and other surgical emergencies. 
However, as many as 50% of patients diagnosed with renal 
colic will have recurrent episodes and may receive multiple CTs 
throughout their lifetime, adding to costs, increased length of 
stay, and radiation exposure.10-13 There are currently no validated 
practice guidelines for the diagnosis and ED management of renal 
colic; thus, the need for a multidisciplinary approach to managing 
this disease is clear.12,14-17.The role of emergency physician- 
(EP) performed ultrasound (US) in the management of patients 
with renal colic has recently gained more attention, but its 
incorporation into an accepted algorithm remains debatable.18-21 

US has the advantage of using no radiation, and research 
continues to support its role in the diagnosis and management of 
renal colic in the ED.22 The low sensitivity of US for identifying 
stone size and stone location may limit its usefulness in 
predicting the clinical course or follow-up planning for patients 
with renal colic.23 However, hydronephrosis is easily detected 
by US and its presence or absence may provide physicians with 
useful information to assist in renal colic management. US has 
been shown to have sensitivities ranging from 72-87% and 
specificities between 73-83% in the detection of hydronephrosis 
when compared to CT.24-26 Hydronephrosis is a secondary 
sign of ureteral calculi and is a dilation of the renal pelvis and 
calyces (Figures 1a, 1b, 1c). 

Hydronephrosis can be identified by EPs with various levels 
of US experience, with a moderate degree of hydronephrosis 
yielding a higher specificity.27 The clinical significance of 
hydronephrosis is still unclear, although some have suggested 
that hydronephrosis may be a predictor of stone size and the 
need for urologic intervention or hospitalization.17,28-32 If EPs are 
to implement an “ultrasound-first” approach, it is important to 
know the test characteristics of hydronephrosis detected by EP-
performed US for the diagnosis of renal colic and whether there 
is any predictive value for 30-day events.

The primary goal of this study was to determine if EP-
performed US can detect severity (none, mild, moderate, severe) 
of hydronephrosis in ED patients with suspected renal colic when 
compared to CT. We also sought to determine the diagnostic 
test characteristics of hydronephrosis detected by EP-performed 
US for the presence of a ureteral stone and ureteral stone size > 
5mm. A secondary goal of this study was to generate hypotheses 
regarding predictors of 30-day events in renal colic patients.

MATERIAL AND METHODS
This was a prospective, observational cohort study of 

a convenience sample of ED patients with suspected renal 
colic from November 2010 to March 2014. The study was 
performed at an urban academic medical center with over 
130,000 annual visits. The Boston Medical Center and 

Boston University Medical Campus Institutional Review 
Board approved this study. Eligible patients were identified 
for inclusion by either a trained research assistant (RA) or 
a physician investigator. RAs were available to screen the 
department electronic medical record system for potential 
eligible patients Monday-Friday from 8:00 am-11:00 pm. 
Enrollment occurred during periods when an EP investigator 
was able to perform the US. Patients were approached if they 
met inclusion criteria: age >21; CT of the abdomen and pelvis 
without contrast ordered; and ability to provide a telephone 
number for 30-day follow-up. We excluded prisoners, 
non-English speaking patients and those unable to provide 
informed consent (defined as medically unstable, those who 
had dementia, altered mental status, or deemed mentally 
incompetent by the treating physician). Written informed 
consent was obtained from all study participants. Participants 
were excluded if an US could not be completed prior to 
discharge from the ED. 

After consent was obtained, one of the investigators, 
blinded to CT results, performed an US and completed a 
standardized data collection sheet. All video images were 
obtained with a Philips (Amsterdam, Netherlands) HD11 XE 
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machine, a Philips Sparq machine, or a Zonare (Mountain View, 
CA, USA) z.one ultra sp machine using a curvilinear probe 
(6-2 MHz). Fourteen EP investigators participated in this study 
and performed all of the ultrasounds. The principal investigator 
(PI) of the study was the emergency ultrasound director, who 
had formal fellowship training. Three of the investigators 
were attendings and 11 were residents throughout the study 
enrollment period. The physician investigators were required to 
complete minimum training requirements before participating in 
this study, which included satisfying the 2008 American College 
of Emergency Physician (ACEP) Ultrasound Guidelines.33.
In addition, the PI of the study trained all investigators how to 
obtain proper renal US views and how to classify the severity 
of hydronephrosis to ensure uniformity. All US images were 
recorded and later reviewed by the PI, who was blinded to 
clinical information and outcome data. The review ensured 
adequate image acquisition and interpretation and was used to 
assess inter-rater reliability. 

Study Protocol
The study protocol required both long- and short-axis 

views of each kidney. The US findings recorded on the data 
sheet were hydronephrosis (none, mild, moderate, severe). 
Color Doppler was used to differentiate mild hydronephrosis 
from the confluence of vessels in the renal pelvis. The CT 
parameters recorded were hydronephrosis and/or hydroureter 
(none, mild, moderate, severe); renal stone location and size; 
and any additional pathological findings. The PI reviewed 
the final reading on all CT imaging to ensure accuracy. The 
reading was considered final when a dictated report by an 
attending radiologist appeared in the medical record.

In our study, we defined renal colic as one of the 
following: 1) CT-confirmed ureteral stone; 2) the presence 
of CT findings confirming the recent passage of a stone 
as dictated on the radiology report, which included 
hydronephrosis, hydroureter, perinephric or periureteric 
stranding or stone in the bladder; 3) attending clinical 
impression or discharge diagnosis of renal colic obtained 
from review of the medical chart. The medical records 
were reviewed for disposition, hospital discharge diagnosis 
and return events. In cases where the medical record 
showed no return outcome within 30 days, an investigator 
or RA conducted a structured follow-up phone call to 
gather information directly from the participant. Two EP 
investigators, who were attending physicians, reviewed all 
medical records to ensure accurate data extraction and to 
confirm the diagnosis of renal colic and 30-day events. The 
simple kappa of agreement was reported. If there were any 
discrepancies between the two reviewers, these were resolved 
by the review of a third EP attending physician investigator.

Primary Data Analysis 
We needed 273 participants in order to evaluate the primary 

goal of comparing EP-performed US with CT in identifying 
the severity of hydronephrosis (none, mild, moderate, severe) 
with a chi-square test. This sample size calculation was made 
using a chi-square test of independence with three degrees 
of freedom, looking for a minimum effect size of 0.2 with 
80% power to detect whether the EP US findings yielded the 
correct classifications as determined by the corresponding gold 
standard CT. CT interpreted by an attending radiologist blinded 
to EP US findings was the criterion standard for diagnosing 

a b c
Figures 1a, 1b, 1c. Hydronephrosis visualized as an anechoic black area on ultrasound. Figure 1a: mild hydronephrosis (red arrow) showing 
dilation of the proximal renal pelvis of the kidney (K), liver (L); Figure 1b: moderate hydronephrosis (red arrow) showing dilation of the renal 
pelvis and calyces of the kidney (K), liver (L); Figure 1c: severe hydronephrosis showing large dilation of the renal pelvis and calyces (red 
arrows) extending outward and resulting in a thinning of the renal cortex (C).
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presence or absence of hydronephrosis and its severity. We also 
performed a Wilcoxon signed-rank test to further assess whether 
differences existed between the EP-performed US and CT 
classifications of hydronephrosis. An ROC (receiver operator 
curve) was drawn and the area under the curve calculated to 
assess the ability of US to correctly classify those patients with 
and without hydronephrosis, using CT as the criterion standard. 
We calculated the diagnostic test characteristics (sensitivity, 
specificity, positive predictive value [LR+), and negative 
predictive value, [LR-]) of any degree of hydronephrosis on EP-
performed US for the presence of any ureteral stone or ureteral 
stone size > 5mm on CT.

For the secondary objective of assessing predictors of 30-
day events in participants with confirmed renal colic, a binary 
outcome measure was used and defined as the following: 
admitted to the hospital on the day of enrollment due to renal 
colic; or return visit for pain, infection, the need for a urologic 
procedure, or hospital admission related to renal colic. We 
analyzed four different models to generate hypotheses on the 
association of 30-day events among renal colic patients with EP-
performed US or CT findings. Four simple logistic regression 
models were fit using the following as independent variables: 
Model 1) any hydronephrosis on EP US; Model 2) severity of 
hydronephrosis on EP US categorized as none, mild, moderate 
or severe; Model 3) ureteral stone, size ≥ 5mm on CT; and 
Model 4) proximal ureteral stone location on CT. The 30-day 
event outcomes used for each of the four models were defined 
as admission at initial ED visit or return visit within 30 days for 
pain, infection, GU procedure, or hospital admission (related to 
pain, infection, or planned urologic procedure). We calculated 
odds ratios (OR) and 95% confidence intervals (CI) for each 
model. We used 95% CIs and P values to determine significance 
at the 0.05 level. All analyses were done in SAS (version 9.3; 
SAS Institute, Inc., Cary, NC). 

RESULTS
Between November 2010 and March 2014, 564 eligible 

participants with suspected renal colic were evaluated in 
the ED and 316 were enrolled (Figure 2). We excluded an 
additional 14 participants due to the US not being performed 
prior to the patient leaving the ED, leaving 302 participants 
for analysis (Table 1). 

Our results show that EP-performed US can detect the 
severity of hydronephrosis when compared to CT as the 
gold standard, (chi-square p<0.001) (Table 2). Of the 302 
participants, five were missing CT results for the classification of 
hydronephrosis severity, which left 297 included in the analysis. 
In comparing EP-performed US to the criterion standard CT in 
the detection of the severity of hydronephrosis, the area under the 
curve using ROC analysis was 88.3%. A Wilcoxon signed-rank 
test determined that there was a statistically significant median 
difference between the CTs and EP-performed US classifications 
of hydronephrosis, W = -312.5, p =0.03, with ultrasound under-

classifying the severity in 9% of participants, over-classifying 
in 13%, and correctly classifying in 78%. The majority of 
misclassified degrees of hydronephrosis by US were off by one 
degree of severity (Table 2).

The PI reviewed all recorded ultrasounds, and the 
inter-rater agreement between the PI interpretation of 
hydronephrosis and all other investigators was 91% with a 
weighted kappa of 0.86. The test characteristics for detection 
of hydronephrosis are displayed in Table 3a,b. The detection 
of any hydronephrosis on EP-performed US had a sensitivity 
of 85%, a specificity of 71%, a LR+ = 2.91, and a LR- = 0.22 
for the presence of any ureteral stone visualized on CT. For 
the presence of a ureteral stone >5mm on CT, the detection of 
any hydronephrosis by EP- performed US had a sensitivity of 
86%, a specificity of 37%, a LR+ = 1.36, and a LR- = 0.39.

Of the 302 participants who had an EP-performed US, 
166 (55%) had a diagnosis of renal colic based on our study 
definition and 136 had an alternate diagnosis by CT (Figure 
2). There was 96% agreement between the two physician 
reviews of the 302 charts, with 13 discordant charts that 
required a tiebreaker review by a third physician investigator 
(simple kappa=0.91[0.87, 0.96]). Of the 166 participants with 
a diagnosis of renal colic, 128 had a stone visualized on CT, 
15 had no stone visualized but had signs of a recently passed 
stone on CT, and 23 had an ED attending clinical impression or 
discharge diagnosis of renal colic on chart review. There were 
39 (13%) participants who had some other diagnostic findings 
on CT, including 21 (7%) who required additional management. 
Significant pathology included diverticulitis (5), malignancy-
related findings (7), non-specific mesenteric inflammatory 
findings (5), chronic pancreatitis (1), small bowel obstruction 
(1), pneumonia (1), and common bile duct and pancreatic duct 
dilation (1). The remaining 97 patients who did not have renal 
colic had no other pathology identified on CT.

Demographic characteristics n (%)
Age, years (mean ± SD (median)) 43.1 ± 13.6 (43)
Gender

Male 170 (56.3)
Female 132 (43.7)

Race
White/non-Hispanic 90 (29.8)
Black/African American 111 (36.8)
Hispanic 76 (25.2)
Asian 6 (2.0)
Other 19 (6.3)

Table 1. Descriptive summary of participants, n=302, in a study 
comparing ultrasound and computed tomography for detection of 
degree of hydronephrosis.
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CT scan classification (frequency missing=5)
ED ultrasound classification None Mild Moderate Severe Total Correct Incorrect Total
None 160 14 0 0 174 160 14 174
Mild 18 46 11 0 75 46 29 75
Moderate 6 16 24 1 47 24 23 47
Severe 0 0 0 1 1 1 0 1
Total 184 76 35 2 297 231 66 297

ED, emergency department; CT, computed tomography.
Chi-squared = 51.7; df = 3; p-value = <0.001.

Table 2. Comparison of emergency-physician-performed ultrasound and computed tomography in the detection of degree of 
hydronephrosis, n=302.

Table 3a,b. Test characteristics of emergency physician performed ultrasound-diagnosed hydronephrosis in detecting ureteral stones 
among renal colic patients, n=166.
a.

CT positive for any ureteral stone CT negative for ureteral stone
Hydronephrosis detected by EP ultrasound (mild/moderate/severe) 100 14
No hydronephrosis detected by EP ultrasound 18 34

CT, computed tomography; CI, confidence interval; LR, likelihood ratio.
Sensitivity=84.8% (95% CI [78.3, 91.2]); Specificity=70.8% (95% CI 58, 83.7); 
Positive Predictive Value=87.8% (95% CI [81.7, 93.7]); Negative Predictive Value=65.4% (95% CI [52.5, 78.3]); LR+=2.91 (95% CI [1.6, 
4.21]); LR-=0.22 (95% CI [0.12, 0.32]).

CT positive for any ureteral stone 
>5mm

CT negative for ureteral stone 
>5mm

Hydronephrosis detected by EP ultrasound (mild/moderate/severe) 100 14
No hydronephrosis detected by EP ultrasound 18 34

b.

CT, computed tomography; CI, confidence interval; LR, likelihood ratio.
Sensitivity=85.7% (95% CI [71.5, 94.6]); Specificity=37.1% (95% CI [28.6, 46.2]); 
Positive Predictive Value=31.6% (95% CI [23.2, 40.95]); Negative Predictive Value=88.5% (95% CI [76.6, 95.65]); LR+=1.36 (95% CI [1.13, 
1.64]); LR-=0.39 (95% CI [0.18, 0.84]).

Of the 166 participants who had renal colic, 12 were 
admitted to the hospital. One admitted participant went 
to the intensive care unit for urosepsis and had severe 
hydronephrosis on CT that was correctly identified on EP 
US. The remaining 154 participants with renal colic were 
discharged home from the ED and had a 30-day medical 
record review and/or phone call performed. Information 
abstracted during chart review included the presence or 
absence of one of the following return events within 30 
days: a return visit for continued pain; infection; the need for 
urologic intervention; or hospital admission related to renal 
colic. Seventeen participants were lost to 30-day follow-up 
due to lack of information in the chart review and inability 
to contact by phone call. Of the remaining 137 participants 
included in the follow-up cohort, 77 had no further events, 19 
had a routine visit and 41 had a 30-day return event (Figure 2). 

The cohort used in the hypothesis-generating secondary 
analysis of predictors of 30-day events related to renal colic 
were the 12 patients admitted to the hospital on the day of the 
ED visit and the 137 participates who were discharged home 
with a diagnosis of renal colic and had a completed 30-day 
follow up (n=149). We performed four logistic regression 
models to analyze factors that may be predictive of 30-day 
events. These factors included the presence of hydronephrosis 
on EP-performed US, the degree of hydronephrosis on EP-
performed US, the presence of a ureteral stone > 5mm, and 
proximal ureteral stone location on CT (Table 4). Of these 
four exploratory models, we found a significant association 
only for the presence of a ureteral stone > 5mm. Renal stones 
> 5mm had an OR of 2.30 for a 30-day event compared to 
smaller stones, 20 out of 40 vs. 33 out of 109 (95% CI [1.10, 
4.84]; p=0.03).
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Figure 2. Flowchart of enrollment figures in study comparing ultrasound and computed tomography for detection of severity of 
hydronephrosis.
GU, genitourinary.
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DISCUSSION
This study supports the findings of prior research that EP-

performed US can reliably identify the severity of hydronephrosis 
when compared to CT as the criterion standard 24-30. We found 
that any degree of hydronephrosis on EP US makes the presence 
of a ureteral stone on CT more likely (PPV 88%, LR+ 2.91), 
but a lack of hydronephrosis did not rule out the diagnosis 
(negative predictive value [NPV] 65%, LR- 0.22). Prior studies 
show that 4-8% of patients with renal colic will not have any 
secondary signs of ureteral obstruction, such as hydronephrosis, 
on imaging.34,35 The diagnosis should still be considered in cases 
with high enough clinical suspicion, and CT can be performed 
to confirm the diagnosis if deemed necessary by the treating 
physician. Many EPs caring for patients with renal colic will 
order a CT to rule out other significant diagnoses and report 
feeling more confident when a CT is performed.36 This study 
found an incidence of other findings on CT to be 7%, which is 
consistent with other research that has reported CT-diagnosed 
incidental findings in 3-12% of patients imaged for renal colic.37-39 
When physicians are deciding on imaging in the ED, acceptable 
risk tolerance for missing an important alternate diagnosis still 
needs to be considered. 

Prior studies have suggested that hydronephrosis is more 
sensitive and specific for identifying larger stones.28-30 We 
did find that hydronephrosis on EP-performed US had a high 
sensitivity (85.7%) for a stone > 5mm on CT, but it did not 
have a high specificity (37.1%) or LR+ (1.36) to rule in larger 
stones. However, we found that the absence of hydronephrosis 
on EP US is good for ruling out the presence of stones > 5mm 
(NPV 88.5%, LR- 0.39) and may reassure the provider that a 
large stone is not present. 

What remains unclear is whether or not the severity of 
hydronephrosis provides additional predictive information in 
patients with renal colic. Most patients who present to the ED 
with renal colic have few adverse events within a follow-up 
period of 180 days.16-40 We chose to perform follow up at 30 
days based on the recommended trial of medical expulsion 
therapy of 4-6 weeks.8,10,41,42 Two prior studies found moderate 
and severe hydronephrosis to be more predictive of the need for 
urologic intervention.17,32 A smaller prospective study analyzed 
the test characteristics of severity of hydronephrosis and stone 
size >5mm on risk of 30-day hospitalization in renal colic 
patients and found any hydronephrosis to be 100% sensitive 
and 44% specific.31 For our renal colic outcomes measure, we 
defined 30-day events as admission to the hospital on the day of 
enrollment or 30-day return for admission related to renal colic, 
urologic intervention, pain control, or infection based on prior 
definitions of adverse outcomes in the literature and clinical 
factors we felt most important to EPs evaluating these patients 
in the ED16,17,31,32. In addition to examining the predictive value 
of hydronephrosis on EP US for return events, we looked at the 
predictive value of proximal ureteral stone location and ureteral 
stones >5mm identified on CT due to research suggesting these 
factors lead to an increased likelihood of requiring urologic 
intervention.7,9,43 In this study, the presence of any degree of 
hydronephrosis on EP US was not predictive of a 30-day event. 
In addition, the presence of moderate or severe hydronephrosis 
was also not predictive of 30-day events. There may be other 
factors contributing to the severity of hydronephrosis, such 
as the length of time the stone has been present or a patient’s 
hydration status. If a larger stone size is not associated with 
greater degrees of hydronephrosis, then the severity of 

OR (95% CI) p-value
Model 1
Any hydronephrosis on ED ultrasound (no hydronephrosis is ref.) 1.39 (0.66, 2.93) 0.38
Model 2

Severity of hydronephrosis on ED ultrasound (no hydronephrosis is ref.)
Mild 1.28 (0.57, 2.88) 0.55
Moderate or severe 1.59 (0.65, 3.89) 0.31

Model 3
Obstructing stone, size ≥ 5mm§ (no is ref.) 2.30 (1.10, 4.84) 0.03

Model 4
Proximal stone location (no is ref.) 2.08 (0.88, 4.89) 0.09

ED, emergency department.
†Outcome defined as admission at initial emergency department (ED) visit or return to ED or clinic within 30 days for pain, infection, 
genitourinary (GU) procedure, or hospital admission (related to pain, infection, or planned GU procedure); probability modeled is 
outcome = ‘yes’.
‡Those who did not have renal colic or were lost to follow-up were excluded from this analysis.
§§Obstructing stone, determined by CT scan, defined.

Table 4. Exploratory analysis of predictors of 30-day events, n=149† ‡.
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hydronephrosis may not be predictive of 30-day events, as prior 
studies have suggested. This also implies that misclassifying 
the degree of hydronephrosis on US compared to CT may not 
be clinically relevant. Therefore, it may be reasonable to ask an 
EP to identify the presence or absence of hydronephrosis alone 
without attempting to differentiate the degree. 

This study did find that larger stone size > 5mm on CT was a 
statistically significant (P= 0.03) predictor of a 30-day event. This 
is consistent with prior studies that show that larger stones are less 
likely to pass without intervention.7,41,43 A more proximal stone 
location had 2.08 times the odds of a 30-day event, but it was not 
statistically significance. The secondary analysis in this study is 
underpowered and limited by small sample size; therefore, larger 
multi-center studies are needed for further investigation. 

From an observational perspective, this study found that all 
subjects (41) with a 30-day event had one due to continued pain. 
Of these subjects, only five were admitted and later discharged 
without further complications. If most return events are due to 
continued pain, which is the natural course of this disease, we 
need to question the utility of obtaining a CT on every patient 
who presents to the ED with the suspected diagnosis. US is a 
reasonable first-line screening modality in suspected renal colic 
patients, especially if further research confirms the predictive 
value of hydronephrosis in detecting any or larger ureteral stones. 
Using an “ultrasound-first” approach can help decrease potential 
radiation exposure, costs and prolonged lengths of stay in the ED. 

LIMITATIONS
This was a single-site study performed at an academic 

ED with an emergency medicine residency and an active US 
section. These results may not be generalizable to other clinical 
settings and may not be easily reproducible at institutions where 
EPs lack equivalent training in the use of US. This study was a 
convenience sample based on availability of the EP investigators 
and RAs. Inclusion criteria required participants to receive a CT, 
which may have introduced a selection bias in the population 
studied by missing potential subjects with suspected renal colic 
who had no imaging. Also, although the literature supports CT 
as the gold standard for evaluation of renal colic it is possible 
that CT may be an imperfect gold standard for identifying the 
severity of hydronephrosis. This may introduce an imperfect 
gold standard bias when evaluating the test characteristics of EP-
performed US in classifying severity of hydronephrosis. 

The physician investigators were residents and attendings 
who may have had varying degrees of training in performing 
renal US; however, all investigators had met ACEP minimum 
standards and had uniform training in the renal US protocol.

We included attending clinical impression or discharge 
diagnosis of renal colic on chart review in the definition of 
renal colic because this disease is often a clinical diagnosis and 
negative imaging may have been a result of a recently passed 
stone. The intention was to not miss the group of patients 
who would be managed by physicians as renal colic despite 

negative imaging. This may have introduced information 
bias in our study. Efforts were made to ensure accuracy of 
data extraction from the chart review by having two separate 
physician investigators blindly review all medical information 
pertaining to the ED visits. The reviewers, however, were not 
blinded to the hypothesis of the study. The follow-up period 
of 30 days may also be a limitation to our results, with longer 
periods of follow-up revealing more events. The interpretation 
of our analysis of a return event is limited by sample size and 
not powered for this study. This analysis was intended to be 
hypothesis generating. Further research with a larger sample 
size is required to determine significant predictors of 30-day 
events in patients with renal colic.

CONCLUSION
EP-performed ultrasound can identify the severity of 

hydronephrosis in patients with suspected renal colic compared to 
CT. The diagnostic test characteristics of hydronephrosis detected 
by EP-performed US indicates that any degree of hydronephrosis 
is a good predictor for the presence of a ureteral stone on CT, but 
may be less reliable in identifying larger stones than previously 
reported in the literature. The lack of hydronephrosis on EP-
performed US should not be used to rule out the presence of a 
ureteral stone but it does makes the presence of a larger stone 
less likely. This may be helpful in risk stratifying patients for a 
return event and prioritize appropriate follow-up. Our follow-up 
revealed that most patients who have a 30-day return event for 
renal colic come back for continued pain rather than more serious 
morbidity, and therefore CT may not be needed on all patients 
presenting to the ED with suspected renal colic. Although EP-
performed ultrasound is a reasonable first-line screening tool 
in suspected renal colic, CT may still be warranted in high-risk 
patients or in those with suspicion for an alternate diagnosis. 
Larger multi-centered studies are needed to further explore these 
predictors in renal colic patients.

Address for Correspondence: Megan Leo, MD, Boston Medical 
Center, One Boston Medical Center Place/ Dowling 1S Boston, 
MA, 02118. Email: megan.leo@bmc.org.

Conflicts of Interest: By the WestJEM article submission 
agreement, all authors are required to disclose all affiliations, 
funding sources and financial or management relationships that 
could be perceived as potential sources of bias. No author has 
professional or financial relationships with any companies that are 
relevant to this study. There are no conflicts of interest or sources 
of funding to declare.

Copyright: © 2017 Leo et al. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Volume 18, no. 4: June 2017	 567	 Western Journal of Emergency Medicine

Leo et al.	 US vs. CT for Hydronephrosis and Its Importance in Renal Colic

REFERENCES
1.	 Scales CD Jr, Smith AC, Hanley JM, et al. Prevalence of kidney 

stones in the United States. Eur Urol. 2012;62(1):160-5. 
2.	 Teichman JM. Clinical practice. Acute renal colic from ureteral 

calculus. N Engl J Med. 2004;350(7):684-93. 
3.	 Miller OF, Rineer SK, Reichard SR, et al. Prospective comparison of 

unenhanced spiral computed tomography and intravenous urogram 
in the evaluation of acute flank pain. Urology. 1998;52(6):982-7.

4.	 Smith RC, Varanelli M. Diagnosis and management of acute 
ureterolithiasis: CT is truth. AJR Am J Roentgenol. 2000;175(1):3-6.

5.	 Smith RC, Verga M, McCarthy S, et al. Diagnosis of acute flank 
pain: value of unenhanced helical CT. AJR Am J Roentgenol. 
1996;166(1):97-101. 

6.	 Eray O, Cubuk MS, Oktay C, et al. The efficacy of urinalysis, plain 
films, and spiral CT in ED patients with suspected renal colic. Am J 
Emerg Med. 2003;21(2):152-4. 

7.	 Coll DM, Varanelli MJ, Smith RC. Relationship of spontaneous 
passage of ureteral calculi to stone size and location as revealed by 
unenhanced helical CT. AJR Am J Roentgenol. 2002;178(1):101-3. 

8.	 Dellabella M, Milanese G, Muzzonigro G. Randomized trial of the 
efficacy of tamsulosin, nifedipine and phloroglucinol in medical expulsive 
therapy for distal ureteral calculi. J Urol. 2005;174(1):167-72. 

9.	 Miller OF, Kane CJ. Time to stone passage for observed ureteral 
calculi: a guide for patient education. J Urol. 1999;162(3 Pt 1):688-
90; discussion 690-1. 

10.	 Pearle MS, Goldfarb DS, Assimos DG, et al. Medical management of 
kidney stones: AUA guideline. J Urol. 2014;192(2):316-24. 

11.	 Katz SI, Saluja S, Brink JA, et al. Radiation dose associated with 
unenhanced CT for suspected renal colic: impact of repetitive 
studies. AJR Am J Roentgenol. 2006;186(4):1120-4. 

12.	 Broder J, Bowen J, Lohr J, et al. Cumulative CT exposures in 
emergency department patients evaluated for suspected renal colic. 
J Emerg Med. 2007;33(2):161-8. 

13.	 Sodickson A, Baeyens PF, Andriole KP, et al. Recurrent CT, 
cumulative radiation exposure, and associated radiation-induced 
cancer risks from CT of adults. Radiology. 2009;251(1):175-84. 

14.	 Hyams ES, Shah O. Evaluation and follow-up of patients with 
urinary lithiasis: minimizing radiation exposure. Curr Urol Rep. 
2010;11(2):80-6. 

15.	 Moore CL, Scoutt L. Sonography first for acute flank pain? J 
Ultrasound Med. 2012;31(11):1703-11. 

16.	 Smith-Bindman R, Aubin C, Bailitz J, et al. Ultrasonography versus 
computed tomography for suspected nephrolithiasis. N Engl J Med. 
2014;371(12):1100-10. 

17.	 Daniels B, Gross CP, Molinaro A, et al. STONE PLUS: evaluation 
of emergency department patients with suspected renal colic, 
using a clinical prediction tool combined with point-of-care limited 
ultrasonography. Ann Emerg Med. 2016;67(4):439-48.

18.	 Wang RC, Rodriguez RM, Moghadassi M, et al. External Validation 
of the STONE Score, a clinical prediction rule for ureteral stone: 

an observational multi-institutional study. Ann Emerg Med. 
2016;67(4):423-32. 

19.	 Hernandez N, Song Y, Noble VE, et al. Predicting ureteral stones in 
emergency department patients with flank pain: an external validation 
of the STONE score. World J Urol. 2016;34(10):1443-6. 

20.	 Moore CL, Daniels B, Gross CP, et al. External validation of the 
STONE score. Ann Emerg Med. 2016;67(2):301-2. 

21.	 Wang RC, Rodriguez RM, Shiboski S, et al. In reply. Ann Emerg 
Med. 2016;67(2):302-3. 

22.	 Dalziel PJ, Noble VE. Bedside ultrasound and the assessment of 
renal colic: a review. Emerg Med J. 2013;30(1):3-8. 

23.	 Kanno T, Kubota M, Sakamoto H, et al. Determining the efficacy 
of ultrasonography for the detection of ureteral stone. Urology. 
2014;84(3):533-7. 

24.	 Rosen CL, Brown DF, Sagarin MJ, et al. Ultrasonography by 
emergency physicians in patients with suspected ureteral colic. J 
Emerg Med. 1998;16(6):865-70. 

25.	 Gaspari RJ, Horst K. Emergency ultrasound and urinalysis in the 
evaluation of flank pain. Acad Emerg Med. 2005;12(12):1180-4. 

26.	 Watkins S, Bowra J, Sharma P, et al. Validation of emergency 
physician ultrasound in diagnosing hydronephrosis in ureteric colic. 
Emerg Med Australas. 2007;19(3):188-95. 

27.	 Herbst MK, Rosenberg G, Daniels B, et al. Effect of provider 
experience on clinician-performed ultrasonography for 
hydronephrosis in patients with suspected renal colic. Ann Emerg 
Med. 2014;64(3):269-76. 

28.	 Moak JH, Lyons MS, Lindsell CJ. Bedside renal ultrasound in 
the evaluation of suspected ureterolithiasis. Am J Emerg Med. 
2012;30(1):218-21. 

29.	 Riddell J, Case A, Wopat R, et al. Sensitivity of emergency bedside 
ultrasound to detect hydronephrosis in patients with computed 
tomography-proven stones. West J Emerg Med. 2014;15(1):96-100. 

30.	 Goertz JK, Lotterman S. Can the degree of hydronephrosis 
on ultrasound predict kidney stone size? Am J Emerg Med. 
2010;28(7):813-6. 

31.	 Fields JM, Fischer JI, Anderson KL, et al. The ability of renal 
ultrasound and ureteral jet evaluation to predict 30-day outcomes 
in patients with suspected nephrolithiasis. Am J Emerg Med. 
2015;33(10):1402-6. 

32.	 Taylor M, Woo MY, Pageau P, et al. Ultrasonography for the 
prediction of urological surgical intervention in patients with renal 
colic. Emerg Med J. 2016;33(2):118-23. 

33.	 Emergency ultrasound guidelines. Ann Emerg Med. 2009;53(4):550-70. 
34.	 Katz DS, Lane MJ, Sommer FG. Unenhanced helical CT of ureteral 

stones: incidence of associated urinary tract findings. AJR Am J 
Roentgenol. 1996;166(6):1319-22. 

35.	 Chen MY, Zagoria RJ. Can noncontrast helical computed tomography 
replace intravenous urography for evaluation of patients with acute 
urinary tract colic? J Emerg Med. 1999;17(2):299-303. 

36.	 Abramson S, Walders N, Applegate KE, et al. Impact in the 



Western Journal of Emergency Medicine	 568	 Volume 18, no. 4: June 2017

US vs. CT for Hydronephrosis and Its Importance in Renal Colic	 Leo et al.

emergency department of unenhanced CT on diagnostic confidence 
and therapeutic efficacy in patients with suspected renal colic: 
a prospective survey. 2000 ARRS President’s Award. American 
Roentgen Ray Society. AJR Am J Roentgenol. 2000;175(6):1689-95. 

37.	 Moore CL, Daniels B, Singh D, Luty S, Molinaro A. Prevalence and 
Clinical Importance of Alternative Causes of Symptoms Using a 
Renal Colic Computed Tomography Protocol in Patients With Flank 
or Back Pain and Absence of Pyuria. Mark Courtney D, ed. Acad 
Emerg Med. 2013;20(5):470-478. 

38.	 Pernet J, Abergel S, Parra J, et al. Prevalence of alternative diagnoses 
in patients with suspected uncomplicated renal colic undergoing 
computed tomography: a prospective study. CJEM. 2015;17(1):67-73. 

39.	 Samim M, Goss S, Luty S, et al. Incidental findings on CT for 
suspected renal colic in emergency department patients: prevalence 

and types in 5,383 consecutive examinations. J Am Coll Radiol. 
2015;12(1):63-9. 

40.	 Epstein N, Rosenberg P, Samuel M, et al. Adverse events are rare 
among adults 50 years of age and younger with flank pain when 
abdominal computed tomography is not clinically indicated according 
to the emergency physician. CJEM. 2013;15(3):167-74. 

41.	 Masarani M, Dinneen M. Ureteric colic: new trends in diagnosis and 
treatment. Postgrad Med J. 2007;83(981):469-72. 

42.	 Al-Ansari A, Al-Naimi A, Alobaidy A, et al. Efficacy of tamsulosin in 
the management of lower ureteral stones: a randomized double-blind 
placebo-controlled study of 100 patients. Urology. 2010;75(1):4-7. 

43.	 Papa L, Stiell IG, Wells GA, et al. Predicting intervention in renal 
colic patients after emergency department evaluation. CJEM. 
2005;7(2):78-86.


