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Stratifying Risk of Urinary Tract Malignant
Tumors in Patients With Asymptomatic
Microscopic Hematuria
Ronald K. Loo, MD; Stephen F. Lieberman, MD; Jeff M. Slezak, MS;
Howard M. Landa, MD; Albert J. Mariani, MD; Gary Nicolaisen, MD;
Ann M. Aspera, MD; and Steven J. Jacobsen, MD, PhD
Abstract
Objective: To identify patients who could safely avoid unnecessary radiation and instrumentation after the
detection of microscopic hematuria.
Patients and Methods: We conducted a prospective cohort study of patients who were referred to urologists and underwent a full evaluation for asymptomatic microscopic hematuria during a 2-year period in an
integrated care organization in 3 regions along the West Coast of the United States. A test cohort and
validation cohort of patients with hematuria evaluations between January 9, 2009, and August 15, 2011,
were identiﬁed. Patients were followed passively through their electronic health records for a diagnosis of
urothelial or renal cancer. The degree of microscopic hematuria, history of gross hematuria, smoking history,
age, race, imaging ﬁndings, and cystoscopy ﬁndings were evaluated as risk factors for malignant tumors.
Results: The test cohort consisted of 2630 patients, of whom 55 (2.1%) had a neoplasm detected and 50
(1.9%) had a pathologically conﬁrmed urinary tract cancer. Age of 50 years or older and a recent diagnosis
of gross hematuria were the strongest predictors of cancer. Male sex was also predictive of cancer, whereas
smoking history and 25 or more red blood cells per high-power ﬁeld on a recent urinalysis were not
statistically signiﬁcant. A Hematuria Risk Index developed from these factors had an area under the
receiver operating characteristic curve of 0.809. In the validation cohort of 1784 patients, the Hematuria
Risk Index performed comparably (area under the curve ¼ 0.829). Overall, 32% of the population was
identiﬁed as low risk and 0.2% had a cancer detected; 14% of the population was identiﬁed as high risk, of
whom 11.1% had a cancer found.
Conclusion: These results suggest that a considerable proportion of patients could avoid extensive
evaluations with the use of the Hematuria Risk Index.
ª 2013 Mayo Foundation for Medical Education and Research
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symptomatic microscopic hematuria
in the general population is common.
The prevalence of some degree of
hematuria has been reported to be as high
as 9% to 18% in large screening studies.1,2
Even low degrees of microscopic hematuria
have been considered a risk factor for urinary
tract malignant tumors, and the recommended
threshold for evaluation is 3 or more red blood
cells per high-power ﬁeld (RBC/HPF) on 2 of 3
properly performed urinalyses or any high-grade
hematuria (>50 RBC/HPF) or gross hematuria.3
American Urological Association (AUA) best
practice policy recommendations include
urine testing (urine culture or urine cytologic
testing), imaging (multiphase abdominal
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computed tomography [CT] or intravenous
pyelography plus renal ultrasonography),
and cystoscopy.4-6
Despite these recommendations, the prevalence of urinary tract cancer in the general population is low (0.01%-3%),1,7-9 translating to
a low prior probability of disease for screening.
In small populations of patients referred for evaluation of microscopic hematuria, the prevalence
of urinary tract cancer has been reported to be
5% to 13%.10,11 We recently reported ﬁndings
on a retrospective analysis of a large population
of patients who underwent microscopic
urinalysis during a 2-year period in which
the prevalence of urinary tract cancer was
much lower (0.43%).12 Moreover, the AUA
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practice recommendations did not perform
well in identifying which patients were most
likely to have malignant tumors, suggesting
that there may be alternative criteria that
better identify patients who truly require
further evaluation.
On the basis of these ﬁndings, we undertook a prospective, observational study within
a large managed care organization to determine which patients with asymptomatic
microscopic hematuria are at greatest risk for
bladder and renal cancer and who would
most beneﬁt from urologic evaluation.
PATIENTS AND METHODS
From January 9, 2009, to August 15, 2011,
a prospective, observational cohort study was
conducted within a large managed care organization (Kaiser Permanente) that provides
comprehensive care for members through
a capitated health plan. Most health care for
members is provided in system-owned medical centers or their afﬁliated outpatient facilities. A small fraction of emergent and
specialty care is obtained from other health
care professionals through contractual arrangements or through a claims reimbursement system. All health care encounters are
tracked through electronic data systems, with
detailed information on diagnoses applied
and procedures performed during those encounters, regardless of setting. For outside
health care professionals to be reimbursed by
the health plan for covered emergent care,
claims must be submitted with documentation
of the episode of care, and that information is
entered into the administrative data systems.
Thus, the capture of care provided to Kaiser
Permanente members by electronic administrative data is comprehensive.
With agreement from urologists across
the program, patients referred to a urologist
for evaluation of asymptomatic microscopic
hematuria were to be evaluated according to
a standard protocol that essentially mirrored
the AUA best practice recommendations for
hematuria. An electronic data collection tool
was developed in which urologists recorded
5 ﬁndings for each patient with asymptomatic
microhematuria: (1) history of gross hematuria
in the past 6 months (yes/no), (2) result of initial
imaging, (3) result of secondary imaging (if
any), (4) cystoscopy ﬁndings, and (5) cause of
2
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hematuria. Urinalysis results were stratiﬁed as
0 to 3, 4 to 10, 11 to 25, 26 to 50, and more
than 50 RBC/HPF. Smoking history, race/
ethnicity, and patient demographic characteristics were abstracted from the Kaiser Permanente
electronic medical record.
The initial test cohort was composed of
members of the Kaiser Permanente health plans
in southern California and the Paciﬁc Northwest with hematuria evaluations between
January 9, 2009, and October 26, 2010. An
independent validation cohort was then assembled from patients from northern California
with evaluations from January 9, 2009, through
August 15, 2011, and patients in southern California and the Paciﬁc Northwest from October
27, 2010, through August 15, 2011.
Patients were followed passively through
their electronic health records for a diagnosis
of urothelial or renal cancer. For all patients
with a cancer diagnosis, pathologic test results
were obtained from electronic health records
and pathology reports. Information collected
included cancer type, grade, and pathologic
stage.
Because not all patients underwent the
complete workup, the prevalence of hematuria
and urinary tract malignant tumors was estimated for our population.12 In addition,
a separate analysis was performed on patients
with microscopic hematuria within the
southern California region who were referred
to a urologist and did not have data entered
into the data collection tool. A 10% random
sample of records was reviewed for outcome
to evaluate for possible selection bias.
Cohort characteristics were described
using percentages. Bivariate associations were
assessed using the c2 test and logistic regression models. Multivariable logistic regression
was used to build a predictive risk model in
the initial test cohort. Patient age and degree
of hematuria on urinalysis were dichotomized
for the risk model, with age in 5-year increments and degree of hematuria cutoffs matching the laboratory’s accepted stratiﬁcation
examined to ﬁnd the most predictive cut
point. Statistical signiﬁcance was not a consideration for adding a factor to the predictive
model; rather, improvement in the model’s
predictive ability, measured by the area under
the receiver operating characteristic curve
(AUC), was used to identify the strongest
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model. To simplify the logistic regression
model into a risk score, factors with similar
parameter estimates were grouped together,
and the relative size of the parameter estimates
were used to determine relative points in the
risk score. Speciﬁcally, smoking history,
degree of hematuria, and male sex all had relatively small parameter estimates and were each
given 1 point, whereas age and history of gross
hematuria had parameter estimates averaging
approximately 4 times larger and so were
given 4 points. The Mantel-Haenszel test for
trend was used to test the association of risk
score with cancer stage. This risk score was
applied to the independent validation cohort.
The AUC was then determined for the predictive model.

RESULTS
There were 3,222,699 urinalyses performed in
1,117,542 patients in the test cohort regions
from January 9, 2009, to October 26, 2010.
Of these patients, 456,674 had microscopic
hematuria and 389,207 had 2 positive urinalysis results meeting the threshold for evaluation. During this period, 7778 patients were
seen by a urologist for evaluation of asymptomatic microhematuria and 4721 underwent
cystoscopy. The details of 2630 of those evaluations were entered into the electronic data
collection tool. During the data entry period
for the validation cohort, 2,686,014 urinalyses
were performed in 1,304,043 patients, of
whom 510,623 had a positive urinalysis result
and 254,097 had 2 positive urinalysis results.
Of 510,623 patients, 12,922 were seen by
a urologist, 4118 underwent cystoscopy, and
1784 had their results entered.
The characteristics of the test and validation
cohorts are given in Table 1. The test cohort
was composed of patients in the southern
California region (n¼1973) and the Paciﬁc
Northwest (n¼657). The validation cohort
was composed of patients in northern California (n¼804), southern California (n¼732),
and the Paciﬁc Northwest (n¼248). Most
patients (1529, 58.1% of the test cohort and
1233, 69.1% of the validation cohort) underwent multiphasic abdominal and pelvic CT,
with a few patients undergoing intravenous
pyelography (503, 19.1% of the test cohort
and 172, 9.6% of the validation cohort) plus
Mayo Clin Proc. n XXX 2013;nn(n):1-10
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ultrasonography (795, 30.2% of the test cohort
and 399, 22.4% of the validation cohort).
The test and validation cohorts also had
some differences in race, with a higher proportion of Hispanic patients having been evaluated in the test cohort.
Smoking history was comparable between
the 2 groups. Of note, almost one-third of
patients evaluated were younger than 50 years.
The degree of microhematuria was slightly
higher in the validation cohort, and a signiﬁcantly higher proportion of patients reported
a history of gross hematuria in the past 6
months in the validation cohort than in the
test cohort (496/1784, 27.8% vs 379/2630,
14.4%, P<.001). The latter may reﬂect differences in the electronic referral system that exists
from primary care to urologic care between the
northern and southern California regions.
Pathology reports were reviewed for all
patients with cancer diagnoses. A total of
50 cancers (44 bladder and 6 renal) were
conﬁrmed in the test cohort and 61 cancers
(56 bladder and 5 renal) in the validation
cohort. In the test cohort, 5 of 55 neoplasms
were benign on the ﬁnal pathology report, and
1 patient with a 1.7-cm, enhancing renal lesion
elected close observation and was counted as
having stage T1 cancer. In the validation cohort,
56 of 59 bladder cancers were conﬁrmed as
were 5 of 7 renal cancers (2 renal lesions were
benign hemorrhagic renal cysts). The overall
cancer detection rate was 1.9% in the test cohort
(50 of 2630 patients) and 3.4% for the validation cohort (61 of 1784 patients).
Overall, 100 bladder cancers were diagnosed among 4414 patients evaluated (2.3%),
and only 11 renal cancers were pathologically
conﬁrmed (0.2%).
Among the non-neoplastic ﬁndings, the
most common ﬁndings included urinary stones
(713, 16.2%), prostatic bleeding (175, 4.0%),
urinary tract infection (102, 2.3%), and glomerular disease (39, 0.9%).
Among the random sample of 158 patients
from the 1580 who were referred to a urologist
for hematuria in the southern California region
during the period of the test cohort but whose
results were not entered into the data collection tool, 3 cancers were diagnosed (1.9%),
which matches the rate in the test cohort.
In the test cohort, sex, age, history of
gross hematuria, smoking history, degree of
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TABLE 1. Description of the Study Cohorts
No. (%) of study participants
Variable
Region
Northern California
Northwest
Southern California
Sex
Female
Male
Age (y)
<40
40-49
50-59
60-69
70
History of gross hematuria
Race
Asian/Paciﬁc Islander
Black
Hispanic
Native American
Other
Unknown
White
Tobacco use
Missing
Never
Passive
Quit
Yes
RBC/HPF on most recent urinalysis
Missing
0-3
4-10
11-25
26-50
51
2 Positive urinalysis results
Ultrasonography
KUB
Intravenous pyelography
Noncontrast CT
Contrast CT
Risk group
Low
Moderate
High
Findings
Bladder neoplasm
Renal neoplasm
Prostate neoplasm
Glomerular
Urinary stones

Test cohort
(n¼2630)

Validation cohort
(n¼1784)

Total
(N¼4414)

0
657 (25.0)
1973 (75.0)

804 (45.1)
248 (13.9)
732 (41.0)

804 (18.2)
905 (20.5)
2705 (61.3)

1476 (56.1)
1154 (43.9)

890 (49.9)
894 (50.1)

2366 (53.6)
2048 (46.4)

P value
<.001

<.001

.004
319
509
714
590
498
379

(12.1)
(19.4)
(27.1)
(22.4)
(18.9)
(14.4)

180
319
462
407
416
496

(10.1)
(17.9)
(25.9)
(22.8)
(23.3)
(27.8)

499
828
1176
997
914
875

(11.3)
(18.8)
(26.6)
(22.6)
(20.7)
(19.8)

161
178
255
12
162
842
1020

(6.1)
(6.8)
(9.7)
(0.5)
(6.2)
(32.0)
(38.8)

108
107
169
7
88
364
941

(6.1)
(6.0)
(9.5)
(0.4)
(4.9)
(20.4)
(52.7)

269
285
424
19
250
1206
1961

(6.1)
(6.5)
(9.6)
(0.4)
(5.7)
(27.3)
(44.4)

0
1505 (57.2)
23 (0.9)
797 (30.3)
305 (11.6)

3
975
21
569
216

(0.2)
(54.7)
(1.2)
(31.9)
(12.1)

3
2480
44
1366
521

(0.1)
(56.2)
(1.0)
(30.9)
(11.8)

432
262
409
186
149
346
924
399
20
172
169
1064

(24.2)
(14.7)
(22.9)
(10.4)
(8.4)
(19.4)
(51.8)
(22.4)
(1.1)
(9.6)
(9.5)
(59.6)

622
897
1077
436
490
892
2847
1194
41
675
413
2349

(14.1)
(20.3)
(24.4)
(9.9)
(11.1)
(20.2)
(64.5)
(27.1)
(0.9)
(15.3)
(9.4)
(53.2)

<.001
<.001

.34

<.001
190
635
668
250
341
546
1923
795
21
503
244
1285

(7.2)
(24.1)
(25.4)
(9.5)
(13.0)
(20.8)
(73.1)
(30.2)
(0.8)
(19.1)
(9.3)
(48.9)

875 (33.3)
1487 (56.5)
268 (10.2)

553 (31.0)
867 (48.6)
364 (20.4)

<.001
<.001
.27
<.001
.83
<.001
<.001

1428 (32.4)
2354 (53.3)
632 (14.3)
<.001

48
7
3
27
384

(1.8)
(0.3)
(0.1)
(1.0)
(14.6)

59
7
2
12
329

(3.3)
(0.4)
(0.1)
(0.7)
(18.4)

107
14
5
39
713

(2.4)
(0.3)
(0.1)
(0.9)
(16.2)
Continued on next page
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TABLE 1. Continued
No. (%) of study participants
Test cohort
(n¼2630)

Variable
Findings, continued
UTI
Prostatic bleeding
Contamination
No cause found
Pathologically conﬁrmed cancer

57
66
13
2025
50

(2.2)
(2.5)
(0.5)
(77.0)
(1.9)

Validation cohort
(n¼1784)
45
109
3
1218
61

(2.5)
(6.1)
(0.2)
(68.3)
(3.4)

Total
(N¼4414)
102
175
16
3243
111

(2.3)
(4.0)
(0.4)
(73.5)
(2.5)

P value

.002

CT ¼ computed tomography; KUB ¼ kidneys, ureters, bladder; RBC/HPF ¼ red blood cells per high-power ﬁeld; UTI ¼ urinary tract
infection.

hematuria on the most recent urinalysis, and race
were associated with pathologically conﬁrmed
cancer. In a multivariable model (Table 2), sex,
age, and history of gross hematuria were statistically signiﬁcantly associated with a cancer
ﬁnding. Smoking and degree of hematuria were
included in the ﬁnal multivariable model because
they increased the model’s predictive ability. Race
was not included in the ﬁnal model because of the
large number of patients with unknown race/
ethnicity and the small numbers in some groups.
The ﬁnal multivariable model was used to
create a Hematuria Risk Index to predict
cancer risk. Factors with higher odds ratios
in the model (history of gross hematuria and
age of 50 years or older) were given 4 points,
whereas factors with lower odds ratios (history
of smoking, male sex, and >25 RBC/HPF on
a recent urinalysis) were given 1 point. On
this basis, the Hematuria Risk Index can range
from 0 to 11 points. We observed natural
breaks in the scores that grouped the patients
into low, moderate, and high risk of cancer
with 0 to 4 points, 5 to 8 points, and 9 to
11 points, respectively. The AUC for the full
multivariable model was 0.850, whereas the
AUC was 0.809 for the Hematuria Risk Index
and 0.801 for the 3 risk groups (Figure).
When the multivariable logistic regression
model from the test cohort was applied in the
validation cohort, all 5 factors were predictive
of cancer, although there was modest change
in the magnitude of the odds ratios of the
predictors. However, the overall predictive
ability of the Hematuria Risk Index was higher
than in the original cohort (AUC ¼ 0.829) and
remained nearly as high when compressed to
the 3 risk groups (AUC ¼ 0.783).
Mayo Clin Proc. n XXX 2013;nn(n):1-10
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The Hematuria Risk Index was also associated with cancer stage in the combined cohort
(test for trend, P¼.01, Table 3). All 3 cancers
in the low-risk group were stage Ta bladder
cancer; 11 of 13 stage T2 and T3 cancers
(bladder) were in the high-risk group.
DISCUSSION
In this prospective cohort study, we found
that microscopic hematuria is an unreliable
indicator of urothelial or renal malignant
tumors. An extremely small proportion of
patients with microscopic hematuria are subsequently found to have cancer, conﬁrming our
previous retrospective results.12 In fact, most
malignant tumors can be identiﬁed by a history
of gross hematuria, a far more reliable indicator
of the need for urologic evaluation and imaging.
This ﬁnding suggests that a large number of
follow-up examinations, which often include
radiologic and invasive procedures, could be
safely avoided.
Previous studies have identiﬁed risk
factors that might suggest more serious ﬁndings in patients with asymptomatic microscopic hematuria.7,13 As in other studies, we
found that a history of gross hematuria, age,
sex, and smoking history were predictive of
malignant tumors. The degree of microscopic
hematuria, however, was only suggestive of
malignant tumors. Our previously reported
ﬁndings from a retrospective analysis of
156,691 patients with hematuria suggested
that low-grade hematuria (<25 RBC/HPF)
was not a reliable indicator of the presence
of urologic malignant tumors; the overall 3year incidence of urinary tract cancer was
only 0.43%.12 Mariani et al3 reported that
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TABLE 2. Factors Associated With Cancer Detection in the Test and Validation Cohorta
No. (%) of patients in the test cohort
Factor
Sex
Female
Male
Age (y)
<40
40-49
50-59
60-69
70
Age (y)
<50
50
History of gross hematuria
No
Yes
Race
Asian/Paciﬁc Islander
Black
Hispanic
Native American
Other
Unknown
White
Tobacco use
Missing
Never
Passive
Quit
Current
Ever used tobacco
Missing
No
Yes
RBC/HPF on most
recent urinalysis
Missing
0-3
4-10
11-25
26-50
51
At least 25 RBC/HPF
on recent urinalysis
No
Yes
Bladder neoplasm
Renal neoplasm
Risk group
Low
Moderate
High
a

No cancer
(n¼2580)

Cancer
(n¼50)

1464 (99.2) 12 (0.8)
1116 (96.7) 38 (3.3)
319
506
703
573
479

(100) 0 (0.0)
(99.4) 3 (0.6)
(98.5) 11 (1.5)
(97.1) 17 (2.9)
(96.2) 19 (3.8)

Unadjusted OR
(95% CI)

No. (%) of patients in the validation cohort

Adjusted OR
(95% CI)

1
1
4.15 (2.16-7.99) 2.50 (1.22-5.10)
0
1
2.64 (0.73-9.51)
5.00 (1.46-17.2)
6.69 (1.97-22.8)

.b
.
.
.
.

No cancer
(n¼1723)

Cancer
(n¼61)

880 (98.9)
843 (94.3)

10 (1.1)
51 (5.7)

180
317
453
391
382

2
9
16
34

(100)
(99.4)
(98.1)
(96.1)
(91.8)

0
(0.6)
(1.9)
(3.9)
(8.2)

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

1
1
5.33 (2.69-10.6) 2.93 (1.41-6.09)
0
1
3.15 (0.68-14.7)
6.49 (1.48-28.4)
14.1 (3.36-59.2)

.
.
.
.
.

825 (99.6) 3 (0.4)
1755 (97.4) 47 (2.6)

1
1
497 (99.6)
7.36 (2.29-23.7) 16.3 (2.22-119) 1226 (95.4)

2 (0.4)
59 (4.6)

1
1
11.9 (2.89-48.8) 13.7 (1.86-101)

2232 (99.2) 19 (0.8)
348 (91.8) 31 (8.2)

1
.
1269 (98.5)
10.5 (5.85-18.7) 9.89 (5.20-18.8) 454 (91.5)

19 (1.5)
42 (8.5)

1
1
6.16 (3.55-10.7) 4.30 (2.27-8.14)

(0.03-1.58)
(0.85-3.91)
(0.19-1.56)
(0.39-24.9)
(0.10-1.81)
(0.06-0.47)
1

.
.
.
.
.
.
.

104
102
166
7
87
363
894

(96.3)
4
(95.3)
5
(98.2)
3
(100)
(98.9)
1
(299.7) 1
(95)
47

(3.7)
(4.7)
(1.8)
0
(1.1)
(0.3)
(5)

0.73 (0.26-2.07)
0.93 (0.36-2.40)
0.34 (0.11-1.12)
0
0.22 (0.03-1.60)
0.05 (0.01-0.38)
1

.
.
.
.
.
.
.

.
.
1486 (98.7) 19 (1.3)
23 (100)
0
773 (97.0) 24 (3.0)
298 (97.7) 7 (2.3)

.
1
0
2.43 (1.32-4.46)
1.84 (0.77-4.41)

.
.
.
.
.

3
956
20
536
208

(0.2)
(98.1)
(95.2)
(94.2)
(96.3)

0
(1.9)
(4.8)
(5.8)
(3.7)

.
1
2.52 (0.32-19.7)
3.10 (1.74-5.50)
1.94 (0.84-4.48)

.
.
.
.
.

.
.
1486 (98.7) 19 (1.3)
1094 (97.2) 31 (2.8)

.
.
1
1
2.22 (1.25-3.94) 1.48 (0.78-2.81)

160
169
251
11
160
838
991

185
631
658
241
334
531

592
1807
4
1

(99.4) 1
(94.9) 9
(98.4) 4
(91.7) 1
(98.8) 2
(99.5) 4
(97.2) 29

(0.6)
(5.1)
(1.6)
(8.3)
(1.2)
(0.5)
(2.8)

(97.4) 5 (2.6)
(99.4) 4 (0.6)
(98.5) 10 (1.5)
(96.4) 9 (3.6)
(97.9) 7 (2.1)
(97.3) 15 (2.7)

0.21
1.82
0.54
3.11
0.43
0.16

2.40
5.89
3.31
4.46

.
1
(0.75-7.68)
(1.80-19.3)
(0.96-11.4)
(1.47-13.5)

.
.
.
.
.
.

(98.2) 11 (1.8)
1
1
(98.2) 34 (1.8) 1.01 (0.51-2.01) 1.26 (0.62-2.57)
(8.3) 44 (91.7)
.
.
(14.3) 6 (85.7)
.

872 (99.7) 3 (0.3)
1
1471 (98.9) 16 (1.1) 3.16 (0.92-10.9)
237 (88.4) 31 (11.6) 38.0 (11.5-125)

.
.
.

3 (0.2)
956 (98.1)
764 (94.8)

19
1
33
8

0
19 (1.9)
42 (5.2)

422
255
404
181
144
317

(24.5) 10 (16.7)
(97.3)
7 (2.7)
(98.8)
5 (1.2)
(997.3) 5 (2.7)
(96.6)
5 (3.4)
(91.6) 29 (8.4)

484
817
3
2

(98)
(95.2)
(5.1)
(28.6)

10
41
56
5

.
.
1
1
2.77 (1.60-4.79) 1.88 (1.01-3.53)

0.45
1.01
1.26
3.33

.
1
(0.14-1.44)
(0.32-3.24)
(0.39-4.06)
(1.44-7.73)

.
.
.
.
.
.

(2)
1
1
(4.8) 2.43 (1.21-4.89) 2.29 (1.12-4.71)
(94.9)
.
.
(71.4)

553 (3100)
0
0
845 (97.5) 22 (2.5)
1
325 (89.3) 39 (10.7) 4.61 (2.69-7.89)

.
.
.

CI ¼ conﬁdence interval; OR ¼ odds ratio; RBC/HPF ¼ red blood cells per high-power ﬁeld.
Ellipses indicate data not available/applicable.
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12.0
11.0
Observed cancer detection rate (%)

because of the intermittent nature of hematuria,
more than one positive specimen should be
obtained before recommending full evaluation.
Furthermore, only high-grade hematuria (>50
RBC/HPF or gross hematuria) was a clear
risk factor, and lower degrees of hematuria at
any level or frequency were not reliable indicators of signiﬁcant ﬁndings. In their series of
1000 patients, the risk of ﬁnding a genitourinary tract malignant tumor was 6.36 times
higher in patients with a history of gross hematuria, which is similar to our odds ratio of 7.2
in our combined cohorts. This ﬁnding has
been corroborated in other reports, yet recommendations for evaluation have remained
largely unchanged for 20 years.14 In our study,
the odds of cancer detection for patients with
2 positive urinalysis results was not signiﬁcantly different from that of patients with
only 1 positive urinalysis result (P¼.89, AUC
¼ 0.504). Thus, a history of gross hematuria
may be a far more reliable indicator of urologic
malignant tumors than random urinalysis
screening with any degree of microscopic
hematuria.
Prior studies have suggested an age cutoff of
40 years, particularly for women, to stratify as
very low risk.4,5 The 2012 AUA asymptomatic
microscopic hematuria guideline now recommends evaluation of persons as young as 35
years.6,15-19 Our study suggests that a designation of low risk may be safely extended to 50
years of age; however, risk of urinary tract
malignant tumors still predominates in males.
A number of nontrivial risks are associated
with the workup of microscopic hematuria.
Radiation exposure due to unnecessary CT is
a known and likely preventable risk.20 Brenner
and Hall21 reported that up to 2% of future
malignant tumors might be iatrogenic due to
CT radiation exposure. A 0.4% risk of cancer
due to CT radiation was reported, with the
highest risk in patients younger than 40 years.
In addition, published studies on CT exposure
consistently report higher exposure rates for
women vs men. More selective criteria have
been proposed with respect to CT to reduce
radiation risk in younger patients for other
types of cancer screening.22 In the evaluation
of microscopic hematuria, intravenous pyelography plus renal ultrasonography has been
recommended to reduce radiation exposure,
yet achieve some measure of surveillance,

11.6%

Test cohort
Validation cohort

10.7%

10.0
9.0
8.0
7.0
6.0
5.0
4.0
2.5%

3.0
2.0
1.0

1.1%
0.3%

0.0

0.0%
Low

Moderate
Hematuria risk index

High

FIGURE. Comparison of cancer detection rates in test and validation
cohorts.

albeit at lower diagnostic resolution.13,22
Serious adverse events are rare with cystoscopy; however, urinary tract infection and
sepsis have been reported.3 Taken together,
these risks necessitate a sizable and demonstrable beneﬁt from the workup of microscopic
hematuria. Unfortunately, no algorithm has yet
been recommended to improve the existing
guideline.23
For malignant ﬁndings, the incidence of
renal cancer was extremely low in our study
(0.3%), and no ureteral or transitional cell carcinomas of the upper urinary tract were identiﬁed
in either cohort. On the basis of prior screening
studies, microscopic hematuria does not appear
to be predictive of renal cancer. In the report by
Wolf,24 a screening study of more than 6000
individuals 50 to 79 years old, the incidence
of pathologically conﬁrmed renal cancer was
similarly low (0.33%).25
Although the main focus of the evaluation of
patients with asymptomatic microscopic hematuria is to detect malignant tumors, microscopic
hematuria can also be associated with other
nonmalignant conditions, including renal
parenchymal and glomerular diseases, urolithiasis, and prostatic bleeding. Indeed, our
evaluations identiﬁed clinically important
nonmalignant causes of hematuria. However,
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TABLE 3. Final Pathologic Classiﬁcation of Cancers (Combined Cohorts)a,b
Hematuria risk index
0-4 (Low)
5-8 (Moderate)
9-11 (High)

Tis (n¼4)

Ta (n¼58)

T1 (n¼36)

T2 (n¼10)

T3 (n¼3)

Total (N¼111)

0
2 (5.3)
2 (2.9)

3 (100)
19 (50.0)
36 (51.4)

0
15 (39.5)
21 (30.0)

0
2 (5.3)
8 (11.4)

0
0
3 (4.3)

3
38
70

a

Values are presented as No. (percentage).
Ten patients (4 high risk, 6 moderate risk) had no cancer found on ﬁnal pathologic examination. One high-risk patient had no pathologic evidence of cancer, but clinical
evidence pointed to Ta renal cancer.

b

only a small proportion (1%) of patients were
found to have glomerular disease, likely because
of the proper hematuria evaluation by primary
care physicians in our system. Our guidelines
mirror generally accepted recommendations
to refer patients for nephrologic evaluation in
the presence of hematuria with associated renal
insufﬁciency, proteinuria, hypertension, or dysmorphic red blood cells. Likewise, few patients
were found to have concomitant urinary tract
infection (2.7%) because guidelines recommend repeated urinalysis testing after adequate
treatment of urinary tract infection. None of the
nonmalignant ﬁndings identiﬁed would have
required multiphasic abdominal or pelvic CT
to make the appropriate diagnosis.
This study has several potential limitations
that should be taken into consideration when
interpreting our results. Not all urologists
participated in the data collection; therefore,
not all patients who may have undergone
microhematuria evaluation were included in
either cohort, and these patients may be
systematically different from those who were
included. Data were entered for only 50% of
patients who underwent cystoscopy for microhematuria during the period. The similarity in
cancer diagnosis rates among those followed
up according to plan vs not, however, suggests
that this likely played only a small role. In
addition, few sizeable differences were identiﬁed between the 2 large cohorts, which varied
in geography and urologists. All study participants were from the West Coast of the United
States (California and Oregon), and the Hematuria Risk Index may require assessment
before recommending use elsewhere because
variations in race, smoking habits, and carcinogenic exposure may inﬂuence index performance. Demographic variation in referral by
region may have played a role in the modest
differences seen in the cancer detection rates
between the test and validation cohorts (1.9%
8
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vs 3.4%). The test cohort was younger on
average and had a higher percentage of female
patients referred for evaluation. In addition,
nearly twice as many patients had a history of
gross hematuria in the validation cohort
compared with the test cohort.
Because the recording of the speciﬁc patient
data was voluntary and the study crossed
different health plan regions and years, several
sensitivity analyses were performed to determine whether the results were consistent. To
further address potential selection bias, we
examined the patients of physicians who
entered at least 50 cases during the study
because we believed these physicians were
most likely to enter all of their patients and
not just the “interesting” ones. In the initial
cohort this group comprised 62% of patients
and 65% of those with cancer, and the Hematuria Risk Index also predicted cancer detection
in the total cohort (AUC ¼ 0.811 in this subset
vs 0.809 in the entire cohort). In the validation
cohort, 51% of patients, comprising 52% of
those with cancer, were identiﬁed by physicians
entering data on at least 50 patients. The Hematuria Risk Index was strongly predictive in this
group (AUC ¼ 0.823 vs 0.833 in the full
cohort). Subgroups by region were also examined, and although some differences were found
in rates of cancer and distribution of predictors,
the risk score predicted similarly well across
regions, with AUCs ranging from 0.789 in the
Paciﬁc Northwest validation cohort to 0.866
in the southern California validation cohort.
In all regions, the low-risk group had a less
than 0.5% risk of cancer, whereas the highrisk group had a greater than 10% risk.
This study was based on real-world outpatient referrals from primary care physicians
in an integrated care setting. All patients
were referred with asymptomatic microscopic
hematuria. No patients underwent evaluation
on the basis of dipstick urinalysis results,
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eliminating potential overdetection bias.10,11
Reﬂective of historical referrals and what we
believe is typical from primary care physicians,
most patients met the criteria of 2 of 3 positive
urinalysis results of 3 or more RBC/HPF. All
patients speciﬁcally referred for gross hematuria were excluded from this study. Interestingly, despite the fact that all patients
referred had a history of asymptomatic microscopic hematuria, a large number of those
with gross hematuria did not have a history
of gross hematuria in the past 6 months documented by their primary care physicians. This
ﬁnding, combined with the importance of this
risk factor in predicting urinary tract malignant tumors, highlights the importance of
obtaining a detailed history from all patients
identiﬁed as having microscopic hematuria,
speciﬁcally asking if they have ever seen blood
in their urine. On the basis of our ﬁndings, the
risk of identifying a urinary tract cancer in
anyone younger than 50 years without a
history of gross hematuria is close to zero.
Since the 2001 AUA guideline was published
and recently updated, the predominant imaging
modality to screen for microscopic hematuria
has become multiphasic abdominal and pelvic
CT, in which the risk of carcinogenic ionizing
radiation is inversely related to the age at exposure. In 2009, the Canadian Urologic Association
revised their recommendations for the evaluation of patients with asymptomatic microscopic
hematuria. Citing limited evidence and radiation
(and intravenous contrast) risk, they now recommend ultrasonography as the imaging test of ﬁrst
choice.26 Others, including the Dutch Association of Urology, are following a similar risk-based
strategy in an attempt to minimize radiation
exposure risk in patients with hematuria who
have a low likelihood of development of malignant tumors.27 Recently, the AUA published
updated guidelines for the diagnosis, evaluation,
and follow-up of asymptomatic microscopic
hematuria in adults. The new guidelines recommend a thorough urologic evaluation of all
asymptomatic patients 35 years and older who
have a single urinalysis result with 3 RBC/HPF
or more, consisting of multiphasic CT urography
and cystoscopy. Of the 19 guideline statements,
none cite evidence strength above grade C.
Furthermore, the AUA cited the need to report
strong observational research because asymptomatic microhematuria is a common sign in
Mayo Clin Proc. n XXX 2013;nn(n):1-10
www.mayoclinicproceedings.org
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which widespread screening takes place in the
absence of good evidence.6 This recommendation is particularly important because microscopic hematuria is ubiquitous in the general
population. Fortunately, only a small percentage
of patients with asymptomatic microscopic
hematuria are referred for diagnostic evaluation.7,10 In our patient population, which represents a real-world general health care setting, less
than 2.1% of patients in the test cohort who had
2 positive urinalysis results and 1.7% who had 1
positive urinalysis result were referred for diagnostic evaluation. However, as electronic health
records with computerized decision support
become more commonplace, it is possible that
many more asymptomatic patients with microscopic hematuria will be identiﬁed and referred,
which could lead to many more potentially
unnecessary evaluations unless different
screening guidelines are implemented. To this
end, balanced strategies that weigh risk vs beneﬁt
may lead to better population outcome.
CONCLUSION
These data suggest that microscopic hematuria
is an unreliable indicator of urinary tract
malignant tumors. Patients with microscopic
hematuria younger than 50 years and with
no history of gross hematuria may not beneﬁt
from further evaluation and therefore could
avoid unnecessary risk from radiation exposure and invasive endoscopy. These ﬁndings
may be used to simplify referral guidelines
for evaluation in asymptomatic patients with
microscopic hematuria and reduce the number
of unnecessary evaluations.
Abbreviations and Acronyms: AUA = American Urological Association; AUC = area under the receiver operating
characteristic curve; CT = computed tomography; RBC/
HPF = red blood cells per high-power ﬁeld
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