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OBJECTIVE To evaluate the sensitivity of ultrasound imaging in detecting upper urinary tract malignancy in
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patients with asymptomatic microscopic hematuria (AMH) in an outpatient community setting.

MATERIALS AND
METHODS
A list of all patients who received renal ultrasound for hematuria in our health care system
between January 1, 1997 and July 1, 2015 was obtained, and electronic health records were retro-
spectively reviewed. Patients were excluded for age (<18 years), <3 years follow-up, prior upper
tract malignancy, recent urinary tract catheterization, inpatient status, pregnancy, insufficient
data, or gross hematuria. The initial ultrasound was considered positive if suspicious findings
led to a subsequent diagnosis of an upper tract malignancy. False negatives were determined by
electronic medical record follow-up for at least 3 years.
RESULTS
 Of the 2138 patients with AMH who met inclusion criteria, ultrasound imaging detected suspi-
cious findings in 9 of 9 patients with renal cell carcinoma and 3 of 3 patients with upper tract uro-
thelial cancer, indicating a sensitivity of 100% and 100%, respectively. Four additional
malignancies were diagnosed more than 3 years after the initial evaluation for an incidence rate of
1.6 cases of upper tract malignancy per 10,000 person-years.
CONCLUSION
 The prevalence of upper urinary tract malignancy was low in patients with AMH. Ultrasonography is
an appropriate modality for upper tract imaging in the initial evaluation of patients with AMH. Prac-
tice guidelines should be updated to reflect the high sensitivity of ultrasound and low risk of upper
tract malignancy in patients with AMH. UROLOGY 133: 34−39, 2019. © 2019 Elsevier Inc.
Asymptomatic microscopic hematuria (AMH) can
be a sign of serious underlying urinary tract dis-
ease and requires evaluation for urologic malig-

nancy.1-10 Existing guidelines agree that the bladder
should be evaluated with cystoscopy, but the preferred
imaging modality of the kidneys and ureters is controver-
sial.11-14 The most recent update from the American
Urological Association (AUA) states that multiphasic
computed tomographic urography (CTU) with and with-
out intravenous contrast is the imaging procedure of
choice to evaluate the upper urinary tracts in patients
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with AMH.11 In contrast, ultrasonography can also be a
suitable imaging choice to evaluate the upper tracts in
patients with AMH.6,8,9,12,15-17 It is widely available, is
noninvasive, avoids ionizing radiation or intravenous con-
trast, and is less expensive than CTU. Renal ultrasound
combined with cystoscopy was recently shown to be the
most cost-effective strategy for the detection of urinary
tract malignancy.18

A better understanding of disease prevalence has led to
improved risk stratification based on patient characteris-
tics and degree of hematuria including gross hematuria
(GH), MH, and AMH. However, the sensitivity of ultra-
sound has been studied primarily in the context of com-
bined gross and microscopic hematuria.1,3,9,17,19,20 We are
aware of only 1 study that reports the performance of renal
ultrasound in a population consisting of strictly AMH
patients.21 Jaffe et al found 3 low-grade upper tract urothe-
lial cancers (UTUCs) using intravenous urography as a
© 2019 Elsevier Inc.
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reference standard in 75 patients who had persistent
AMH 3 months after a normal ultrasound.17

Our community health system has routinely used renal
ultrasound to evaluate the upper urinary tract in the ini-
tial evaluation of patients with AMH. The purpose of this
study was to use long-term follow-up to evaluate the sensi-
tivity of renal ultrasound for detecting upper-tract malig-
nancy in patients with AMH.
MATERIALS AND METHODS

Health System
Our healthcare system is an integrated medical center, with 33
regional clinics serving 21 counties over a tri-state region. Primary
care providers and consultants share the same integrated elec-
tronic health record system that has been in place since 1997.
Evaluation of Asymptomatic Microscopic Hematuria
Microscopic hematuria is defined as 2 urinalyses with ≥3 red
blood cells per high-power field. Further classification of AMH is
appropriate after ruling out infection, symptoms, or other benign
causes, consistent with the most recent AUA definition.11 Our
institutional approach to evaluation of AMH remained
unchanged during the 20-year study period and has been as out-
lined in Figure 1. Renal ultrasound was ordered by either the pri-
mary care provider or via urologic consultant to evaluate the
upper urinary tract. Imaging was performed within the department
of radiology by general sonographers under the supervision of radi-
ologists. The upper urinary tract was evaluated for renal and uro-
thelial masses, parenchymal loss, stones, and ureteral obstruction.
Suspicious findings on renal ultrasound prompted additional eval-
uation, usually by CTU. The lower urinary tract was evaluated
with cystoscopy. If the initial workup with cystoscopy was nega-
tive for an identifiable cause of AMH, patients were advised to
follow-up with their provider or urologic consultant if they devel-
oped GH, flank pain, or irritative voiding symptoms.
Figure 1. (a) Asymptomatic microscopic hematuria algorithm a
malignancies by directly visualizing renal masses (top) or detec
calyces (middle) and hydroureter (bottom).
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Patients
This study was approved by our Institutional Review Board (Pro-
tocol 2-18-04-004). A list of all patients who underwent a renal
ultrasound in our health system from January 1, 1997 to July 1,
2015 was obtained and electronic health records were retrospec-
tively reviewed. Patients were included in the study if they had
at least 3 years of follow-up that included medical documenta-
tion by a provider. Patients were excluded if they were younger
than 18 years, had a history of a prior upper tract malignancy,
had a recent catheterization, had inpatient status, were pregnant,
or had GH or spotting. If patients had multiple evaluations of
AMH during the study period, only the initial evaluation was
included. Patients were also excluded if the renal ultrasound was
ordered for an indication other than hematuria (eg, surveillance
of chronic kidney disease) based on provider health record docu-
mentation. Finally, patients were excluded if the health record
did not contain sufficient detail to rule out GH. Owing to the
dynamics of AMH guidelines during the 20-year study period,
adherence to any particular guideline was not recorded.
Data
The initial ultrasound report for each patient was reviewed and
any abnormalities or suggestions of malignancy were recorded.
The ultrasound was considered positive if findings led to further
evaluation that included additional imaging (typically CT) and
resulted in diagnosis of an upper tract malignancy. Regardless of
the ultrasound results, health records were then reviewed to
determine whether any upper tract cancer was subsequently
diagnosed to assess for false-negatives. The stage and grade of
upper tract malignancies were recorded if possible, as well as the
time interval between initial evaluation with renal ultrasound
and diagnosis. For the malignancies diagnosed prior to standard
staging templates, cancer staging was recapitulated using the
American Joint Committee on Cancer guidelines. Our institu-
tional cancer registry was used to cross reference our data to
ensure that all upper tract malignancies were captured in the
cohort.
t our institution. (b) Ultrasound can evaluate for upper tract
ting signs of ureteral obstruction such as expansion of the
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Variables such as age, sex, smoking history, follow-up period
after initial evaluation with ultrasound, and prevalence of upper
tract malignancies were evaluated. Since prevalence of malig-
nancy in patients with AMH is low at baseline, no attempt was
made at further risk stratification. We calculated the incidence
rate by dividing the number of new upper tract malignancies
diagnosed greater than 3 years after the initial ultrasound by the
cumulative number of person-years of observation. The sensitiv-
ity and negative predictive value of ultrasound to detect upper
tract malignancy were calculated along with binomial confi-
dence intervals.
RESULTS
A total of 4871 patients received a renal ultrasound from Jan-
uary 1, 1997 to July 15, 2015. Of those patients, 2138 met
inclusion criteria (Fig. 2). The vast majority of patients fit our
institutional criteria for AMH—that is, 2 consecutive urinaly-
ses with ≥3 red blood cells per high-power field—prior to
renal ultrasound evaluation. Demographic and clinical patient
data are provided in Table 1. The average follow-up was
11.6 years (range: 3-21.6 years).

Twelve (0.6%) patients were diagnosed with upper tract
malignancy (9 RCC and 3 UTUC) during their initial evalua-
tion, all of whom had an initial ultrasound positive for malig-
nancy (Table 1), indicating a sensitivity of renal ultrasound to
detect RCC of 100% (confidence interval [CI] 66.4%-100%)
with NPV 100% (CI 99.8%-100%) and the sensitivity of renal
ultrasound to detect UTUC of 100% (CI 29.2%-100%) with
NPV 100% (CI 99.8%-100%). The pathologic grade, stage, and
tumor size of the upper tract malignancies are provided in
Table 2. One case of UTUC was found in a 94-year-old patient
who declined surgery and therefore no histologic confirmation
was obtained for this case.

Health records were reviewed beyond 3 years, which allowed
long-term follow-up. Four patients were diagnosed with upper
tract malignancy more than 3 years after the initial ultrasound
Figure 2. Patient flow chart and resulting number of upper tract
RCC, renal cell carcinoma; UT, upper tract; UTUC, upper tract uro
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(at 4.0, 4.5, 8.0, and 11.2 years). In all 4 cases, the initial ultra-
sound was negative for signs of malignancy (Table 2). The inci-
dence rate of upper tract malignancy in patients with AMH was
1.6 new cases per 10,000 persons per year, with 4 cancers over
24,284 person-years.
DISCUSSION
We present our long-term experience of using renal ultra-
sound to evaluate the upper tract in patients with AMH.
The cohort included 2138 patients with AMH evaluated
with renal ultrasound reflecting a general population from
a community outpatient setting with reliable long-term
follow-up. This included representative outpatient refer-
rals from primary care providers in an integrated care set-
ting. The prevalence of upper tract malignancy was
expectedly small in this population of patients (0.6%)
which agrees with findings from several other stud-
ies.2,3,9,10 Long-term follow-up enabled calculation of
upper tract malignancy incidence, which has not previ-
ously been possible. Importantly, ultrasound detected all
12 upper tract malignancies with a sensitivity of 100%.

There is no universally accepted radiographic imaging
reference standard for detection of upper tract malignancy.
Prior studies have compared the performance of renal
ultrasound with that of intravenous urography1,3 or CTU.9

In this study, no comparison was made to CTU. Instead,
clinical follow-up was used to assess the performance of
renal ultrasound. We assumed that clinical progression of
the malignancy would reveal any false-negative ultrasound
result within a 3-year follow-up, a time frame that has
been previously used in the literature12,22 and in the AUA
recommendations11 based on the natural progression of
upper tract malignancies.23 It is important to note that 4
malignancies. AMH, asymptomatic microscopic hematuria;
thelial cancer.
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Table 1. Patient characteristics and distribution of malignancies.

Age, y N Male Female

Follow-up
Years,

Mean § SD

Smoking
History,
N (%) UTUC RCC

Ultrasound
Positive

≤40 285 110 175 11.9 § 4.8 114 (40) 0 0 0
41-50 388 159 229 13.0 § 4.7 152 (39) 0 1 1
51-60 471 226 245 12.7 § 4.9 226 (48) 0 1 1
61-70 439 220 219 11.8 § 4.7 219 (50) 0 2 2
71-80 398 197 201 10.0 § 4.2 176 (44) 1 5 6
≥81 157 66 91 7.7 § 3.6 48 (31) 2 0 2
Totals 2138 978 1160 11.6 § 4.9 935 (44) 3 9 12
upper tract malignancies were diagnosed after a 3-year fol-
low-up. This study assumes that these 4 malignancies were
not present at the initial evaluation. One case of UTUC
presented after several episodes of intermittent GH and
flank pain. The other 3 renal tumors were incidentally
noted during imaging for other indications which included
lumbar magnetic resonance imaging for back pain, staging
CT for rectal cancer, and renal ultrasound to evaluate
chronic kidney disease. Despite improved detection rates
and earlier surgical intervention of small renal tumors,
mortality rates have not improved and therefore observa-
tion has been increasingly considered appropriate for some
patients.24 It is possible that the RCCs detected at 4.0 and
4.5 years were present but very small in size at the initial
evaluation. However, both tumors were T1a stage and
there was no harm in delay of diagnosis.
Despite data collection over a 20-year time frame, only

3 cases of UTUC were identified. The low prevalence of
UTUC in patients with AMH underscores the appropri-
ateness of avoiding radiation risk and cost associated with
CTU in this population. In addition, this study only sup-
ports that renal ultrasound can detect UTUC of advanced
Table 2. Distribution and characterization of upper tract malign

Diagnosis
Interval, y* Typey

Path
St

US positive
≤0.5 RCC (clear cell)
≤0.5 RCC (clear cell) T
≤0.5 RCC (clear cell) T
≤0.5 RCC (clear cell)
≤0.5 RCC (papillary) T
≤0.5 RCC (clear cell) T
≤0.5 RCC (clear cell) T
≤0.5 RCC (clear cell) T
≤0.5 RCC (clear cell) T
≤0.5 UTUC (HG)
≤0.5 UTUC (HG)
≤0.5 UTUCz

US negative
4.0 RCC (clear cell) T
4.5 RCC (clear cell) T
8.0 RCC (clear cell) T

11.2 UTUC (LG), RCC x2 (papillary) T1, T

* Time between initial renal ultrasound and pathologic diagnosis.
yHG, high-grade; LG, low-grade; RCC, renal cell carcinoma; UTUC, upper
zClinical diagnosis only, patient refused surgery.
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stage. Of the 3 UTUC cases identified 2 were advanced
stage (T2 and T3). However, these advanced cases pre-
sented as AMH and by definition without any symptoms.
Based on our limited cases of UTUC, AMH caused by
UTUC was not detected until the malignancy was late
stage and would be very challenging to identify without
any symptoms by any method.

The AUA recommendations in 2012 for management
of patients with asymptomatic AMH states CTU are the
imaging procedure of choice to maximize diagnostic cer-
tainty.11 Given the low prevalence of malignancy in
patients with AMH and high sensitivity of renal ultra-
sound supported by this study, the diagnostic benefit of
CTU in this low-risk group is controversial.6,9,20 Addi-
tionally, Yecies et al have recently shown that the theo-
retical risk of malignancy from the ionizing radiation of
CT outweighs the beneficial sensitivity when compared
with renal ultrasound using a sensitivity of renal ultra-
sound of 82% as the model input.8 As the sensitivity of
ultrasound approaches 100%, as measured by our study,
CTU has diminishing benefit in detection of upper tract
malignancies. In addition to radiation exposure, CTU
ancies.

ologic
age

Tumor Size
(cm) Age Sex

Smoking
History

T1 7.0 75 M Yes
1a 3.0 43 M Yes
3a 7.2 66 M No
T1 2.1 77 F No
1a 1.6 75 M Yes
3b 12.0 59 M Yes
3b 9.5 78 F No
1a 3.3 79 M Yes
1a 1.4 66 M Yes
T3 3.5 71 F No
T2 1.5 88 F Yes

94 F No

1a 3.0 61 F Yes
1a 3.0 61 M No
3a 4.5 46 M Yes
1a, T1a 2.2, 2.8, 0.5 56 M Yes

tract urothelial carcinoma.
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imposes financial burdens to the health system. Halpern et
al extensively analyzed the additional cost from substitu-
tion of CT in lieu of renal ultrasound with limited added
value.18 At this writing, the Medicare reimbursement for
our health system is $471 for CTU and $145 for renal
ultrasound, a factor of 3.2 difference, consistent with the
aforementioned study. Not only is CTU more costly, but
it can also reveal incidental findings that can lead to other
expensive and invasive procedures. Lai et al found CTU
led to increased costs of $694.50 per initial patient
screened to evaluate extraurinary findings.25 Although
CTU is highly sensitive, its benefit should outweigh the
expense10,18,25,26 and the risks of contrast-induced
nephropathy, contrast reactions, and radiation exposure.8

Future development of CTU techniques to reduce radia-
tion exposure27 and contrast28 may decrease these burdens
and enable its widespread use. CUT does have the advan-
tage of revealing potentially important findings outside
the urinary tract,29 but at this time we believe its advan-
tages do not outweigh the risks and costs.
Many groups have recommended the use of ultrasound

as initial evaluation of the upper tracts in patients with
AMH.1,6,8,9,12,15,17,20,30 The American College of Radiol-
ogy reports Appropriateness Criteria for workup of hema-
turia in which they recommend ultrasound as the first-line
imaging modality in patients with a very low risk of hav-
ing a malignant cause of hematuria.15

This study has several limitations. First, our findings
should be interpreted in the context of our study design
and patient population. Our institutional algorithm uses 2
simple categories of AMH and GH to determine the
appropriate evaluation method since the additional risk
prognosis offered by the degree of hematuria is controver-
sial.2,5,10 We assumed that all patients with AMH had
been evaluated with ultrasound and were included in our
study, but it is possible that primary care providers deemed
some patients at such low risk that a watchful waiting
approach was taken without radiographic evaluation. Had
these patients been included in our analysis, the preva-
lence of patients with AMH who had an upper tract
malignancy may have been even lower than we reported.
It should be noted that providers could have ordered a
CTU as the initial radiographic evaluation instead of
renal ultrasound, but this would have deviated signifi-
cantly from the well-established institutional protocol.
The size of the study mitigates the influence of any partic-
ular provider that varied from the institutional protocol of
evaluating AMH. In addition, our population included
those patients who never made it to consultation with
urology due to negative initial evaluation by renal ultra-
sound or primary care provider discretion. Although the
large majority of our study population stayed within our
health care system supported by the average long-term fol-
low-up of 11.6 years, some patients might have changed
to another provider group, left the geographical area, or
never sought further care. Ultrasound is subject to user
variability; thus, the sensitivity of ultrasound is based
on the skill of the sonographer to find and assess
38
abnormalities. Over the time frame of the study, each
renal ultrasound was acquired by a dedicated ultrasonogra-
pher in the department of radiology under supervision of a
radiologist to mitigate those effects. Finally, as technology
improved, the ultrasound equipment of our institution
was appropriately updated; therefore image quality likely
varied over time.

In conclusion, this work adds to the growing body of lit-
erature that supports renal ultrasound as an appropriate
and effective method to evaluate for upper tract malig-
nancy in patients with AMH. In addition, patients can be
advised to return for further evaluation if they develop
GH, flank pain, or irritative voiding symptoms if initial
renal ultrasound shows no signs of malignancy.
Acknowledgments. The authors wish to acknowledge Cary
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