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Abstract.
Background: Hematuria is the most common presenting symptom in bladder cancer, but many patients are not adequately
evaluated.
Objectives: To evaluate the type and frequency of hematuria evaluation in a large public health care system.
Patients and Methods: Electronic medical records of adult patients with urinalysis positive for hematuria (≥3 RBCs/HPF)
from January 2015 to April 2018 in an outpatient setting were reviewed. Logistic regression was performed to determine
factors associated with urology referral and complete evaluation.
Results: 11,422 patients met the inclusion criteria; the majority were females (72%) and white race (60%). There were
an additional 3,221 patient’s with initial diagnosis of UTI. Median age was 49.0 years. Testing included repeat urinalysis
(50%), imaging (26%), urology referral (11.4%), cystoscopy (4.4%) and complete evaluation defined as cystoscopy and
US/CT/MRI (4%). In the multivariable analysis, factors independently associated with higher referral to urology were age
>35, male gender, hypertension, RBCs ≥20. African American race was associated with less referral to urology. Smoking
was a significant variable on univariable analysis only. 37 patients (0.25%) were diagnosed with urological malignancies,
with bladder cancer in 33, 12 of whom are missed by excluding UTI patients.
Conclusions: In the outpatient setting of a public health care system, the vast majority of patients with hematuria are not
referred and evaluated properly across all age categories and regardless of smoking status. This might result in missed cancer
diagnoses and requires quality improvement measures.
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INTRODUCTION

Hematuria is the presenting symptom in the
vast majority of bladder cancer patients. Asymp-
tomatic microscopic hematuria (AMH) is a relatively
common incidental finding in apparently healthy
individuals, with reported rates of 9–18% in large
screening studies [1]. The incidence of urological
malignancies, primarily bladder and kidney can-
cers, diagnosed following the evaluation of hematuria
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varies from 2–5% in the setting of AMH in referred
populations, reaching up to 10–20% in those with
gross hematuria [2–7]. Prompt evaluation of this pre-
sentation can lead to earlier diagnosis of cancer with
possible improved survival [8].

Historically the definition for AMH ranged from
1 to more than 10 red blood cells (RBC’s) [9]. The
American Urological Association (AUA) guidelines
published in 2012 and revised in 2016 define micro-
scopic hematuria as 3 or more RBC’s and strongly
recommend evaluation with cross-sectional imaging
using multiphasic computed tomography (CT) along
with cystoscopic evaluation of all patients aged 35
years or older without explained benign cause of the
hematuria [10]. While the AUA guideline recommen-
dations, if followed, would identify most cases of
cancer, there is evidence in multiple studies that many
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patients with hematuria are not adequately evaluated
[11–14].

The current recommended evaluation of hema-
turia, in particular that of AMH, is low yield,
expensive, and subjects patients to high doses of CT-
associated radiation. The cost-effectiveness model
developed by Halpern et al. showed that ultrasound
coupled to cystoscopy was most cost-effective at
$53,000 per cancer, while replacing ultrasound with
CT resulted in the diagnosis of one additional cancer
at an incremental cost of more than 6 million dollars
[15]. These results call for rethinking the diagnostic
algorithm, and to base the evaluation of patients on
individual risk factors for genitourinary (GU) malig-
nancies such as age, gender and carcinogen exposure
[11, 16, 17].

Meanwhile, many studies point to the incomplete
evaluation of patients with microscopic hematuria
with low rates of referral, as well as the inconsistency
of such referrals across healthcare systems [12, 13,
18, 19]. Most of these studies focus on health care sys-
tems in which the patients have insurance and ready
access to care. We sought to evaluate the patterns
of referral and complete evaluation for microscopic
and gross hematuria in a large public health care sys-
tem. We also recognize that there is often a delay of
diagnosis in women due to presumed urinary tract
infection (UTI) and wanted to assess the impact of
this diagnosis on evaluation and cancer rates.

PATIENTS AND METHODS

After obtaining the approval of the Institutional
Review Board, the electronic medical records of the
Parkland Health and Hospital Systems were retro-
spectively queried for patients with urinalysis (UA)
with ≥3 RBC per high power field (RBC/HPF) from
January 2015 to April 2018, allowing for 3 months of
follow-up after the UA results. Parkland Health and
Hospital Systems includes a central hospital as well as
12 health outpatient centers, 12 school-based clinics
and five mobile vans. In 2018, there were 1,037,320
outpatient visits, 242,640 emergency room visits and
72,341 hospital discharges.

Inclusion Criteria:

1. Age of 18 or above
2. ≥3 RBC/HPF on a UA performed in the outpa-

tient clinic or the emergency room

Exclusion Criteria:

1. UA performed in the inpatient setting

2. Patients with prior visits in any urology,
nephrology, or oncology clinics prior to the date
of the positive UA

3. Prior kidney transplantation

Demographic information about age, gender, race,
smoking, and major comorbidities like diabetes mel-
litus, hypertension, and obesity was collected, along
with other information related to the positive UA
and the subsequent medical care, including repeat
UA, urine culture, cytology, imaging pertinent to the
diagnosis, referral to urology for completion of evalu-
ation, and final diagnosis. Age and number of RBC’s
on UA were quantified. Complete evaluation was left
to the discretion of the treating urologist and defined
as receiving upper tract imaging and endoscopic eval-
uation of the bladder. GU malignancy was reported
as bladder or kidney cancer diagnosed as part of the
evaluation of the hematuria. We excluded patients
with prior history of prostate cancer. All charts of
patient with GU malignancy were examined for stage
and grade of the malignancy. The primary analysis
excluded patients who were initially diagnosed with
a UTI but a secondary analysis included patients who
had initial diagnosis of UTI.

Chi-square and Mann Whitney U tests were used to
evaluate categorical and continuous variables respec-
tively. Univariable and multivariable binary logistic
regression analyses were performed to identify fac-
tors associated with referral to urologic evaluation,
and with completion of evaluation. Statistical tests
were performed using SPSS version 25.0 (Armonk,
NY: IBM Corp.).

RESULTS

The cohort consisted of 11,422 patients who sat-
isfied the inclusion criteria over the 40 months
period, with a median age of 49.0 (interquartile range
[39.0–60.0]) years, and 67% of subjects aged between
35 and 65 years. Our cohort consisted of predomi-
nantly females (72%) and those of white (including
Hispanic) race (60%). Demographic data are pre-
sented in Table 1. The cohort was divided into patients
who were referred to urology for evaluation and those
who were not referred, with cystoscopic evaluation
performed by only urologists.

The number of RBC’s on initial UA was 3–19 in
9,933 patients (87% of the total cohort), but only
1,005 (10.1%) of those were referred to urology.
The type and frequency of different tests performed
in referred and non-referred populations is shown
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Table 1
Demographic variables and stratifications according to urology referral

Total Number Not Referred (% from total) Referred (% from total) p-value
11422 10116 (88.6%) 1306 (11.4%) –

Gender Male 3193 2501 (78.3%) 614 (21.7%) <0.001
Female 8229 7615 (92.5%) 542 (7.5%)

Age: median [IQR], years 49.0 [39.0–60.0] 49.0 [38.0–60.0] 54.0 [44.0–62.0] <0.001
Age <35 1923 1798 (93.5%) 125 (6.5%) <0.001

35–50 3810 3455 (90.7%) 355 (9.3%)
50–65 3852 3283 (85.2%) 569 (14.8%)
65–80 1568 1353 (86.3%) 215 (13.7%)
>80 269 227 (84.4%) 42 (13.6%)

Race White 6889 6072 (88.1%) 817 (11.9%) 0.130
Black 3787 3392 (89.6%) 395 (10.4%)

Hispanic* 10 8 (80.0%) 2 (20.0%)
Asian 477 413 (86.6%) 64 (13.4%)
Indian 29 28 (96.6%) 1 (3.4%)
Pacific 33 28 (84.8%) 5 (15.2%)

Unknown 197 175 (88.8%) 22 (11.2%)
UA RBC 3–19 9933 8928 (89.9%) 1005 (10.1%) <0.001

20–49 596 456 (76.5%) 140 (24.5%)
50–99 399 336 (84.2%) 63 (15.8%)
>99 494 396 (80.2%) 98 (19.8%)

DM Yes 3386 3005 (88.7%) 381 (11.3%) 0.692
No 8036 7111 (89.5%) 925 (10.5%)

HTN Yes 5032 4394 (87.3%) 638 (12.7%) <0.001
No 6390 5722 (90.8%) 668 (9.2%)

Obesity Yes 666 606 (91.0%) 60 (9.0%) 0.043
No 10756 9510 (88.4%) 1246 (11.6%)

Tobacco use Never 7423 6682 (90.0%) 741 (10.0%) <0.001
Former 2174 1859 (85.5%) 315 (14.5%)
Current 1825 1575 (86.3%) 250 (13.7%)

Repeat UA Yes 5720 4788 (83.7%) 932 (16.3%) <0.001
No 5702 5328 (93.4%) 374 (6.6%)

Imaging Yes 3637 2636 (72.5%) 1001 (27.5%) <0.001
No 7785 7480 (96.1%) 305 (3.9%)

Cystoscopy Yes 508 0 (0.0%) 508 (100%) <0.001
No 10914 10116 (92.7%) 798 (7.3%)

Complete Evaluation Yes 462 0 (0%) 462 (100%) <0.001
No 10960 10116 (92.3%) 844 (7.7%)

IQR: interquartile range; UA: urinalysis; RBC: red blood cells; DM: diabetes mellitus; HTN: hypertension; UTI: urinary tract infection.
*Most Hispanic patients are identified as white.

in Figs. 1 and 2. Figure 1 shows the population
when excluding patients with initial diagnosis of
UTI. Figure 2 shows evaluation in patients with ini-
tial diagnosis of UTI. Repeat UA was performed in
5,720 patients (50%) including 4,788 (47.3%) and
932 (71.4%) in non-referred and referred populations,
respectively (p < 0.001). Cystoscopic evaluation in
clinic or in the operating room was performed in
508 patients, and it was complemented by upper tract
imaging in 462 patients. Imaging was performed in
a total of 3,637 patients, including 2,636 (26%) and
1,001 (76.6%) of those who were not referred and
referred, respectively (p < 0.001). In both referred and
non-referred populations, renal US was used slightly
more than CT abdomen/pelvis.

Univariable analysis was used to evaluate predic-
tors of urology referral (Table 2). Female gender
(Odds Ratio = 0.29, p < 0.001) and African-American
race (OR = 0.87, p = 0.026) were associated with
lower referral. Age, UA with RBC/HPF ≥20, hyper-
tension as a comorbidity (OR = 1.24; p < 0.001),
prior history or current smoking status (prior:
OR = 1.53, p < 0.001; current: OR = 1.43, p < 0.001),
and repeated UA (OR = 2.77, p < 0.001) were all
associated with higher referral to urology. On
multivariable analysis, female gender (OR = 0.31,
p < 0.001), age, UA with RBC/HPF ≥20 (OR 3.12,
p < 0.001), hypertension (OR = 1.16; p = 0.032), and
repeated UA (OR = 2.64, p < 0.001) all retained their
significant association with referral (female gender
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Fig. 1. Distribution of testing performed in hematuria population. Uro = urology; UA: urinalysis; UCx: urine culture CT: computed tomog-
raphy; US: ultrasound; MRI: magnetic resonance imaging; IVP: intravenous pyelography. The numbers for imaging performed are not
mutually exclusive as more than one imaging modality could be used in each patient.

Fig. 2. Work-up and upper tract imaging in patients with hematuria excluded from initial cohort. Uro = urology; UA: urinalysis; UCx: urine
culture CT: computed tomography; US: ultrasound; MRI: magnetic resonance imaging; IVP: intravenous pyelography. The numbers for
imaging performed are not mutually exclusive as more than one imaging modality could be used in each patient.

predicted lower rates of referral), while smoking
status was no longer an independent predictor of
recurrence (OR = 1.08, p = 0.36).

Table 3 shows predictors of completed evalua-
tion which included cystoscopic evaluation and upper
tract imaging. Factors including male gender, age,
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Table 2
Predictors of urology referral on univariable and multivariable regression analyses

UVA UVA MVA MVA
OR (95% CI) p-value OR (95% CI) p-value

Gender Female 0.29 (0.26–0.33) <0.001 0.31 (0.27–0.35) <0.001
Age <35 Ref Ref Ref Ref

35–50 1.48 (1.20–1.83) <0.001 1.49 (1.20–1.86) <0.001
50–65 2.49 (2.04–3.05) <0.001 2.35 (1.89–2.92) <0.001
65–80 2.29 (1.81–2.88) <0.001 2.43 (1.88–3.14) <0.001
>80 2.66 (1.83–3.88) <0.001 2.82 (1.88–4.23) <0.001

Race White Ref Ref Ref Ref
Black 0.87 (0.76–0.98) 0.026 0.80 (0.70–0.92) 0.001
Hispanic* 1.86 (0.39–8.77) 0.434 1.62 (0.32–8.17) 0.558
Asian 1.15 (0.88–1.51) 0.311 1.11 (0.83–1.48) 0.487
Indian 0.27 (0.04–1.96) 0.193 0.26 (0.03–1.93) 0.187
Pacific Islander 1.33 (0.51–3.45) 0.561 0.98 (0.39–2.48) 0.153
Unknown 0.93 (0.60–1.46) 0.767 0.86 (0.54–1.37) 0.524

UA RBC 3–19 Ref Ref Ref Ref
20–49 2.73 (2.23–3.33) <0.001 3.12 (2.51–3.87) <0.001
50–99 1.67 (1.26–2.20) <0.001 2.14 (1.60–2.86) <0.001
>99 2.20 (1.75–2.77) <0.001 3.25 (2.53–4.16) <0.001

DM Yes 1.03 (0.90–1.17) 0.692 – –
HTN Yes 1.24 (1.11–1.40) <0.001 1.16 (1.01–1.32) 0.032
Obesity Yes 0.76 (0.58–0.99) 0.043 0.99 (0.74–1.31) 0.929
Tobacco Never Ref Ref Ref Ref

Former 1.53 (1.33–1.76) <0.001 0.98 (0.84–1.14) 0.771
Current 1.43 (1.23–1.67) <0.001 1.08 (0.91–1.28) 0.359

Repeat UA Yes 2.77 (2.44–3.15) <0.001 2.64 (2.32–3.01) <0.001

UVA: univariable analysis; MVA: multivariable analysis; OR: odds ratio; UA: urinalysis; RBC: red blood
cells; DM: diabetes mellitus; HTN: hypertension; UTI: urinary tract infection. *Most Hispanic patients are
identified as white.

RBC count on UA, and repeated UA continued
to be significant on both univariable and multi-
variable analyses. However, African-American race
was associated with lower rate of complete evalua-
tion (OR = 0.73, p = 0.004 and OR = 0.66, p < 0.001
on univariable and multivariable analyses, respec-
tively) and Asian race was associated with higher
rate of complete evaluation (OR = 1.65, p = 0.008 and
OR = 1.66, p = 0.01 on univariable and multivariable
analyses, respectively). Hypertension as comorbid-
ity and smoking status were both insignificant on
multivariable analysis.

Urothelial (bladder and upper tracts) or renal
malignancies were diagnosed in 24 patients in the
initial cohort which represents an incidence in entire
population of 0.21% and was 1.8% among referred
population and 5.2% among those who had a com-
plete evaluation. Bladder cancer accounted for the
majority (n = 20). Four patients had Ta disease, and
3 of those had low grade disease. One patient had
an invasive upper tract urothelial carcinoma of the
renal pelvis, and 3 patients had renal cell carcinoma
with stages of T1a, T1b, and T3a (Tables 4 and 5).
The hematuria was not attributed to a GU diagnosis
in 69.6% and 57.5% when excluding and reincluding

UTI patients in the cohort, respectively (Tables 6 and
7).

The initial cohort of patients with ≥3 RBC/HPF
consisted of 14,663 patients and in the analyses
above, we excluded 3,241 patients with a diagnos-
tic code of UTI at initial assessment. However, we
noted that many of these patients were subsequently
referred to urology. We re-analyzed the data to deter-
mine what additional testing was performed in these
patients and found similar association with referral as
in patients without UTI on initial diagnosis (demo-
graphic distribution and logistic regression analyses
in Supplementary Tables 1-3). Among the patients
excluded for a UTI diagnosis, 13 additional patients
were diagnosed with bladder cancer, 5 of whom had at
least muscle-invasive disease and 11 had high-grade
disease.

When reviewing the charts of all 37 patients with
urologic malignancy and 3–19 RBCs/HPF, we noted
that 16 had a repeat UA of whom 13 had persistent
hematuria. Two of the 3 patients who had less than
3 RBCs on repeat UA had masses on imaging (one
bladder and one renal) and would have been diag-
nosed based on these criteria. Three patients did not
have repeat UA of whom one had a history of gross
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Table 3
Predictors of complete evaluation on univariable and multivariable regression analyses

UVA UVA MVA MVA
OR (95% CI) p-value OR (95% CI) p-value

Gender Female 0.38 (0.32–0.46) <0.001 0.45 (0.37–0.56) <0.001
Age <35 Ref Ref Ref Ref

35–50 1.85 (1.26–2.69) 0.002 1.82 (1.24–2.68) 0.002
50–65 3.06 (2.13–4.40) <0.001 2.78 (1.90–4.07) <0.001
65–80 2.86 (1.91–4.29) <0.001 2.87 (1.87–4.43) <0.001
>80 3.19 (1.72–5.92) <0.001 3.10 (1.63–5.93) 0.001

Race White Ref Ref Ref Ref
Black 0.73 (0.59–0.90) 0.004 0.66 (0.53–0.83) <0.001
Hispanic* 2.47 (0.31–19.5) 0.393 2.33 (0.28–19.2) 0.432
Asian 1.65 (1.14–2.39) 0.008 1.66 (1.13–2.44) 0.010
Indian 0.00 (0.00–.) 0.998 0.00 (0.00–.) 0.998
Pacific Islander 2.22 (0.67––7.31) 0.190 1.90 (0.55–6.55) 0.311
Unknown 0.94 (0.46–1.93) 0.864 0.93 (0.45–1.93) 0.842

UA RBC 3–19 Ref Ref Ref Ref
20–49 2.86 (2.13–3.84) <0.001 3.03 (2.23–4.12) <0.001
50–99 1.69 (1.09–2.60) 0.019 2.11 (1.35–3.29) 0.001
>99 2.10 (1.47–3.01) <0.001 2.87 (1.97–4.18) <0.001

DM Yes 0.86 (0.69–1.06) 0.147 – –
HTN Yes 1.33 (1.10–1.60) 0.003 1.06 (0.86–1.31) 0.580
Obesity Yes 1.13 (0.77–1.65) 0.535 – –
Tobacco Never Ref Ref Ref Ref

Former 1.51 (1.21–1.89) <0.001 1.08 (0.84–1.38) 0.545
Current 1.28 (1.10–1.81) 0.006 1.25 (0.96–1.63) 0.100

Repeat UA Yes 3.38 (2.71–4.20) <0.001 3.16 (2.53–3.95) <0.001

UVA: univariable analysis; MVA: multivariable analysis; OR: odds ratio; UA: urinalysis; RBC: red blood
cells; DM: diabetes mellitus; HTN: hypertension; UTI: urinary tract infection. *Most Hispanic patients are
identified as white.

hematuria while the other 2 had kidney cancer on
imaging.

DISCUSSION

This study to our knowledge is the largest report on
evaluation of hematuria in a public health care sys-
tem. Patients in this safety net health care system in
Dallas County have access to 10 outpatient primary
care clinics with a centralized hospital which has an
outpatient urology clinic. Most of the patients have
lower socioeconomic means and lack resources to
obtain care outside of this healthcare system. In our
study, we found a low rate of referral for hematuria
across all risk-categories of patients with hematuria.
Only 11.4% of the total cohort were ever evaluated in
a urology clinic, and only 462 patients (4%) under-
went complete evaluation. In our system, seeking
care outside this health care system is expected to
be minimal, and urology visits occur on the basis
of physician-to-physician referral. As such, patients
who meet criteria for referral based on AUA guide-
lines are all given an appointment. This means that
denial of an appointment with urology is not the cause

for low referral rates. While the rate of referral to
urology was low, it mirrors the rate reported in the
Kaiser Health Care System where 7,778 (2%) patients
were referred to urology from a cohort of 389,207
[11]. Perhaps these low referral rates are not surpris-
ing because when primary care physicians (PCP’s)
are asked about their referral patterns, less than half
recommended referral of patients with microscopic
hematuria despite their knowledge of its association
with bladder cancer, while up to one third would
refrain from referring high-risk patients with painless
gross hematuria [18, 20].

The risk factors for bladder cancer are established
with increasing age, male gender and smoking rep-
resenting the main risk factors for the disease [17].
When evaluating predictors of referral in our cohort,
age, gender, and high blood pressure were indepen-
dent predictors of referral to urology but smoking
history was not. This is concerning because smok-
ing is the main carcinogen associated with bladder
cancer and significantly increases the risk of dis-
ease. The number of RBCs was also a predictor of
referral. We did not have information on the pres-
ence of gross hematuria, but the number of RBCs did
impact decision making on the part of PCPs. Despite
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Table 4
Distribution of patients with genitourinary malignancy

Patients with Total number % among Additional patients
GU malignancy of patients by each with GU malignancy

(N = 24) category group initially presenting
(N = 11422) with UTI (N = 13)

Gender Male 15 3193 0.47% 3
Female 9 8229 0.11% 10

Age <35 0 1923 – 2
35–49 3 3810 0.08% 1
50–64 14 3852 0.36% 6
65–80 4 1568 0.26% 3
>80 3 269 1.11% 1

Race White/Hispanic 16 6899 0.23% 4
Black 6 3787 0.16% 7
Asian 2 477 0.42% 2
Indian 0 29 – 0
Pacific 0 33 – 0
Unknown 0 197 – 0

UA RBC 3–19 12 9933 0.12% 7
20–49 5 596 0.84% 0
50–99 1 399 0.25% 1
>99 6 494 1.21% 5

DM Yes 7 3386 0.21% 5
No 17 8036 0.21% 8

HTN Yes 13 5032 0.26% 4
No 11 6390 0.17% 9

Obesity Yes 3 666 0.45% 1
No 21 10756 0.20% 12

Tobacco use Never 10 7423 0.13% 6
Former 5 2174 0.23% 5
Current 9 1825 0.49% 2

Repeat UA Yes 20 5720 0.35% 12
No 4 5702 0.07% 1

Imaging Yes 22 3637 0.60% 13
No 2 7785 0.03% 0

GU: genitourinary; N: total number of patients; UA: urinalysis; RBC: red blood cells; DM: diabetes mellitus;
HTN: hypertension. *Most Hispanic patients are identified as white.

Table 5
Distribution of GU malignancies by organ, stage, and grade in patients excluding UTI and with initial diagnosis of UTI

Cancers Diagnosed in Cancers Diagnosed in Cohort with
Cohort Excluding UTI initial diagnosis of UTI

GU Malignancy by Organ N Stage (n) Grade (n) N Stage (n) Grade (n)

Bladder 20 pTa (4) Low (3) 13 pTa (5) Low (2)
pT1 (1) High (17) pT1 (3) High (11)

pT1 + CIS (1) pT1 + CIS (1)
pT2 (8) pT2 (1)

pT3-T4 (6) pT3-T4 (4)
Kidney 3 pT1a (1) F1-2 (2) 0 0

pT1b (1) F3-4 (1)
pT3a (1)

Upper Tracts 1 pT3 (1) High (1) 0 0

UTI: Urinary Tract Infection; GU: genitourinary; N: total number of patients with GU malignancy; n: number of patients with GU malignancy
in each category.

meeting AUA criteria for microhematuria and hav-
ing established risk factors, 78% of men, more than
85% of patients over 50 years of age, 80% of patients
with more than 99 RBCs/HPF and more than 85%
of current or former smokers were not referred for

evaluation. Similar to our present results in a public
hospital system, a previous study from our group eval-
uating patients in a private health care system found
that female gender and black race were associated
with lower referral, while older age, smoking sta-
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Table 6
Final presumed diagnosis for hematuria after exclusion of patients with urinary tract infections

GU Diagnosis Urology Referral No Urology Referral Total
(N = 1306) (N = 10116) (% from overall)

BPH 177 200 377 (3.3%)
Hydronephrosis 68 29 97 (0.8%)
GU Malignancy 24 0 24 (0.2%)
CKD 275 1894 2169 (19%)
Urolithiasis Kidney stone 277 194 471 (4.1%)
Ureteral stone 78 21 99 (0.9%)
Prostate Cancer 53 53 106 (0.9%)
Renal Cyst 64 62 126 (1.1%)
Urethral Diverticulum 1 5 6 (0.05%)
No GU Diagnosis 289 7658 7947 (69.6%)

N: total number of patients; GU: genitourinary; BPH: benign prostatic hyperplasia; CKD: chronic
kidney disease; UTI: urinary tract infection.

Table 7
Final presumed diagnosis for hematuria in the complete cohort including patients with urinary

tract infections

GU Diagnosis Urology Referral No Urology Referral Total
(N = 2099) (N = 12564) (% from overall)

BPH 286 248 534 (3.6%)
Hydronephrosis 148 59 207 (1.4%)
GU Malignancy 37 0 37 (0.25%)
CKD 467 2,231 2,698 (18.4%)
Urolithiasis Kidney stone 448 264 712 (4.9%)
Ureteral stone 124 25 149 (1.0%)
Prostate Cancer 76 67 143 (1.0%)
Renal Cyst 100 91 191 (1.3%)
Urethral Diverticulum 4 8 12 (0.08%)
UTI 803 2,448 3251 (22.2%)
No GU Diagnosis 570 7,864 8434 (57.5%)

N: total number of patients; GU: genitourinary; BPH: benign prostatic hyperplasia; CKD: chronic
kidney disease; UTI: urinary tract infection.

tus, and gross hematuria were associated with higher
referral [14]. A study by Friedlander et al. of 2,455
primary care patients aged 40 years or more and diag-
nosed with hematuria found that 13.7% of patients
underwent cystoscopy within 180 days. In this same
study, while age and gender were associated with cys-
toscopy and imaging, smoking was associated with
higher rate of imaging but not of cystoscopy [13]. The
AUA guidelines continue to emphasize that smoking
is a major risk factor that necessitates cystoscopic
evaluation, raising the concern that smoking is not
associated with urologic referral in our study or in
others.

One factor that likely impacts rates of referral is the
large discrepancy between rates of cancer in general
populations with hematuria when compared to can-
cer rates in referred populations. The rate of bladder
cancer in referred populations with microhematuria
ranges from 2–5%, but is significantly lower in stud-
ies evaluating general populations with hematuria

[10]. A retrospective study of more than 150,000
patients with hematuria reported a 3-year incidence of
urinary tract malignancy of 0.68% [21]. In the study
by Loo et al. including 1,117,542 patients of which
456,674 had microscopic hematuria on one UA and
389,207 had 2 positive UA results there were 100
bladder cancers diagnosed among 4414 patients eval-
uated (2.3%) and 11 renal cancers (0.2%) [11]. From
the urologist perspective the rate of cancers was 2.5%
since these were referred and evaluated but from the
PCP perspective there were 111 cancers from 456,674
or 0.02%. The cancer rates in our population of 0.21%
is in line with prior reports. While one recognizes that
there are likely some missed cancers among patients
that are not evaluated, there is a significant difference
in rates of cancer such that many PCPs end up refer-
ring many more patients than end up diagnosed with
disease.

One area of concern with bladder cancer is delay
in diagnosis. We noted that over 3,000 patients with
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hematuria had an initial diagnosis of UTI. This was
disproportionately seen in women. While UTIs can
lead to microscopic blood in the urine and it is not
recommended to refer these patients for evaluation,
many patients were still seen in urology and 13 of
3,241 patients were diagnosed with bladder cancer,
11 of whom had high-grade disease, and 5 had at
least muscle-invasive disease. In fact, a study of 1,318
patients with bladder and kidney cancer in the United
Kingdom (UK), 417 of whom were women, showed
that women were 2.5 fold (p < 0.001) more likely to
require 3 or more primary care consultations prior
to referral, which resulted in delayed diagnosis of a
urological malignancy [22]. Whether those advanced
cases could have been diagnosed earlier if investiga-
tion of hematuria was performed earlier could not be
determined. In our cohort more than half the patients
did not have a diagnosis to explain their hematuria
with the caveat that most did not have much evalua-
tion.

In an effort to improve referral and better identify
patients with disease, there have been several studies
to try to risk stratify patients [11–13, 18]. A “Hema-
turia Risk Index” used several factors with higher
odds ratios in their model (history of gross hema-
turia and age of 50 years or older) and assigned them
4 points, whereas factors with lower odds ratios (his-
tory of smoking, male sex, and > 25 RBC/HPF on
a recent UA) were given 1 point [11]. Similarly, a
“Hematuria Cancer Risk Score” comprised age, gen-
der, hematuria type, and smoking status with an area
under the curve of 0.77 and 0.84 for ROC curve
in the development and validation cohorts, respec-
tively. At a derived threshold of 4.015, the model
had a sensitivity of 98.6%, detecting an additional
11.4% of genitourinary malignancies that would have
been missed based on the NICE guidelines, and a
specificity of 30.5% compared to 12.6% when AUA
guidelines are followed strictly [23]. Other studies
incorporated risk factors such as age, gender, smok-
ing status, gross versus microscopic hematuria and
urine-based tumor markers to identify patients more
likely to have malignancy [24, 25].

A recent review was performed of the hema-
turia guidelines from the American Urological
Association; the consensus statement by the Cana-
dian Urological Association, Canadian Urologic
Oncology Group and Bladder Cancer Canada; the
American College of Physicians; the Joint Consen-
sus Statement of the Renal Association and British
Association of Urological Surgeons; and the National
Institute for Health and Care Excellence [26]. While

all the guidelines recommended evaluation of patients
without known benign causes of AMH using cys-
toscopy and upper urinary tract imaging there were
discrepancies with regard to age, threshold for rec-
ommending evaluation, number of abnormal UAs
and the optimal imaging method (computed tomog-
raphy vs ultrasonography). For example, while the
AUA uses age 35 as a threshold, the latest NICE
guidelines increased the recommended age for urgent
evaluation of AMH to 60 years from 50 years. How-
ever, our cohort had 14 of the 24 malignancies
aged between 50 and 64, whereas the median age
of diagnosis of bladder cancer in a contemporary
UK cohort was higher than 70, and only 15% of
patients were younger than 60 years of age [27]. It is
possible that patients in a lower socioeconomic sta-
tus have a higher incidence of cancer at a younger
age and this needs to be further studied. Both the
AUA and ACP define AMH as the presence of ≥3
RBC/HPF in a single properly collected specimen,
while the Canadian Consensus Statement defined
AMH as ≥3 RBCs/HPF in two separate urine sam-
ples as in the prior AUA guidelines. The American
College of Obstetricians and Gynecologists and the
American Urogynecologic Society recommend that
asymptomatic, low-risk, never-smoking women aged
35–50 years undergo evaluation only if they have
more than 25 RBC/HPF [28]. When we consider how
a change in guidelines based on number of positive
UAs are needed to recommend evaluation or num-
ber of RBCs, we note that 19 of the 37 (nearly 50%)
GU malignancies diagnosed had only 3–20 RBC’s
on initial UA. A closer look found that 13 of the 19
patients had a repeat UA with persistent hematuria, 1
had a history of gross hematuria and 4 had suspicious
lesions on imaging. As such only one patient might
have been missed if a criterion of 2 UAs would have
been used. Using risk factors in isolation would not be
helpful since 6 patients were under age 50, 16 did not
report a history of smoking and 19 were women. As
such a combination of risk factors would be necessary
to try to find all cases of malignancy. This analysis
demonstrates further that strategies based on combi-
nations of risk factors are likely the best approach to
optimize the investigation of hematuria.

The limitations of this study are mostly related to
the retrospective design of such a large cohort of
patient. A main challenge is to identify the cause-
effect relationship of the variables identified towards
the decision making, particularly whether referral
was related to the general practice of PCP’s, the finan-
cial resources available, or the lack of compliance of
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patients. Identifying whether repeat UA or perform-
ing upper tract imaging was the reason for urology
referral or was requested to save time pending the
urology visit or even ordered by the urologist was
another challenging limitation. In addition, it was not
possible to identify the driving factors for cystoscopy
by urologists, nor whether a positive urine culture fol-
lowing the hematuria always signified a urinary tract
infection that needed to be otherwise excluded. It was
not possible to know if a patient had gross hematuria
separate or in addition to the microscopic findings on
UA. The number of RBCs was used as a tool in the
analysis but cannot replace a good history from the
patient. While we evaluated racial differences in this
cohort, Hispanic patients of which there are many are
categorized as white, so it was not possible to segre-
gate this association in this analysis. Finally, although
unlikely that patients continued their care in another
healthcare system, we might lack accurate data about
the follow-up in all patients.

CONCLUSION

Hematuria is a common finding in patients in the
public health care systems. As with other health
care systems, referral rates are low and physicians
are inconsistent in using known risk factors for
malignancy in guiding their referral patterns. A risk-
adapted approach from the guidelines may reduce
the number of patients who are recommended to be
referred but requires a careful balance of several risks
to avoid missing cancer cases.

KEYPOINTS

• In a large public health care system, hema-
turia is common but only 11.4% were referred
to urology, 4% of patients underwent complete
evaluation and cancer incidence was 0.21% after
excluding patients with urinary tract infections.

• In the multivariable analysis, factors indepen-
dently associated with a higher likelihood of
referral to urology were age > 35, male gender,
hypertension, and RBCs ≥20 while smoking did
not impact referral patterns.

• In the outpatient setting of a public health care
system, the vast majority of patients with hema-
turia are not referred and evaluated properly
across all age categories and regardless of smok-
ing status.
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