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ABSTRACT
BACKGROUND: The incidence of bladder cancer was estimated at 61,420 in the United States in
2006, and the rate is increasing with the aging population. Studies have shown that 6% to 12% of
hematuria evaluations yield diagnoses of urothelial carcinoma (UC) and upper tract tumors. This
correlation translates into 500,000 to 1,000,000 hematuria evaluations per year in the United States,
with a corresponding cost of $500 million to $1 billion annually. Because no studies have looked at the
economic cost of hematuria evaluation, we reviewed our experience with the current recommended
diagnostic approach and report the related medical costs associated with hematuria evaluation at our
institution.

METHODS: A retrospective review was performed on 744 consecutive patients who underwent
evaluation for gross or microscopic hematuria. Of these patients, 373 patients underwent cystoscopy
and CT urogram and had urine collected for nuclear matrix protein-22 (NMP-22) testing and cytology. The
Medicare reimbursement rates as of January 1, 2006 were obtained for each of the above modalities.
The McNemar test was used for pair-wise comparison of sensitivity and specificity.

RESULTS: Through dividing the direct medical cost of each modality by the observed sensitivity, we
determined the cost per diagnosis of NMP-22 ($39.82), cytology ($54.96), cystoscopy ($430.14), and CT
urogram ($989.06). Cystoscopy was found to be more sensitive than CT scan, cytology, and NMP-22
in the diagnosis of UC (p < 0.05), and combining cystoscopy with other tests yielded no statistically
significant improvements in sensitivity.

CONCLUSION: We showed that the workup of hematuria in terms of financial cost is not insignificant.
In our specific patient series, cystoscopy proved to be the most effective modality at diagnosing UC,
with 96% sensitivity and 97% specificity. Although imaging is an important part of the upper tract
evaluation, the development and usage of better urinary markers may complement less expensive
imaging modalities with less radiation exposure.

©2009 UroToday International Journal / Vol 2 / Iss 1 / February
doi:10.3834/uij.1939-4810.2008.12.04

http://www.urotodayinternationaljournal.com
ISSN 1944-5792 (print), ISSN1944-5784 (online)

UIJ

®

UroToday International Journal

original study

A Cost Comparison of the Diagnostic Modalities Used in the Detection of Urothelial Carcinoma in Patients
Undergoing Evaluation for Hematuria

KEYWORDS: Urothelial carcinoma, NMP-22, CT urogram,
Cost comparison

CORRESPONDENCE: Louis S. Liou, Boston University School
of Medicine, Department of Pathology, 720 Harrison Avenue,
Boston, MA 02118, Liougu@yahoo.com

INTRODUCTION
Bladder cancer is one of the most common urologic cancers,
with an estimated incidence of 61,420 in the United States
in 2006. It is the fourth most common cancer in men and the
ninth most common in women [1]. It is a disease of the elderly,
with approximately 80% of cases being diagnosed in patients
over the age of 60. The most common presenting symptom is
hematuria, which is typically intermittent, macroscopic (gross)
or microscopic, and painless. Studies have shown that 6% to
12% of hematuria evaluations yield diagnoses of urothelial
carcinoma (UC) [2-5].
The importance of the hematuria evaluation has been well
established due to its indication of significant urologic
diseases [6]. The American Urological Association Best
Practice Guidelines for evaluation of microscopic hematuria
recommends the use of upper tract imaging, cystoscopy, and
urine cytology in patients with risk factors for UC [7]. Urinary
markers, such as nuclear matrix protein-22 (NMP-22), have
shown utility in the evaluation of hematuria as well [8]. Despite
all of this, an extensive review of the literature with regard to
hematuria evaluation performed by Rodgers et al. [8] indicates
that no single study to date has addressed the complete
diagnostic process for hematuria, nor has a study evaluated
the effectiveness of these diagnostic algorithms, and finally, no
financial costs have been investigated.
The first presentation of gross hematuria or multiple episodes
of microscopic hematuria warrants a full urologic evaluation
(upper tract imaging, cystoscopy, and urine cytology) due to
its indication of potentially significant urologic diseases [9].
CT scans are often used as the upper tract imaging modality
of choice. Urinary biomarker assays, including tests for NMP22, have proven useful in the diagnosis of UC as well [10]. An
estimated 500,000 to 1,000,000 hematuria evaluations are
performed per year because of the percentages that yield a
diagnosis of UC. Assuming that CT scans, cystoscopies, and
urine cytologies are performed and obtained from all patients,
we estimate the direct medical costs of the evaluation of
hematuria to be between $518 million to $1.04 billion per
year in the United States. In this study, we evaluate our
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experience with the current diagnostic approach and direct
medical costs associated with the evaluation of hematuria in
an urban population, evaluating sensitivity, specificity, and
cost-effectiveness.

METHODS
We performed a retrospective review of 744 consecutive
patients who underwent initial evaluation for gross or
microscopic hematuria at our institution from October 1999 to
April 2005. Microscopic hematuria is defined by the American
Urological Association Best Practice Guidelines as 3 or more
red blood cells per high-power field on microscopic evaluation
from 2 of 3 urinalysis specimens [11]. Clinical data on these
patients was obtained through a review of charts and queries
of our hematuria database approved by an institutional review
board. Of the 744 individuals, 373 consecutive patients who
underwent cystoscopy, CT urogram, and had urine specimens
sent for cytology and NMP-22 were included for analysis. Other
studies (renal ultrasound, intravenous pyelogram (IVP), MRI,
etc.) were performed as needed. Medicare reimbursement rates
as of January 1, 2006 were used as a basis for the direct medical
costs for each of these modalities. Cytology was collected from
either voided or barbotaged specimens, whereas NMP-22 was
collected from voided specimens only.
Cytology results were reported by staff pathologists at our
institution. Only cytology results reported as “positive” were
defined as positive for UC. All other results, including the lack
of tumor cells and atypical, suspicious, moderate, or severe
dysplasia, were defined as negative results. A positive value
for NMP-22 was set at greater than or equal to 10 U/ml [12].
CT urograms were interpreted by staff radiologists at our
institution.
Number of Patients

373

Median age (range)

52 years (18-87)

Number male (%)

209 (56%)

Number with gross
hematuria (%)

157 (42%)

Number with
microhematuria (%)

216 (58%)

Number of smokers (%)

131 (35%)

Mean serum creatinine
(range)

1.0 mg/dl (0.2 – 8.6)

Table 1. Demographic data
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RESULTS
Our analysis included 373 patients (Table 1). The median age
of the population was 52, with a range from 18 to 87 years,
and 209 patients were male and 164 were female. Of the 373,
157 patients had gross hematuria, while 216 patients had
microhematuria. 131 patients had a history of tobacco use, 19
had a history of prostate cancer (13 patients with radiation
therapy, 2 with prostatectomy, and 1 with brachytherapy) and
21 patients had a prior stone history.
UC was the final diagnosis in 26 patients (7%; 20 male, 6
female). There were 25 cases of bladder UC, and 1 case of UC in
the renal pelvis. These results were also stratified according to
grade and stage (Tables 2 and 3). Of these patients, 24 presented
with gross hematuria and 2 with microscopic hematuria. There
were 9 smokers with a 20 pack per year or greater history,
while the remainder were nonsmokers. 19 patients were over
the age of 60.
The remaining diagnoses included stones (68 patients),
benign prostatic hypertrophy (34), cystitis (18), urinary tract
infection (16), prostate cancer (3), nephrogenic adenoma (1),
schistosomiasis of the bladder (1), urachal adenocarcinoma (1),
and idiopathic hematuria (231). The patient presenting with
schistosomiasis had a negative cytology and NMP-22, whereas
the patient with urachal adenocarcinoma had an atypical
cytology and a negative NMP-22 result.
In the diagnosis of UC, the sensitivity and specificity of cystoscopy
were 96% and 97% respectively (Table 4). This was better
than the sensitivity of cytology (27%), NMP-22 (73%), and CT
urogram (62%). The differences in sensitivity for CT urogram
(p = 0.003), NMP-22 (p = 0.0339), and cytology (p = <0.0001)
Tis

Ta

T1

T2

T3

T4

Male

2

8

3

4

3

0

Female

0

3

0

3

0

0

Table 2. UC grade
doi:10.3834/uij.1939-4810.2008.12.01.t2

CIS

Grade 1

Grade 2

Grade 3

Male

2

2

8

8

Female

0

1

4

1

Table 3. UC stage

Test

Sensitivity Specificity
(95% CI)
(95% CI)

Cytology

27%
(12-48%)

100%
100%
(99-100%)

95%

NMP-22

73%
(52-88%)

76%
(71-80%)

19%

97%

Cystoscopy

96%
(79-97%)

97%
(95-99%)

74%

99%

CT
Urogram

62%
(41-80%)

98%
(96-99%)

67%

97%

All Four
Tests

100%
(87-100%)

74%
(69-78%)

22%

100%

PPV

NPV

Table 4. Effectiveness of diagnostic modalities in the
evaluation of hematuria
doi: 10.3834/uij.1939-4810.2008.12.01.t4

were statistically significant when compared to cystoscopy.
However, there was no statistically significant difference in
specificity among each of the single tests. Cystoscopy alone
missed no cases of bladder UC in our sample. The single UC of
the upper tract was missed by all modalitites except for NMP22. Urine cytology was the most specific diagnostic modality,
with a positive result indicating UC 100% of the time in our
sample. Similarly, its positive predictive value was also 100%,
indicating its possible utility in verifying cases of UC. NMP-22
and CT urogram had specificities of 76% and 98%, respectively.
CT urogram also yielded diagnoses for other pathologies, as
listed in Table 5.
The combination of cystoscopy with other tests yielded no
statistically significant improvements in sensitivity when
compared to that of cystoscopy alone. The specificity of any
combination of tests was lower than that of cystoscopy alone
(with the exception of cystoscopy and/or cytology), indicating
an increase in false positives with additional tests.
With regard to costs, urine cytology had a direct medical cost
based on Medicare’s 2006 reimbursement schedule of $14.84.
NMP-22 had a direct medical cost of $29.07, cystoscopy cost
$412.93, and CT urogram (charged as CT abdomen and pelvis)
was $607.64 (Table 6). Through dividing the direct medical
cost of each modality by the observed sensitivity, the cost per
diagnosis of NMP-22 was determined as $39.82, cytology was
$54.96, cystoscopy was $430.14, and CT urogram was $989.06.

doi:10.3834/uij.1939-4810.2008.12.01.t3
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CT Findings

Number of Patients

Renal Cysts

107

Nephrolithiasis

55

Ureterolithiasis

10

Hepatic Cysts

9

Uterine Fibroids

8

Adrenal Mass
Consistent with
Adenoma

7

Cholelithiasis

6

Hepatic
Hemangioma

5

Bladder Calculi

3

Ovarian Cysts

3

Diverticulitis

2

Diverticulosis

1

Paget’s Disease

1

Hiatal Hernia

1

Table 5. CT findings of alternate diagnoses in the
entire study population
doi:10.3834/uij.1939-4810.2008.12.01.t5

DISCUSSION
As shown in our results, cystoscopy is the single most accurate
modality for the evaluation of hematuria at our institution.
However, the visualization of lesions with cystoscopy in
patients with significant hematuria or with flat neoplasia is
difficult and cannot be used to evaluate the upper urinary
tracts. Due to these limitations, urinary tests play an integral
role in the hematuria work-up. Urinary markers, including
NMP-22, bladder tumor antigen (BTA), and telomerase, have all
been shown to have a higher sensitivity and a lower specificity
than cytology for the detection of UC in a meta-analysis of
42 studies [13]. Previous researchers have shown that both
cytology and NMP-22 are sensitive for detecting high-grade
UC [14-16]. Additionally, it has been shown that upper tract UC
is often a higher stage and higher grade disease than bladder
UC [17]. Cases of upper tract UC, therefore, may be detected
earlier in their course with the use of a combination of urinary
marker(s) and cytology.
In our patient population, all cases of UC were diagnosed using
a combination of cystoscopy and NMP-22, with NMP-22 being
©2009 UroToday International Journal / Vol 2 / Iss 1 / February
doi:10.3834/uij.1939-4810.2008.12.04

the only modality that indicated the presence of the 1 upper
tract UC (Grade 2, Stage Ta). It should be noted that this case
demonstrated atypia on urine cytology, and in combination
with the NMP-22 findings, triggered further workup of the
upper tracts in this patient. Currently, bladder markers are not
commonly used by urologists because of the increased cost
without significant improvement in specificity when compared
to cytology. However, its utility is clear in cases such as the upper
tract tumor. These markers can give the practitioner further
evidence to support of the use of more extensive diagnostic
modalities in patients with otherwise normal workups.
A number of institutions have chosen the CT scan as the upper
tract imaging modality of choice because it is the choice of
radiological clinical practices and because of its potential for
diagnosing other conditions, including urolithiasis, renal and
perirenal infection, and associated complications. Additionally,
recent evidence indicates the superiority of CT urography to
excretory urography in the initial evaluation of hematuria
for all possible causes including UC [18]. With respect to
upper tract UC, Albani et al. [18] reported that among 259
patients evaluated with CT urogram, 6 cases of renal pelvic
masses were accurately diagnosed, superior to the results seen
with intravenous pyelography (IVP), whereas the sole renal
pelvic mass went undetected. While indicating its efficacy,
this implies a 2.3% incidence of upper tract UC among all
patients evaluated for hematuria. This is well above studied
estimates and indicates that 0.5% of all urothelial tumors are
found in the upper tract [19]. This is likely due to the high-risk
population of patients seen at the Cleveland Clinic and may
account for the difference in results when compared with our
study. The authors conclude that CT urogram may be best used
in patients at high risk for disease, as the expected sensitivity
and specificity of imaging would be expected to be quite low
Diagnostic Test CPT Code

2006 Medicare
Reimbursement

Urine Cytology

88104

NMP-22

86316

$29.07

Cystoscopy

52000

$412.93

74170 & 72194

$607.64

76775

$94.52

CT Scan
Renal
Ultrasound

$14.84

Table 6. Reimbursement schedule for tests used in
hematuria evaluation
doi:10.3834/uij.1939-4810.2008.12.01.t6
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with its low yield in patients without any UC risk factors.
CT urogram proved useful in the detection of urolithiasis and
other conditions as seen in Table 5. Interestingly, no cases of
renal masses were diagnosed with the use of CT scan among the
373 patients analyzed in this study. Patients with renal masses
were likely excluded from our study based on our inclusion
parameters requiring the use of all 4 diagnostic modalities. Out
of the larger pool of 744 patients, 2 were found to have renal
masses. Our results indicate that CT scan may be an expensive
part of the hematuria evaluation for patients and could be
used more selectively in a higher risk population for UC.
The significant costs associated with the evaluation of hematuria
have been previously described but generally included older
imaging modalities [2]. The cost of a full evaluation including
all 4 tests in these patients is $1064.48 (fig. 1). Applying current
reimbursement rates to our sample indicates that these 4 tests
led to direct medical costs of $397,051 ($1064.48 x 373 patients),
of which $226,650 was accounted for by the CT scan, which did
not yield unique information in the diagnosis of UC.
In our patient population, the utilization of ultrasonography,
namely renal ultrasound (direct medical costs = $94.52), may
prove to be more cost-effective than CT scan when used
in conjunction with cystoscopy and urinary markers in the
evaluation of the upper and lower urinary tracts in selected
patients presenting with hematuria. This has also been shown
in the Rodgers study [8], with a dramatically improved cost
effectiveness using renal ultrasound over CT scan in patients
at low risk for significant urological diseases. The analysis has
Total Costs $1064.48
Cytology
1%

NMP-22
3%

is less expensive than the use of CT scan alone in diagnosing
significant disease in high risk patients (patients with a
likelihood of disease ≥ 30%). It should be noted, however, that
no research has been performed regarding outcomes due to a
delay in imaging using CT scan. Using renal ultrasound in place
of CT scan would bring the direct medical costs of a hematuria
evaluation down to $551.36, 48% less expensive than the
current standard.
Given these findings, we believe that patients at low-risk for
UC based on presentation (microscopic hematuria with an
absence of risk factors for UC) should be evaluated with the use
of cystoscopy, urinary markers, cytology and renal sonography
as opposed to CT urogram. However, given the current data
regarding sensitivity and specificity of NMP-22, we do not
believe that the use of urinary markers with sonography can
replace the use of CT urogram in high risk patients. Further
improvements in urinary markers with regard to sensitivity
and specificity, as well as decreases in costs of these tests,
are necessary before implementing their routine use and
substituting the use of expensive yet powerful radiographic
imaging such as CT. Randomized, prospective studies must be
performed to investigate other modalities in the hematuria
workup in order to drive down the costs of this common yet
potentially serious indicator of significant disease.
There are clear limitations inherent to this study, including its
retrospective design, small sample size, and its representation
of a single institution’s experience. It is difficult to draw firm
conclusions based on a small subset of patients. However, it
is important to note the questions raised regarding the cost
effectiveness of commonly used modalities in the evaluation of
hematuria. These questions could lead to further prospective
studies to investigate the efficacy and cost-effectiveness of
the hematuria diagnostic algorithm in the anticipation of the
rising costs of clinical diagnostics in hematuria of the aging
population.

CONCLUSIONS
CT Scan
57%

Cystoscopy
39%

Figure 1. Contribution of current standard diagnostic
modalities to direct medical costs of hematuria
evaluation
doi:10.3834/uij.1939-4810.2008.12.01.f1

also shown that the use of ultrasound followed by CT scan
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We show that the workup of hematuria in terms of financial
cost is not insignificant. In our patient population, cystoscopy
was the most sensitive and specific modality. CT urogram
contributed to the diagnosis of many urologic disease states
but most were of benign origin. It did, however, add the most
to the cost of the diagnostic workup without contributing
significantly to the identification of UC in our patients, since
only one patient had upper tract TCC. NMP-22 was the only
modality that diagnosed the upper tract tumor, but had lower
specificity than any of the other 3 tests.
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