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1. Background 

 

Hematuria is a common indication for 

urological evaluation, resulting in up to 2 

million urology referrals in the United States 

each year.1 The prevalence of hematuria 

ranges from 0.19 to 31% in the literature, 

depending on the definition of hematuria, 

population demographics, and diagnostic 

testing approaches.2,3 Hematuria can be 

classified as gross hematuria (also referred to 

as macrohematuria) or microhematuria. 

Gross hematuria is defined as red blood cells 

resulting in readily visible red or brown 

coloration of the urine. The American 

Urological Association (AUA) defines 

microhematuria as ≥3 red blood cells per 

high-power field.2 For this review, we will 

examine the clinical evaluation and 

diagnostic imaging pertaining to 

asymptomatic hematuria focusing closely on 

the controversies in microscopic hematuria.  

 

2. Etiologies 

 

Hematuria may originate from the renal 

parenchyma or anywhere along the urinary 

tract, which can be subdivided between 

glomerular or nonglomerular pathologies. 

Potential etiologies include malignancy, 

glomerulonephropathy, urinary tract 

infection, inflammation, medication effect, 

benign prostatic hyperplasia, urinary 

calculus, or anatomic anomalies.2 

Gynecologic sources of bleeding may also be 

mistakenly attributed to hematuria. 

Microhematuria is also frequently discovered 

in young adults, and the association with 

vigorous exercise is well documented.4   

 

As opposed to gross hematuria, 

microhematuria is often incidentally 

discovered and associated with lower rates of 

urinary tract malignancy and diagnostic 

yield.5-9 One prospective study of 4020 

patients with hematuria (with urinary tract 

infection excluded) demonstrated a 

prevalence of urinary tract malignancy of 

18.9% for gross hematuria while only 4.8% 

for microscopic hematuria.6  Meanwhile, the 

prevalence of urinary stones was roughly 

equal in the two hematuria groups with 7.8% 

in microscopic and 8.8% in macroscopic 

hematuria.6 No identifiable cause was found 

in over 75% of patients.  In a contemporary 

retrospective study, the incidence of bladder 
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cancer was 11% and renal cancer 1.4% in 

2311 patients with gross hematuria, 

compared to 2.7% and 0.4% respectively in 

1245 patients with microscopic hematuria.10 

Additionally, the incidence of upper tract 

urothelial cancer was also higher in patients 

with gross hematuria at 0.8%, while no cases 

were observed in patients with 

microhematuria.10 The most recent AUA 

guidelines cited the aggregate rate (taken 

from multiple studies spanning 2010 to 2019) 

for urinary tract malignancy in the setting of 

microhematuria is 1%.2  

 

3. Diagnostic Evaluation 

 

3.1 Society guidelines 

 

There is a consensus that the diagnostic 

work-up of gross hematuria should consist of 

urinary tract imaging (usually CT) and 

cystoscopy, however, the evaluation of 

microhematuria remains controversial given 

the paucity of high-quality evidence and 

heterogeneity of recommendations reflected 

in the literature and societal guidelines.11 

According to AUA guidelines, the presence 

of microhematuria can be identified on 

formal urinalysis with ≥3 red blood cells per 

high-power field on microscopy from a 

single urine sample.2 Although the potential 

etiologies for microhematuria often consist of 

clinically insignificant or non-malignant 

entities including medical renal disease, 

gynecologic causes, kidney stones, urinary 

tract infections, strictures, and benign 

prostatic hyperplasia, much of the diagnostic 

testing aims to detect urinary tract 

malignancy. The AUA definition of 

microhematuria was found to have 50% 

sensitivity, 84% specificity, and 1.3% 

positive predictive value for urologic 

cancer.12 Multiple studies questioned the 

diagnostic utility in evaluating for urinary 

tract cancer in patients under 40 years of age 

with asymptomatic microhematuria, citing 

exceedingly low rates of cancer detection.5,12-

16  

 

Women carry a lower risk for urologic 

malignancies compared to men and exhibit 

female-specific conditions such as 

menstruation, pelvic organ prolapse, and 

urogenital atrophy that may confound 

hematuria detected on urine specimen.17  One 

large retrospective population-based study of 

156,691 patients with hematuria showed an 

incidence of urologic cancer for patients less 

than 40 years old to be 0.07% in women 

compared to 0.43% in men.12 These findings 

were reproduced in another retrospective 

study of 3,573 women, where individuals 

under the age of 60 who did not have a history 

of smoking or present with gross hematuria 

did not exceed urologic cancer rates of 

0.6%.18 A committee formed by the 

American College of Obstetricians and 

Gynecology and the American 

Urogynecologic Society recommended that 

low-risk, never-smoking women with 

asymptomatic hematuria should only 

undergo clinical evaluation if there are 

greater than 25 red blood cells per high power 

field.17 Furthermore, the most recent AUA 

guidelines released in 2020 include sex-

specific guidelines in an attempt to 

incorporate this known decrease in risk for 

urinary tract cancer in women.2  

 

According to the AUA 2020 guidelines, 

when evaluating a patient with confirmed 

microscopic hematuria on urinalysis, a 

complete history, and physical exam should 

be obtained with particular attention to risk 

factors for urologic malignancy, history of 

anticoagulation, or medical renal disease. 

Patients with findings consistent with a 

medical renal disease such as renal 

insufficiency, proteinuria, or cellular casts on 

urine microscopy should be referred to a 

nephrologist for further evaluation. 

Significant risk factors for urothelial 
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malignancy include smoking history, male 

sex, history of gross hematuria, occupational 

exposures (benzene chemicals or aromatic 

amines), prior pelvic radiation, and positive 

family history of urothelial cancer or Lynch 

Syndrome.2 Similar guidelines for history-

taking practices are reflected in other 

guidelines such as the Canadian Urological 

Association and the Dutch Association of 

Urology. The AUA has proposed a risk 

stratification system that groups patients into 

low-, intermediate-, and high-risk groups that 

incorporate patient gender, age, smoking 

history, degree of hematuria, and risk factors 

for urothelial cancer (Table 1).  

 

Table 1: AUA Microhematuria Risk Stratification 

 

Low (patient meets all 

criteria) 

Intermediate (patient meets 

any one of the following 

criteria) 

High (patient meets any one 

of the following criteria) 

Women age < 50 years Women age 50-59 years Women or men >=60 years 

Men age <40 years Men age 40-59 years >30 pack year smoking history 

Never smoker or <10 pack 

years 

10-30 pack year smoking 

history 

>25 RBC/HPF on a single 

urinalysis 

3-10 RBC/HPF on a single 

urinalysis 

11-25 RBC/HPF on a single 

urinalysis 

History of gross hematuria 

No risk factors for 

urothelial cancer 

Low-risk patient with no prior 

evaluation and 3-10 RBC/HPF 

on repeat urinalysis 

 

 Additional risk factors for 

urothelial cancer 

 

Although limited evidence currently exists in 

the evaluation of patients in the low-risk 

category, rates of urologic malignancy in 

patients without risk factors is very low 

especially in light of low overall cancer rates 

in the microhematuria population as a whole. 

The benefits of identifying the cause of 

microhematuria have to be weighed with the 

risks of undergoing diagnostic testing with 

imaging and/or cystoscopy.  Under the most 

recent AUA guidelines, patients who identify 

as low risk are encouraged to engage in 

shared decision-making with clinicians and 

determine whether to have a repeat urinalysis 

in 6 months or proceed directly to cystoscopy 

and renal ultrasound. Renal ultrasound and 

cystoscopy are also recommended for 

patients in the intermediate-risk category. 

Lastly, patients who meet the criteria for high 

risk such as age ≥ 60 years or with >30 pack-

year smoking history should undergo 

cystoscopy and upper urinary tract imaging 

with multiphasic CT urography (CTU). 

Patients who have contraindications to CTU 

can alternatively be evaluated with MR 

urography (MRU) versus retrograde 

pyelography along with renal ultrasound or 

unenhanced axial imaging. On the other 

hand, the Canadian Urological Association 

and the Dutch Association of Urology 

guidelines recommend ultrasonography as 

the first-line imaging test of the upper urinary 

tract, while CTU may be reserved for cases 

with abnormal or inconclusive findings.11,19 

The European Urological Association (EUA) 

does not have explicit guidelines for the 

management of hematuria, however, 

recommendations are made for specific 

malignancies where hematuria may be a 

presenting symptom.20 For example, the 
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EUA recommends CTU as the initial 

diagnostic imaging study for upper urinary 

tract urothelial carcinoma, provided the 

patient meets the associated risk factors.20 

 

3.2 Role of Imaging 

 

3.2.1 Background 

  

We will discuss the current repertoire of 

imaging modalities utilized in the 

investigation of hematuria including 

ultrasound, computed tomography, magnetic 

resonance imaging, and retrograde 

pyelography. Intravenous urography (a.k.a. 

intravenous pyelography) was once 

considered the gold standard of urinary tract 

imaging, which consisted of acquiring 

radiographs at timed intervals with varying 

patient positions following the administration 

of iodinated intravenous contrast to 

interrogate the upper urinary tracts and 

bladder. This technique is now largely 

replaced by CTU and no longer 

recommended by the American College of 

Radiology (ACR) for first-line evaluation of 

hematuria.21 The ACR also does not 

recommend conventional abdominal 

radiographs (KUB) nor conventional CT 

abdomen and pelvis with IV contrast; 

therefore, we will not explore these imaging 

modalities in detail. The primary goal of 

imaging in the evaluation of microscopic 

hematuria is to rule out urologic malignancy, 

however, a range of benign etiologies 

especially urinary stones may also be 

detected with imaging techniques.  

 

3.2.2 CT Urography 

 

CT urography (CTU) takes advantage of 

cross-sectional imaging and contrast 

enhancement of the urinary collecting system 

to fully assess the kidneys, ureter, and 

bladder in a single examination. The advent 

of multidetector computed tomography 

(MDCT) has afforded rapid imaging 

acquisition of the entire urinary tract in a 

single breath-hold. Thin-section (≤ 3mm) 

images of the abdomen and pelvis can be 

obtained in the axial plane and reformatted 

for sagittal and coronal reformatted images. 

This multi-planar assessment of the urinary 

tracts can precisely delineate anatomic 

relationships which were previously 

unachievable with traditional intravenous 

urography. Therefore, intravenous urography 

has largely been supplanted by CTU for the 

evaluation of hematuria by institutions with 

access to MDCT with relatively similar or 

even reduced radiation dose. 

  

CTU is a multi-phase exam of the abdomen 

and pelvis that typically consists of 

unenhanced, nephrographic, and excretory 

phases, although no standardized universal 

protocol currently exists.22-23 An unenhanced 

phase is optimized for the evaluation of 

urinary tract calculi and to provide a baseline 

unenhanced appearance of urologic masses 

that can be further characterized on 

subsequent contrast-enhanced series. The 

nephrographic phase is obtained 

approximately 100 seconds after the 

administration of intravenous iodinated 

contrast to best identify renal masses that 

would otherwise be less conspicuous on an 

unenhanced exam. Finally, an additional 

excretory phase acquisition is performed 5-

15 minutes after administration of contrast to 

opacify the urinary collecting system to 

evaluate the urothelium. Some institutions 

may include an additional corticomedullary 

phase which is obtained 20-30 seconds after 

IV contrast injection, however, local practice 

patterns may vary.19,22 Various adjunctive 

techniques may also be implemented to 

augment distension and opacification of the 

urinary tract such as oral or intravenous 

hydration or the administration of 

intravenous furosemide.23 
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Several techniques have been implemented to 

reduce radiation in CTU exams.  A split-

bolus technique is frequently used which 

obtains both the nephrographic and excretory 

phases in a single phase, thus reducing the 

number of total acquisitions and radiation 

exposure. In addition to reducing the number 

of phases in CTU, iterative reconstruction 

techniques of each scan phase also 

significantly decrease radiation exposure 

while maintaining image quality.22-24 Finally, 

dual-energy CT is an emerging technique that 

can create virtual unenhanced imaging from 

a single contrast-enhanced acquisition.25 

 

Unenhanced CT is important in the 

evaluation of hematuria as it is the optimal 

imaging modality for the evaluation of 

urinary calculi, with sensitivity estimated at 

>95%.21 Unenhanced CT is exquisitely 

sensitive for small stones, as well as 

providing accurate information on stone 

morphology and location throughout the 

urinary tract. The main disadvantage 

compared to alternative techniques such as 

renal ultrasound and abdominal radiography 

is the higher radiation dose. Radiation dosing 

for conventional unenhanced CT 

examinations of the abdomen pelvis is 

estimated at 9.9 mGy, which can be reduced 

substantially (1.9 mGy) with low-dose 

techniques without sacrificing sensitivity and 

specificity for urinary calculi.21 Low-dose 

techniques can also be adopted for the initial 

unenhanced phase for a CT urography exam 

to further minimize radiation exposure.19  

 

CT is often the imaging modality of choice 

for the evaluation of renal masses with 

comprehensive lesion characterization with 

unenhanced and contrast-enhanced 

acquisitions. Renal cell carcinoma, 

particularly the clear cell subtype, typically 

presents as a soft tissue mass originating from 

the renal cortex that enhances, defined as a 

change of 20 Hounsfield Units or more 

between unenhanced and nephrographic 

phases (Figure 1).26 There may be associated 

calcifications and internal heterogeneity that 

are compatible with necrosis. CT is also 

invaluable in determining the extent of 

locoregional disease spread such as renal 

vein invasion, lymphadenopathy, or regional 

metastases (Figure 2).  

 

 
(a)         (b) 

Figure 1: 70-year-old male with incidentally discovered right renal mass: Axial unenhanced (a) 

and nephrographic phase (b) CT images of the abdomen demonstrates an enhancing mass (> 20 

Hounsfield Unit increase) in the right kidney, consistent with renal cell carcinoma (white arrow). 
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(a)         (b) 

Figure 2: 33-year-old female presents with abdominal pain and gross hematuria: Axial (a) and 

coronal (b) contrast-enhanced CT images of the abdomen demonstrates a large left renal mass with 

left renal venous invasion extending into the inferior vena cava, consistent with renal cell 

carcinoma (black arrow).  

 

CTU is more sensitive and specific compared 

to intravenous urography with a pooled 

sensitivity of 96% and a pooled specificity of 

99% for detecting upper urinary tract 

urothelial malignancies.27 Urothelial cell 

carcinoma (UCC; previously known as 

transitional cell carcinoma) is the most 

common primary renal malignancy after 

renal cell carcinoma.28 UCC of the upper 

urinary tract presents as a focal intraluminal 

mass, sometimes with mucosal extension 

resulting in mural thickening (Figure 3). 

Infiltrative UCC may demonstrate 

centrifugal extension from its urothelial 

source with obscuration of the renal sinus fat 

and invasion of the renal parenchyma (Figure 

4).29 Ureteral filling defects on CTU that 

exhibit soft-tissue attenuation should raise 

the suspicion for malignancy such as UCC 

and prompt direct ureteroscopic visualization 

(Figure 5).  
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(a)        (b) 

Figure 3: 79-year-old female with gross hematuria: Coronal CT urogram (a) and sagittal 

ultrasound of the right kidney (b) shows polypoid intraluminal mass (white arrow) centered in the 

renal pelvis resulting in hydronephrosis. Pathology was consistent with urothelial cell carcinoma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)         (b) 

Figure 4: 81-year-old female with gross hematuria and left flank pain: Axial (a) and coronal (b) 

CTU images of the kidneys shows an infiltrative mass (white arrow) centered within an upper pole 

calyx in the left kidney with extension into the renal cortex. Pathology was consistent with 

urothelial cell carcinoma. 
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(a)       (b) 

Figure 5: 79-year-old male with gross hematuria: Coronal CTU (a) and retrograde pyelogram (b) 

images demonstrates a focal filling defect (white arrow) within the left mid-ureter consistent with 

urothelial cell carcinoma.  

 

 

UCC occurs far more frequently in the 

urinary bladder compared to the renal pelvis 

and ureter, and it also accounts for the 

majority of urologic malignancy detected in 

patients with microhematuria. Although CTU 

has shown to be up to 86.3% sensitive and 

92.4% specific for the detection of bladder 

cancer, cystoscopy remains the diagnostic 

gold standard and a key component of 

microhematuria evaluation for intermediate- 

and high-risk groups.2,30 Bladder UCC can be 

seen on CTU as a focal intraluminal filling 

defect or mass (Figure 6), however 

inadequate bladder distension or 

opacification may limit assessment.  
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Figure 6: 71-year-old male with gross hematuria: Axial CTU of the bladder shows an intraluminal 

mass (white arrow) in the urinary bladder that overlies the left ureteral orifice consistent with 

urothelial cell carcinoma.

Given the widespread adoption of CTU in 

lieu of intravenous urography, the AUA 

previously released guidelines in 2012 

recommended that all patients over the age of 

35 with asymptomatic microhematuria 

undergo cystoscopy and radiologic 

evaluation with CTU or MRU to rule out 

urologic malignancy.31 Studies have since 

demonstrated that while CTU is the most 

comprehensive study to evaluate the 

urothelium, the probability of urothelial 

malignancy in microhematuria is very low 

especially in patients younger than 50 years 

of age with one study finding no 

malignancies in 442 patients with at most a 

theoretical 1% risk.32 A simulation model 

analyzing the costs of hematuria workup for 

patients aged 35 years or older showed 

uniform CT imaging was associated with 

higher health care costs, false positives, and 

radiation exposure with only marginally 

increased cancer detection.1 One caveat of 

the aforementioned analysis is that the 

estimate of 91% ultrasound sensitivity was 

based on a singular study by Aslaksen et al in 

1990 which did not compare ultrasound with 

CT, but rather with intravenous 

urography.1,33  Concerns for secondary 

malignancy risk due to radiation exposure 

were highlighted by Yecies et al, although 

risk models secondary to radiation dose 

should be evaluated in the context of 

continued evolution in dose reduction 

techniques.34 In 2020, the AUA 

acknowledged the very low rates of cancer 

and the associated costs of imaging 

evaluation, which led to recommendations 

for CTU primarily for high-risk groups and 

thus was more in alignment with other 

society guidelines.2 

 

3.2.3 MR Urography 

 

MR urography (MRU) offers a similar 

imaging assessment of the kidneys, urinary 

collecting system, and bladder compared to 

CTU without the need for ionizing radiation. 

Also, MRU can potentially provide more 

information about lesion characterization 

than radiography, US, and CT by 
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demonstrating unique tissue properties such 

as T1/T2 relaxation times and diffusion 

restriction.23 A typical MRU examination 

consists of T2-weighted, T1-weighted 

images with chemical shift imaging and fat 

suppression before and after gadolinium-

based intravenous contrast, as well as 

diffusion-weighted imaging. With these 

techniques, both the renal parenchyma and 

urothelium can be assessed with static T2-

weighted (fluid sensitive) sequences and 

multiphasic post-contrast sequences at 

predetermined timed intervals, including 

delayed excretory phases. Although 

providing diagnostic quality images of the 

abdomen and pelvis with the full complement 

of sequences can be technically challenging 

at times, techniques such as parallel imaging, 

motion compensation techniques, and 

compressed sensing can aid in shortening 

examination times and improve image 

quality.35 Major limitations to MRU include 

higher cost, lengthy examination times, 

limited availability of MR scanners, and 

reliance on technical expertise.23  

 

Compared to CTU, MRU has similar 

diagnostic accuracy in evaluating renal 

masses if protocolled with the full 

complement of T1 and T2-weighted 

sequences, chemical shift imaging, diffusion-

weighted imaging, and multiphasic post-

contrast sequences with the added benefit of 

potentially differentiating tumor subtypes.35-

36 For example, clear cell renal cell carcinoma 

may show increased T2-weighted signal 

intensity, intralesional microscopic fat, 

restricted diffusion, avid enhancement, and 

washout on dynamic contrast-enhanced 

images. On the other hand, upper urinary 

tract UCC may show low signal on T2-

weighted images with marked restricted 

diffusion and progressive low-level 

enhancement on dynamic contrast-enhanced 

images. Similar to CTU, excretory phase 

images on MRU can be evaluated for filling 

defects that would necessitate direct 

visualization with cystoscopy or 

ureteroscopy (Figure 7). Razavi et al have 

suggested that MRU is less sensitive for 

detecting UCC compared to CTU with 

sensitivity and specificity of 69% and 97% 

versus 96% and 99% respectively.37 Unlike 

CT, MRU is relatively insensitive for 

evaluating urinary calculi.35 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)       (b) 

Figure 7: 71-year-old male with gross hematuria. Axial and coronal T1-weighted post-contrast 

excretory phase MR images with fat saturation demonstrates a small mass in the urinary bladder 

near the right ureteral orifice consistent with urothelial cell carcinoma. 
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3.2.4 Renal Ultrasound 

  

Ultrasonography utilizes the piezoelectric 

effect to produce high-frequency sound 

waves through a transducer, which interact 

and reflect off anatomic structures. The 

reflected sound waves are subsequently 

returned to the transducer and recorded to 

produce gray-scale, color Doppler and 

spectral Doppler images without the need for 

ionizing radiation. Ultrasonography is safe, 

portable, and relatively inexpensive 

compared to cross-sectional techniques such 

as CT and MRI. The disadvantages of 

ultrasonography are its inherent operator 

variability and limitations to optimally 

visualizing structures secondary to patient 

body habitus or bowel gas and is particularly 

limited in directly evaluating the ureters.38  

 

Ultrasonography can effectively evaluate for 

urinary calculi, which appear as bright, 

echogenic foci relative to the renal 

parenchyma, often with a deep hypoechoic 

shadow due to acoustic attenuation also 

known as shadowing. Urinary calculi may 

also demonstrate rapidly alternating colors on 

color Doppler imaging, also known as a 

twinkling artifact.39 The pooled sensitivity 

and specificity for the detection of renal 

stones on ultrasonography were determined 

to be 45% and 94% respectively.40 

Ultrasonography is generally less sensitive 

than MDCT and plain radiography for the 

detection of urinary calculi, particularly for 

stones <3-4 mm.41-42 However, a 

combination of abdominal radiography and 

ultrasound may be a reasonable alternative to 

CT for the detection of clinically significant 

stones, while accepting reduced sensitivity 

for small stones.43 

 

Renal cortical neoplasms such as renal cell 

carcinoma can have varied appearances on 

ultrasound although most commonly they 

appear as a solid or complex cystic cortically-

based mass. The echotexture of renal cell 

carcinoma on ultrasound can be hypoechoic, 

isoechoic, or hyperechoic relative to the renal 

parenchyma, which often overlaps with 

benign lesions such as angiomyolipoma or 

oncocytoma. Renal cell carcinoma presenting 

as a cystic mass will demonstrate internal 

complexity such as mural nodularity and 

internal septations, which can be readily 

characterized on ultrasound. Renal cell 

carcinoma may also demonstrate increased 

vascularity on color Doppler imaging (Figure 

8).44 Contrast-enhanced ultrasound is an 

emerging technique that utilizes 

microbubbles as a contrast medium to 

characterize renal lesions and shows promise 

in detecting renal malignancy, most notably 

when examining enhancement 

characteristics.45-46  
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Figure 8: 57-year-old male with incidental left renal mass: Sagittal color Doppler ultrasound of 

the left kidney demonstrates a partially exophytic mass originating the renal cortex with internal 

vascularity, consistent with renal cell carcinoma.  

 

Upper urinary tract urothelial cancers such as 

UCC may present as an echogenic soft tissue 

mass in the renal sinus (Figure 3).29 The 

reported sensitivity and specificity in the 

literature vary widely and are limited by the 

very low prevalence and heterogeneity of the 

reference standard. One study of 2138 

patients with microhematuria showed 

ultrasound was 100% sensitive in identifying 

upper urinary tract malignancy in 12 patients 

(9 cases of renal cell carcinoma and 3 cases 

of upper tract urothelial carcinoma); all the 

patients were followed up clinically with no 

presenting malignancies within 3 years and 

only 1.6 cases of upper tract urologic 

malignancy per 10,000 person-years all 

found after 3 years.47 Aslaksen et al reported 

ultrasound detected 3 out of 4 urothelial 

cancers of the renal pelvis in 1306 patients 

with tissue diagnosis and clinical follow-up 

as the reference standard.33 Depending on the 

degree of infundibular involvement, 

hydronephrosis may be identified. In contrast 

to CTU, ultrasonography cannot reliably 

assess urothelial cancer of the ureters because 

they are rarely visualized in their entirety due 

to their retroperitoneal location and overlying 

bowel gas, although detection of 

hydronephrosis or even hydroureter may 

prompt investigation for an obstructing 

ureteral mass.  

 

3.2.5 Retrograde pyelography 

   

The AUA guidelines mention utilization of 

retrograde pyelography in conjunction with 

unenhanced axial imaging and renal 

ultrasound if there are contraindications to 

CTU or MRU such as poor renal function or 

iodinated contrast allergy. Retrograde 
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pyelography involves the opacification of the 

urinary collecting system with instillation of 

contrast at the ureteral orifice under 

fluoroscopic guidance in conjunction with 

cystoscopy. Retrograde pyelography is a 

radiographic imaging technique without the 

cross-sectional information afforded by CT 

or MRI and therefore is limited by the 

presence of overlapping structures and 

reduced soft-tissue contrast. Although the 

exam may be performed as an office-based 

procedure, the majority are performed in the 

operating room during cystoscopy or 

ureteroscopy which incurs additional cost 

and need for anesthesia. Retrograde 

pyelography is also limited by the inability to 

comprehensively evaluate the renal 

parenchyma and perirenal soft tissues. 

Despite these limitations, retrograde 

pyelography is effective in the evaluation of 

the urinary tract and ruling out urothelial 

malignancy. A retrospective study showed 

retrograde pyelography to be 97% sensitive 

and 93% specific for urothelial tumors with 

similar rates found for CTU.48 Lesions 

concerning for malignancy will demonstrate 

focal filling defects of the urothelium (Figure 

5b). To our knowledge, no studies evaluating 

for the diagnostic accuracy of retrograde 

pyelography in microhematuria currently 

exist.  

 

3.5.6 First-line CTU or Ultrasonography? 

 

The recommendation for CTU versus 

ultrasound as the initial imaging study for 

asymptomatic microhematuria is limited by a 

lack of studies that directly compare 

diagnostic performance between the two 

modalities. A recent retrospective study of 

575 patients by David et al of a mixed but 

mainly gross hematuria group of high-risk 

patients whose ultrasounds were followed by 

CTU showed the diagnostic accuracy of 

ultrasound and CTU to be 95.8 and 99.1% 

respectively (8 renal cell carcinomas and 4 

upper tract urothelial carcinomas) with both 

modalities demonstrating 100% sensitivity.49 

This study was strong in comparing both 

modalities but limited in the rather small 

number of actual carcinomas.  Another recent 

study this one by Tan et al followed separate 

groups using either ultrasound or CTU but 

not both and found that CTU detected three 

times as many upper urinary tract 

malignancies (renal cell carcinoma and 

urothelial carcinoma) than ultrasound: 

53/1692 (3.1%) vs 21/2166 (1.0%).10 The 

role of possible selection bias was not 

addressed by the authors.  To our knowledge, 

the most numerous renal masses in a head-to-

head comparison was performed in 1996 

comparing CT with ultrasonography 

studying 205 masses of which 30 were solid 

renal cancers.  That study demonstrated 

reduced sensitivity of ultrasound for renal 

lesions less than 3 cm, although a significant 

number of lesions smaller than 1 cm were not 

detected by either modality.50 More studies 

with greater numbers of cancers using state-

of-the-art ultrasound and CTU with attention 

to diverse populations (i.e. greater BMI) is 

still needed.   

 

However, given the indolent course of many 

urologic neoplasms and an increasing elderly 

patient population detecting smaller cancers 

may not lead to better life expectancy.  More 

research evaluating the benefit of identifying 

smaller urologic cancers is warranted, 

particularly since more small lesions are 

managed with surveillance or minimally 

invasive percutaneous techniques rather than 

surgical resection. Cost and burden on 

healthcare economics is another important 

consideration, particularly in the era of 

healthcare cost containment.51 Halpern et al 

suggested that replacing ultrasound with 

CTU in the evaluation of hematuria would 

increase the cost by $6.5 million per 10000 

evaluations to detect just 1 additional 

cancer.52 Finally, the risk of medical harm 
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from the radiation from a CTU may outweigh 

any diagnostic benefit especially in low-risk 

patients that are younger where there are 

greater radiation risks.53  Long-term effects 

of radiation exposure by CTU have an 

attendant potential risk for secondary 

malignancies, which is likely being mitigated 

with optimized CTU techniques (e.g. split-

bolus technique), iterative reconstruction, 

and/or dual-energy techniques.1  More large-

scale studies will be necessary to further 

clarify the optimal imaging modality and 

inform future guidelines.  

 

4. Future Directions 

 

The optimal imaging evaluation for patients 

with asymptomatic microhematuria is 

controversial given the high prevalence of 

hematuria in the general population and low 

pretest probability for urologic malignancy, 

particularly in the low-risk population. More 

large-scale, preferably prospective, studies 

will be needed to determine optimal image 

evaluation algorithms that maximize 

diagnostic yield while minimizing associated 

health care costs and radiation exposure. 

Much of the CTU radiation dosing and 

diagnostic accuracy reflected in the literature 

are representative of heterogeneous CTU 

protocols, which continue to evolve and vary 

by institution. Advances in iterative 

reconstruction and dual-energy CT will have 

to be included in the context of radiation dose 

and diagnostic performance in future studies. 

Moreover, increased MRI availability and 

advances in MRU acquisition would warrant 

further study in the context of hematuria 

compared to other imaging modalities. 

Finally, long-term longitudinal data that 

compares imaging modality with survival 

and morbidity would be beneficial for 

evaluating optimal diagnostic approaches.  

 

5. Conclusion and Recommendations 

 

The diagnostic imaging evaluation of 

hematuria should be tailored to the degree of 

red blood cells detected by formal urinalysis 

as well as the clinical evaluation with a 

thorough history, physical exam and 

laboratory biomarkers. Patients who meet 

criteria for gross hematuria should proceed 

directly to CTU, while patients with 

microhematuria should be risk stratified 

according the level of suspicion for urologic 

malignancy. Generally speaking, low- and 

intermediate-risk patients should receive 

ultrasound as the first line upper urinary tract 

imaging modality with CTU reserved for 

high-risk patients and to further evaluate 

patients with abnormal ultrasound findings 

(Figure 9). MRU or retrograde pyelography 

may be considered as an alternative for upper 

urinary tract imaging if there are 

contraindications for CTU. For low- and 

intermediate risk patients in particular, 

shared decision-making between the 

clinician and the patient regarding the 

diagnostic evaluation and imaging modality 

is encouraged. Diagnostic algorithms for 

microhematuria and the first-line imaging 

study of choice may vary across international 

societal guidelines and more research is 

warranted to identify the imaging modality 

that optimizes the patient’s pretest 

probability, diagnostic accuracy, and 

healthcare cost.
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Figure 9: Example diagnostic imaging algorithm for the evaluation of hematuria adopted from the 

2020 AUA guidelines. Note. *= MRU or retrograde pyelography may be considered as an 

alternative to CTU 
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