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Introduction: Urolithiasis is a common medical condition that accounts for a large number of emergency 
department (ED) visits each year and contributes significantly to annual healthcare costs. Urinalysis is an 
important screening test for patients presenting with symptoms suspicious for urolithiasis. At present there 
is a paucity of medical literature examining the characteristics of ureteral stones in patients who have 
microscopic hematuria on urinalysis versus those who do not. The purpose of this study was to examine 
mean ureteral stone size and its relationship to the incidence of clinically significant hydronephrosis in 
patients with and without microscopic hematuria. 

Methods: This is a retrospective chart review of patient visits to a single, tertiary academic medical 
center ED between July 1, 2008, and August 1, 2013, of patients who underwent non-contrast computed 
tomography of the abdomen and pelvis and urinalysis. For patient visits meeting inclusion criteria, we 
compared mean stone size and the rate of moderate-to-severe hydronephrosis found on imaging in 
patients with and without microscopic hematuria on urinalysis.

Results: Out of a total of 2,370 patient visits 393 (16.6%) met inclusion criteria. Of those, 321 (82%) had 
microscopic hematuria present on urinalysis. Patient visits without microscopic hematuria had a higher 
rate of moderate-to-severe hydronephrosis (42%), when compared to patients with microscopic hematuria 
present (25%, p=.005). Mean ureteral stone size among patient visits without microscopic hematuria was 
5.7 mm; it was 4.7 mm for those patients with microscopic hematuria (p=.09). For ureteral stones 5 mm 
or larger, the incidence of moderate-to-severe hydronephrosis was 49%, whereas for ureteral calculi less 
than 5 mm in size, the incidence of moderate-to-severe hydronephrosis was 14% (p < 0.0001). 

Conclusion: Patients visiting the ED with single-stone ureterolithiasis without microscopic hematuria on 
urinalysis could be at increased risk of having moderate-to-severe hydronephrosis compared to similar 
patients presenting with microscopic hematuria on urinalysis. Although the presence of hematuria on 
urinalysis is a moderately sensitive screening test for urolithiasis, these results suggest patients without 
hematuria tend to have more clinically significant ureteral calculi, making their detection more important. 
Clinicians should maintain a high index of suspicion for urolithiasis, even in the absence of hematuria, 
since ureteral stones in these patients were found to be associated with a higher incidence of obstructive 
uropathy. [West J Emerg Med. 2017;18(4)775-779.]
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Population Health Research Capsule

What do we already know about this issue?
Urolithiasis is a very common emergency 
department (ED) diagnosis accounting for a 
large number of ED visits in the U.S. each year.

What was the research question?
How does the rate and severity of 
hydronephrosis in CT-diagnosed urolithiasis 
compare between ED patients with and without 
microscopic hematuria on urinalysis? 

What was the major finding of the study?
ED patients with CT-diagnosed urolithiasis 
and an absence of microscopic hematuria 
on urinalysis had a significantly higher 
rate of moderate-to-severe hydronephrosis 
compared to patients with microscopic 
hematuria on urinalysis. 

How does this improve population health?
Emergency physicians should maintain a high 
index of suspicion for clinically significant 
urolithiasis despite an absence of microscopic 
hematuria on urinalysis in patients presenting 
to the ED with symptoms of renal colic. 

INTRODUCTION
Urolithiasis is a very common medical condition that affects 

5-15% of the worldwide population1 and results in over 1.2 
million emergency department (ED) visits in the United States 
each year.2 An important goal in the evaluation of urolithiasis 
is the detection of concomitant ureteral obstruction, which can 
result in irreversible renal damage and be associated with life-
threatening infection. The evaluation of urolithiasis is largely 
influenced by the results of a urinalysis (UA). While the presence 
of microscopic hematuria favors a diagnosis of urolithiasis in a 
patient presenting with symptoms suggestive of ureteral colic, 
it is estimated that 10-20% of patients with urolithiasis can 
present without microscopic hematuria on UA.3 To the best of 
our knowledge, there are no large studies examining whether the 
presence or absence of microscopic hematuria has any influence 
on the likelihood of a patient having concomitant clinically 
significant hydronephrosis. In this study, we sought to compare 
the rates and severity of hydronephrosis in patients with non-
contrast computed tomography- (CT) diagnosed urolithiasis in 
the presence and absence of microscopic hematuria on urinalysis.

METHODS 
We conducted a retrospective chart review of patient visits 

to a single, tertiary academic medical center ED between July 1, 
2008, and August 1, 2013. We complied with optimal methods 
for retrospective chart reviews.4 All patient visits in adults aged 
18 years or older that included a non-contrast CT of the abdomen 
and pelvis (CT abd/pelvis) and microscopic UA within this time 
frame met inclusion criteria. We excluded patient visits with any 
of the following: absence of ureteral calculi on non-contrast CT 
abd/pelvis radiology report; no UA data or missing UA data; 
missing non-contrast CT abd/pelvis radiology report; presence 
of more than one ureteral calculus; presence of a ureteral stent or 
nephrostomy tube; or presence of any intraabdominal or pelvic 
mass resulting in ureteral obstruction. We defined a ureteral stone 
as a calculus residing anywhere from the ureteropelvic junction 
to the ureterovesicular junction. All CTs were performed using 
either a Siemens Somatome Sensation 64-slice scanner, or a 
Philips Brilliance 128- or 256-slice scanner. A radiology faculty 
member at the University of California, Irvine Medical Center 
interpreted all CTs during the study period. 

Two blinded, trained data abstractors (RT and DS) recorded 
the following on a data abstraction form: number of red blood 
cells (RBCs) per high power field (hpf) on UA; size and 
location of the ureteral stone; and the presence and severity of 
hydronephrosis (none, mild, moderate, or severe per attending 
radiology final report). We held periodic meetings to resolve any 
discrepancies and/or questions regarding the extraction of data 
from these reports. If the presence of hydronephrosis was not 
documented (n=39 charts) on the radiology report, we assumed 
that there was none. If hydronephrosis was documented, but 
without a clarifying severity (n=16 charts), we assumed that the 
patient fell into at least the moderate group. If the hydronephrosis 

was described as “mild to moderate” (n=19), we included these 
patients in the “moderate” hydronephrosis group. Two separate, 
non-blinded reviewers (MBO and JM) audited all included charts 
for accuracy. 

We divided patient visits into two groups based on the 
presence or absence of microscopic hematuria on UA, as 
defined by guidelines established by the American Urological 
Association.5,6 We considered a UA with equal to or greater than 
four RBC per hpf to have microscopic hematuria present, and 
fewer than four RBC per hpf to be absent microscopic hematuria. 

We calculated the average ureteral stone size, the incidence 
of moderate-to-severe hydronephrosis, and the incidence of any 
level of hydronephrosis (“minimal” or greater) for each of our 
patient groups (those with and those without hematuria). We 
performed all calculations using Microsoft Excel or Vassar Stats.7 

RESULTS
Out of a total of 2,370 patient visits that we reviewed, 393 

met inclusion criteria. The median age of our patient population 
was 43 years (range: 18-91, interquartile range [IQR] [32-54]) 
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and 69% were male. Among these, 321 (82%) had concomitant 
microscopic hematuria and 72 (18%) did not have microscopic 
hematuria on UA. 

A higher proportion of patient visits without hematuria 
had moderate-to-severe hydronephrosis (n = 30, 42%) when 
compared to those with hematuria (n = 81, 25%) (p = .005 via 
chi-squared, negative likelihood ratio = 1.8) Stated another 
way, and acknowledging the limitations of the narrow patient 
population studied, the sensitivity of hematuria on urinalysis for 
detecting a ureteral calculus was 73% (95% confidence interval 
[CI] [64%-81%]) in the group of patients with moderate-to-
severe hydronephrosis and 85% (95% CI [80%-89%]) in patients 
with mild or no hydronephrosis (p = .005). See Figure for a 
summary of results. 

There was no difference in the proportion of patient visits 
with any amount of hydronephrosis (minimal, mild, moderate, 
or severe) with microscopic hematuria (n = 288, 90%) versus 
without microscopic hematuria (n = 65, 90%) (p = 0.92). The 
average ureteral stone size among all patients was 4.9 mm. The 
average size of ureteral stones for patient visits with microscopic 
hematuria was 4.7 mm (95% CI [4.4-5.0; range 1-20]) and 5.7 
mm (95% CI [4.6-6.7; range 1-25]) in patient visits without 
microscopic hematuria, (p = 0.09 via two tailed t-test). For 
those patients with no, minimal, or mild hydronephrosis, the 
average stone size was 4.1 mm (CI [3.8-4.4, range: 1-20]); for 

those patients with moderate-to-severe hydronephrosis, the 
average stone size was 6.9 mm (CI [6.1-7.7, range: 1-25]) (p 
< 0.0001 via two tailed t-test). For ureteral calculi equal or 
greater than 5 mm in size, the incidence of moderate-to-severe 
hydronephrosis was 49%, whereas for ureteral calculi less 
than 5 mm in size, the incidence of moderate or more severe 
hydronephrosis was 14% (p < 0.0001). 

DISCUSSION
Urolithiasis is a very common diagnosis in the ED 

accounting for 5%-8% of ED visits and adding up to $5 billion 
in healthcare costs annually in the United States.8 While most 
ureteral stones will pass without consequence, the challenge 
for emergency physicians (EP) is to identify those patients 
who are at higher risk for complications, such as obstructive 
uropathy. Microscopic hematuria on UA is a good screening 
test in the workup of suspected ureteral colic, but its 
sensitivity ranges between 69% and 84%,3,9 similar to the rate 
found in our study of 82%. 

Our retrospective chart review demonstrated that 
microscopic hematuria was less sensitive in detecting urolithiasis 
in patients with more severe disease (obstructive uropathy). It 
is unclear why a greater degree of obstructive uropathy would 
correlate with a lower incidence of microscopic hematuria. One 
hypothesis is that larger ureteral stones may obstruct bleeding 

Figure. Summary of results including total number of patient visits reviewed, number of patient visits meeting inclusion criteria, percentage 
of included patient visits with and without microscopic hematuria on urinalysis, mean stone size and percentage of moderate-to-severe 
hydronephrosis among included patient visits with and without microscopic hematuria on urinalysis.
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resulting in the absence of hematuria on UA; however, no 
studies have proven this. Additional factors that may influence or 
confound the presence or absence of microscopic hematuria on 
UA in patients with suspected urolithiasis include dehydration, 
females on their menstrual period, stone position,10 and the time 
interval between pain onset and urine collection.12 A recent study 
by Sahin et al. examined the value of several parameters for 
predicting successful medical expulsion therapy in urolithiasis 
and found stone size, localization, degree of hydronephrosis, 
proximal ureteral diameter and ureteral wall thickness to be 
highly predictive, and patient age, BMI and stone density not 
predictive.13 Regardless, EPs may want to exercise caution in the 
management of patients with suspected ureteral colic without 
microscopic hematuria on UA, as our findings suggest these 
patients are at increased risk of more severe hydronephrosis. 

The presence or absence of microscopic hematuria on UA 
is a point of interest, as its absence may prompt EPs to order 
more diagnostic CTs to narrow the differential diagnoses. At 
present, non-contrast helical CTs are the criterion reference of 
urinary stone diagnosis, with a measured sensitivity of 97-100%, 
specificity of 94-96%, and negative predicative value of 97%.14-16 
However, non-contrast CT urography can underestimate ureteral 
stone size by up to 12%.17 CTs are also expensive, increase ED 
lengths of stay, and expose patients to ionization radiation.20-23 
The expense can be further inflated by the workup of incidental 
and unrelated findings found on CT.11,18,19 

We did not find a statistically significant difference between 
ureteral stone size in patients with and without microscopic 
hematuria. Our sample size may have been too small to detect 
one, although previous studies have also failed to demonstrate 
a significant correlation between stone size and the presence of 
hematuria.10 We did find, however, a significant difference in 
the mean size of ureteral stones resulting in minimal-to-mild 
hydronephrosis (4.1mm) versus those resulting in moderate-
to-severe hydronephrosis (6.9 mm, p < 0.0001). Furthermore, 
stones that were 5mm or larger were associated with a higher 
incidence of moderate-to-severe hydronephrosis (49%) than those 
stones that were smaller than 5mm (14%, p < 0.0001). These 
findings suggest that the severity of an obstructive complication 
may increase significantly with ureteral stones around 5 mm in 
diameter or larger. This knowledge carries important clinical 
implications as it might aid EPs in better estimating a patient’s 
likelihood of an obstructive complication and consequently 
whether or not urological consultation is warranted. 

LIMITATIONS
Limitations of our study include its retrospective nature, 

though it strictly adheres to methods designed to minimize bias 
in emergency medicine retrospective chart reviews as outlined by 
Gilbert, Lowenstein, et al.4 We also examined a narrow patient 
population of ED visits with CT-proven urolithiasis only. This 
was intended to ensure all patients included in the study had 
direct visual evidence a ureteral calculus, however at the expense 

of excluding all patients clinically diagnosed with ureterolithiasis 
(i.e., no CT obtained). EPs are more likely to obtain a CT for 
patients with renal colic symptoms and no hematuria on UA 
given greater diagnostic uncertainty, and thus a selection bias 
for patients without hematuria on UA may have skewed our 
patient sample. Furthermore, the growing use of point-of-care 
ultrasound as an alternative imaging modality for diagnosing 
hydronephrosis at the bedside with reported sensitivities of 85-
94% and specificity of 100% contributed additional confounding 
as these patients too were excluded if no CT was obtained.24-26 
Some patient visits over the data collection time period may 
have been repeat visits by the same patient. Several patient visits 
that otherwise would have met inclusion criteria were excluded 
based on the absence of either UA data or a CT urography report. 
Some CT urography reports neglected to qualify the degree of 
hydronephrosis, and others varied in the verbiage used to describe 
the degree of hydronephrosis. Additionally several patient visits 
were excluded on the basis of having more than one ureteral 
stone seen on CT urography given that if hematuria were present 
on UA it could not be attributed to any one stone. 

CONCLUSION 
Patient visits to the ED with a single ureteral stone 

on non-contrast CT abd/pelvis and no microscopic 
hematuria on UA are more likely to have moderate-to-
severe concomitant hydronephrosis than patient visits with 
microscopic hematuria on UA. Future study should focus 
on patient-centered outcomes among those found to have 
clinically significant hydronephrosis without microscopic 
hematuria on urinalysis in order to better guide the workup 
and prognostication of this patient group. Additionally, 
further scientific investigation into the pathophysiological 
mechanisms responsible for hematuria in urolithiasis would 
greatly benefit physician interpretation of microscopic 
hematuria in this patient population. 
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