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OUTLINE OF COURSE

� Introduction + background

� AUA Microhematuria Guidelines: 20202025

� What has�and what has not�changed

 Risk stratification/evaluation

 Upper tract imaging

 Urine markers

� Questions

� BPH bleeding

� Hemorrhagic cystitis
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LEARNING OBJECTIVES

� Implement AUA Guidelines for evaluation of 
microscopic hematuria into clinical practice

� Recognize risk-based stratification

� Understand role of urinary markers

� Create strategies for treating refractory 
hemorrhagic cystitis

©2013 MFMER  |  slide-5

BACKGROUND TO HEMATURIA

� One of the most common urologic diagnoses 
� 27% of all urologic evaluations

� Microhematuria noted in 6.5% of healthy 
participants in screening studies (range 2.4-31.1%)

� 35-65% of patients with hematuria are 
diagnosed with a urologic or renal condition, 
many of which require treatment

Mariani AJ et al, J Urol 1989;141:350

Antoniewicz A et al, ISRN Urol 2012; 2012:710734

Davis R et al, J Urol 2012;188:2473
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UNDERSTANDING THE LANDSCAPE OF 
HEMATURIA: A TALE OF TWO DIAGNOSES

� Microhematuria

� LOTS of studies, inclusive of LOTS of 
patients  robust data, guidelines

� Gross hematuria (hemorrhagic cystitis)

� Fewer studies, fewer patients included 
limited data, no (yet) guidelines
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ETIOLOGY OF HEMATURIA

� Considerations of source include from where 
urine produced to where urine excreted

� Nephrologic - medical renal disease

� Urologic
� BPH, infection, stones

� Malignancy

� Urothelial, renal, prostate

©2013 MFMER  |  slide-8

� Patients referred for hematuria to 40 hospitals 2016-2017

� 65% gross hematuria, 35% microhematuria

� All had cystoscopy + upper tract imaging

� Incidence of urinary tract cancers = 10%

� Bladder cancer = 8%; renal parenchymal cancer = 1%

� Upper tract urothelial carcinoma=0.7%; prostate cancer=0.3%

� Malignancy in 13.8% with gross heme vs 3.1% with micro
Eur Urol 2018
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� International multicenter prospective 
observational study

� 10,896 patients (~ 2/3 with gross hematuria)

� Cancer diagnosed in 26% with gross hematuria 
versus 6.38% with microhematuria

� Bladder cancer diagnosed in 22.4% vs 5.23%
Khadhouri S et al, BJU Int 2021
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SO WHERE HAS SUCH DATA LANDED US IN 
TERMS OF HEMATURIA EVALUATION?

� Gross hematuria: recognized risk factor for 
malignancy

�  CT Urogram, cystoscopy, urine cytology

� Microhematuria: overall diagnostic yield very low 
(low prevalence of cancer in most with hematuria)

� So if we did the same full evaluation for all:

� Waste resources ($$$$)

� False (+)�s  more testing

� Complications/discomfort from testing

©2013 MFMER  |  slide-11

SO WHERE HAS SUCH DATA LANDED US IN 
TERMS OF HEMATURIA EVALUATION?

� However�if we don�t evaluate patients with 
microhematuria who have risk factors for malignancy

�  risk delay in diagnosis of urinary tract cancer 

�  increased mortality

� Therefore, key with microhematuria = risk assessment

� Approach = risk-based evaluation
� Best for patients

� Best for healthsystem

©2013 MFMER  |  slide-12JAMA Intern Med 2017

� Minimal incremental benefit for CT 
over US, and much higher cost
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GOALS OF AUA MH GUIDELINES

� Provide risk-based, patient-centered approach 
� Minimize harms and waste of over-evaluation in low-

risk = improve specificity

� Maintain detection in those at higher risk = maintain 
sensitivity

� Improve adherence by making a more judicious 
set of guidelines that remain �user friendly�

� Continued refinement with evolution of data
� Guidelines periodically updated � most recently 2025

©2013 MFMER  |  slide-14

KEY PRINCIPLE OF RISK BASED 
APPROACH TO MH: 

AVOID DELAY IN OR MISSED 
HEMATURIA EVALUATION WHEN 

INDICATED�
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� SEER-Medicare 1992-2002
� Patients with hematuria within 1 year of bladder ca dx

� Delay in dxsignificantly increased risk of death

Cancer 2010;116:5235-5242
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WHAT FACTORS MAY LEAD TO A 
DELAY IN HEMATURIA EVALUATION?

©2013 MFMER  |  slide-17

� In year prior to bladder cancer diagnosis, 
patients have significant increase in antibiotic 
prescription for UTI versus reference cohort

� Overlap of symptoms?
Eur Urol Oncol 2025

Men Women

©2013 MFMER  |  slide-18Liedberg F et al, Eur Urol Oncol 2025
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AND WHO IS PARTICULARLY 
AT RISK FOR MIS-DIAGNOSIS 

WITH UTI?

©2013 MFMER  |  slide-20

� Days from hematuriabladder cancer dx longer in F

� F more likely to be (mis) diagnosed with UTI

� F less likely to undergo abdominal/pelvic imaging

Cancer 2014;120:555-561

©2013 MFMER  |  slide-21

� No significant difference in rates of gross hematuria or 
irritative LUTS btw men and women

HOWEVER,

� 78% of M vs 55% of F consulted a urologist (p<0.05)

� Sx treatment w/o further eval given to 19% of M vs 
47% of F during yr before bladder cancer dx (p<0.05)

� ≥ 3 tx for UTI given to 3.8% of M vs 15.8% of F (p<0.05)
BJU Int 2013;112:68-73
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TAKE-HOME MESSAGES

� Differential diagnosis: infection, stones, BPH, 
medical renal dz, cancer

� Risk of urinary tract cancer > for gross vs micro

� Bladder cancer = most common urinary tract 
cancer a/w hematuria

� Be wary of diagnosis of UTI (esp. in women) 
as explanation for hematuria!

� AUA Microhematuria Guidelines aim for risk-
based, patient-centered approach

22
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Evaluation of Adults with Microhematuria:

Emphasis on AUA/SUFU Guideline 2025 Update

Dan Barocas, MD, MPH

William L. Bray Professor and 

Executive Vice Chair of Urology

Vanderbilt University Medical Center

Dan.barocas@vumc.org

@danbarocas

Disclosures

� Advisory boards

� Lantheus (PSMA PET)

� Pacific Edge (Cx bladder diagnostic test)

� Astellas/Pfizer (enzalutamide/Xtandi)

� Lynx Dx (MPS 2 prostate cancer diagnostic test)

Outline

� Definition of MH

� Initial evaluation

� Risk-stratified approach

� Follow-up after evaluation
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MICROHEMATURIA: 2025

AUA/SUFU GUIDELINE

*Referenced throughout the remainder of the talk

DIAGNOSIS AND DEFINITION

MH defined as > 3 RBC/HPF on 

microscopic evaluation of a 

single, properly collected 

specimen

Strong Recommendation; Evidence Level C

Dipstick detects peroxidase activity of 

hemoglobin with risk of false positives

� Myoglobinuria

� Dehydration

� Exercise

� Menstrual blood

� Povidone iodine

Thus, a positive dipstick test should 

prompt UA with microscopy.

Diagnosis and Definition

� Cohort of 46,000 patients

� Threshold of 3-10 

RBC/HPF had highest 

sensitivity (0.73) and 

lowest negative likelihood 

ratio (0.40) at threshold

Matulewicz RS et al, Bladder Cancer 2017; 3(1): 45-49

4

5

6



3/3/2026

3

- Smoking!

- History of gross hematuria

- Irritative voiding symptoms

- Prior pelvic radiation therapy

- Prior cyclophosphamide/ifosfamide

- Family history of urothelial ca or Lynch 

syndrome

- Occupational exposures

- Chronic indwelling foreign body

INITIAL EVALUATION

� History

� Risk factors for malignancy

� Localizing symptoms

� Physical exam

� Blood pressure

� Renal function measurement

� Directed GU exam

- Signs of medical renal disease

- Determine imaging modality

- As clinically indicated by symptoms and signs

INITIAL EVALUATION

When gynecologic or non-malignant urologic etiology is suspected, 

appropriate physical exam and tests should be performed to confirm 

the suspicion.

When gynecologic or non-malignant urologic etiology is diagnosed, 

UA should be repeated after resolution of that problem. If MH 

persists, clinician should perform risk-based MH evaluation.

When MH is attributed to UTI, UA should be repeated after treatment 

to ensure resolution of MH. WHY?

Sex Differences in Bladder Cancer Incidence and Survival

� Incidence is higher in men 

vs. women (3:1)
� 62,100 vs. 19,300 cases/yr

� Inferior 5-yr DSS for 

women vs. men

� 78.8% vs. 72.8%

� Driven by delayed diagnosis 

 more advanced disease

� Empiric treatment for �UTI�
Siegel R et al. Cancer Statistics 2020, CA Cancer J Clin 2020

https://seer.cancer.gov/statfacts/html/urinb.html; accessed Mar 20, 2022

Henning et al. BJU Int, 2013
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MEDICAL RENAL DISEASE

� Clinicians should refer patients with microhematuria for 

nephrologic evaluation if medical renal disease is 

suspected. However, risk-based urologic evaluation 

should still be performed.

ANTICOAGULATION

� Clinicians should perform the same evaluation 

irrespective of whether patients are taking antiplatelet 

or anticoagulation therapy. 

Do not omit urologic 

evaluation just 

because of medical 

renal disease or 

anticoagulation

SUMMARY

� Definition of MH

� Initial evaluation

� Risk-stratified approach

� Follow-up after evaluation

- 3 or more RBC/HPF on UA with micro

- Urine dip stick test insufficient

- History for bladder ca risk factors

- BP and renal function

- Directed physical exam as clinically indicated

- If benign etiology is suspected, confirm it, 

treat it, and repeat the UA after treatment to 

confirm resolution

- Do not modify approach for patients with 

known or suspected medical renal disease 

and those on anticoagulation

RISK-BASED MANAGEMENT

10
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RISK STRATIFICATION

� Following initial evaluation, clinicians should categorize patients presenting 

with microhematuria as low- (now low/negligible-), intermediate-, or high-risk 

for genitourinary malignancy based on the accompanying tables. (Strong 

Recommendation; Evidence Level: Grade C)

While the risk categories and risk-based evaluation recommendations 

have changed slightly, the concepts of risk-stratification and risk-based 

evaluation remain at the core of the AUA/SUFU Guideline

EVALUATION OF 2020 RISK STRATIFICATION SYSTEM

(Literature review in 2024)

1. Risk factors in 2020 system are appropriate

Risk Factors Included in AUA/SUFU 

Microhematuria Risk Stratification System

Age

Male sex

Smoking use

Degree of MH

Persistence of MH

History of gross hematuria

Additional Urothelial Cancer Risk Factors

Irritative lower urinary tract symptoms

Prior pelvic radiation therapy

Prior cyclophosphamide/ifosfamide chemotherapy

Family history of urothelial cancer or Lynch Syndrome

Occupational exposures to benzene chemicals or aromatic 

amines (e.g., rubber, petrochemicals, dyes)

Chronic indwelling foreign body in the urinary tract

EVALUATION OF 2020 RISK STRATIFICATION SYSTEM

(Literature review in 2024)

2. System stratifies patients by risk; low risk is really low 

HighIntermediateLowOverall

Number of pts;

% with cancer

Risk of 

Malignancy

5.7%3.1%0%

1,018

3.3%

Sanci et al 2021

6.3%1.0%0.4%

15,779

5.4%

Woldu et al 2021

1.3%0.2%0%

1,730 (women)

1.5%*

Saxon et al 2022

* In the Saxon study, 50% of patients were inappropriately referred or inappropriately evaluated. The overall % with cancer is estimated from 

the total number of cancers divided by the number of appropriate evaluations, whereas the percentage in each risk category is computed 

using all evaluated patients in the denominator. Sanci A, et al. Urology 2021

Woldu SL, et al. Urology 2022

Saxon GM, et al. Urology 2022
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3. Nuances of risk in women

� Most cancers found in women over 60

� So, women under 60 have low risk of malignancy

� Most cancers found in women with lower levels of MH

� So, evaluation of women with low degree of MH is justified if other 

risk factors are present 

EVALUATION OF 2020 RISK STRATIFICATION SYSTEM

(Literature review in 2024)

Saxon GM, et al. Urology 2022

RISK STRATIFICATION SYSTEM 2025

High

1.3-6.3%1-3

Intermediate 

0.2-3.1%1-3

Low/Negligible 

0-0.4%1-3

Risk of malignancy*

One or moreOne or moreAllNumber of criteria 

patient must meet

>25 RBC/HPF11-25 RBC/HPF3-10 RBC/HPFDegree of hematuria 

on a single urinalysis

History of gross hematuriaPreviously low-risk patient 

with no prior evaluation and 

3-25 RBC/HPF on repeat 

urinalysis

Alternative criteria for 

degree of hematuria

Women should not be 

categorized as high-risk 

based on age alone

≥60 years<60 yearsAge for women

≥60 years40-59 years<40 yearsAge for men

>30 pack years 10-30 pack years Never smoker or <10 pack 

years 

Smoking history

One or more plus any high-

risk feature

One or moreNoneOther risk factors for 

urothelial cancer (see 

Table 3)

LOW/NEGLIGIBLE-RISK (0-0.4%) 2025

Low/Negligible 

0-0.4%1-3

Risk of malignancy*

AllNumber of criteria 

patient must meet

3-10 RBC/HPFDegree of hematuria 

on a single urinalysis

Alternative criteria for 

degree of hematuria

<60 yearsAge for women

<40 yearsAge for men

Never smoker or <10 pack 

years 

Smoking history

NoneOther risk factors for 

urothelial cancer (see 

Table 3)

Clinicians should obtain repeat UA 

within 6 months

� Release if negative

� Recategorize if positive

� Intermediate (3-25 RBC/HPF) 

� High (>25 RBC/HPF)

NEW

Moderate Recommendation; Evidence Level: Grade C

16
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Clinicians may offer UBTM to decide 

whether to do cysto or not; patients who 

do not undergo cysto should get still get 

renal/bladder US

INTERMEDIATE-RISK (0.2-3.1%) 2025

Clinicians should recommend cystoscopy 

and renal US

Intermediate 

0.2-3.1%1-3

Risk of malignancy*

One or moreNumber of criteria 

patient must meet

11-25 RBC/HPFDegree of hematuria 

on a single urinalysis

Previously low-risk patient 

with no prior evaluation and 

3-25 RBC/HPF on repeat 

urinalysis

Alternative criteria for 

degree of hematuria

≥60 yearsAge for women

40-59 yearsAge for men

10-30 pack years Smoking history

One or moreOther risk factors for 

urothelial cancer (see 

Table 3)

Strong Recommendation; Evidence Level: Grade C

Conditional Recommendation; Evidence Level: Grade C

HIGH-RISK (1.3-6.3%) 2025

Clinicians should perform cystoscopy 

and axial imaging

CT Urogram preferred

May substitute MR Urogram or non-

contrast cross-sectional imaging plus 

retrograde pyelograms if CKD precludes 

iodinated contrast.

High

1.3-6.3%1-3

Risk of malignancy*

One or moreNumber of criteria 

patient must meet

>25 RBC/HPFDegree of hematuria 

on a single urinalysis

History of gross hematuriaAlternative criteria for 

degree of hematuria

Women should not be 

categorized as high-risk based 

on age alone

Age for women

≥60 yearsAge for men

>30 pack years Smoking history

One or more plus any high-

risk feature

Other risk factors for 

urothelial cancer (see 

Table 3) Strong Recommendation; Evidence Level: Grade C

RISK-BASED EVALUATION 2025

19
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� Risk stratification and risk-based management

� Low/negligible (0-0.4%)

� Women < 60 yrs

� Repeat UA within 6 months (evaluate if persistent MH)

� Intermediate (0.2-3.1%)

� Cystoscopy + Renal U/S recommended

� Urine-based tumor marker to triage for cystoscopy in selected cases

� High (1.3-6.3%)

� Cystoscopy + CT urogram

RISK-BASED EVALUATION 2025

FOLLOW-UP AFTER NEGATIVE 

EVALUATION

FOLLOW-UP

22
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CONTINUE TESTING FOR MH AFTER 

NEGATIVE EVALUATION?

� Studies show persistent MH is common (1/3 to 1/2), but 

risk of identifying malignancy on repeat evaluation is very 

low (1% or less)

� Benign diagnoses may cause persistent MH

� Enlarged prostate, Randall�s plaques and non-obstructing 

stones, pelvic organ prolapse, vaginal atrophy, interstitial 

cystitis

Pak et al, Uro Onc, 2021

Pichler et al, Anticancer Res, 2013

CONTINUE TESTING FOR MH AFTER 

NEGATIVE EVALUATION?

� Shared decision-making to decide whether to perform 

follow-up UA or release from care

� If follow-up UA is performed and negative, release from care

� If follow-up UA is performed and positive, shared decision-

making to decide whether to perform repeat evaluation

� Higher vigilance for those at higher risk (e.g., current 

smoker, history of pelvic XRT)

INDICATIONS FOR REPEAT EVALUATION

� Development of gross hematuria

� Significant increase in degree of MH

� New or progressive urologic symptoms

25
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SUMMARY

SUMMARY

CORE PRINCIPLES 

� Definition: > 3 RBC/HPF on UA with micro

� If benign etiology is suspected

� Confirm it, treat it, and repeat the UA after treatment to confirm resolution

� Do not modify approach for

� Suspected medical renal disease

� Anticoagulation

RISK STRATIFICATION SYSTEM 2025

High

1.3-6.3%1-3

Intermediate 

0.2-3.1%1-3

Low/Negligible 

0-0.4%1-3

Risk of malignancy*

One or moreOne or moreAllNumber of criteria 

patient must meet

>25 RBC/HPF11-25 RBC/HPF3-10 RBC/HPFDegree of hematuria 

on a single urinalysis

History of gross hematuriaPreviously low-risk patient 

with no prior evaluation and 

3-25 RBC/HPF on repeat 

urinalysis

Alternative criteria for 

degree of hematuria

Women should not be 

categorized as high-risk 

based on age alone

≥60 years<60 yearsAge for women

≥60 years40-59 years<40 yearsAge for men

>30 pack years 10-30 pack years Never smoker or <10 pack 

years 

Smoking history

One or more plus any high-

risk feature

One or moreNoneOther risk factors for 

urothelial cancer (see 

Table 3)

28
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RISK-BASED EVALUATION 2025

FOLLOW-UP

Thank you

dan.barocas@vumc.org

@danbarocas

https://www.auanet.org/guidelines-and-quality/guidelines
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Imaging for Hematuria

Jay D. Raman, MD, FACS, FRCS(Glasg)
Professor and Chair of Urology

Penn State Health
Hershey, PA

jraman@pennstatehealth.psu.edu
@urojdr

Why? When? Who? How? Repeat?

Disclosures
� Pacific Edge Biotechnologies

� Study site investigator (NCT03988309)                          

� Urogen Pharma LTD

� Study site investigator (NCT03558503)

� Study site investigator (NCT06774131)

� Steba Biotech S.A.

� Study site investigator (NCT04620239)

� CGOncology

� Study site investigator (NCT06111235)

� Study site investigator (NCT06567743

� Valar Labs

� Study site investigator (NCT582950)

Why ???
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Microhematuria AUA/SUFU Guideline 2025
@rav7ks

� 30 studies comprising > 24,300 patients

� Diagnostic yield

� Bladder Cancer - 2.74%

� Kidney Cancer - 0.10%

� UTUC - 0.09%

Waisbrod et al. JAMA Open 2021; 4: 5

Low Rates

Kang
0.3% upper-tract

(all RCC)

Low Rates

911 pts

MH only

Samson
0.3% upper-tract
(2 RCC, 1 UTUC)

1049 pts

MH only

Kang et al. Int J Urol 2015; 22: 389
Samson et al. Urol Oncol 2018; 36: 1

4
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Fankauser et al. World J Urol 2021; 39: 97

Higher Rates �

Fankhauser

< 1% upper-tract
(3 RCC)

432 pts

MH

415 pts

GH

1.7% upper-tract
(7 RCC, 4 UTUC)

When ???

When ???

7
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IR & HR pts

Strong Recommendation; Evidence Level C

High 

(patients meets one or more of 

these criteria)

Intermediate 

(patients meets one or more of 

these criteria)

Low/Negligible

(patients meet all criteria

• > 25 RBC/HPF

• History of gross hematuria

• Men age > 60 years

• Women not categorized as 

high-risk solely based on 

age

• > 30 pack years

• One or more of above plus

any additional Risk factors 

for urothelial cancer

• 11-25 RBC/HPF

• Women age >60 years; Men 

age 40-59 years

• 10-30 pack years

• Low/Negligible risk patient 

with no prior evaluation and 

3-25 RBC/HPF on repeat 

urinalysis

• Any additional Risk factors 

for urothelial cancer

• 3-10 RBC/HPF 

• Women age <60 years; Men 

age <40 years

• Never smoker or <10 pack 

years

• No risk factors for urothelial 

cancer

Irritative LUTS; Prior Pelvic Radiotherapy
Certain Prior Chemotherapy agents
Occupational Exposure; Indwelling foreign body
Family History of Urothelial CA

Risk factors
for UCC

Who ???

Microhematuria AUA/SUFU Guideline 2025

47 year old female with 5 RBC/HPF, never 
smoker, no risk factors for urothelial CA; 

family hx of tuberous sclerosis

Risk stratification = 

Evaluation =

LOW

at a minimum, some type of 
upper-tract imaging needed

Genetic syndromes

� Patients with MH with 
family hx of RCC or
known renal tumor 
syndrome should get 
upper-tract imaging

Barocas et al. J Urol 2020; 204: 778

� Irrespective of MH risk strata

� Imaging type = provider discretion

10

11
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How ???

Guideline Statement

Microhematuria AUA/SUFU Guideline 2025

Clinicians should recommend 
cystoscopy and renal ultrasound in 

patients with MH categorized as 
intermediate risk for malignancy.

Strong Recommendation; Evidence Level C

RUS vs. CT

RUS

Less expensive

No ionizing radiation

No IV contrast

Identifies cortex lesions

Operator dependent

Low sensitivity for UTUC

CT

More expensive

Ionizing radiation

IV contrast

Identifies cortex lesions

Operator independent

High sensitivity for UTUC

13
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Why RUS for IR

� Risk for upper-tract cancer (kidney or UTUC) 
is low

� CT imaging has potential for unexpected 
incidental findings

� Performance characteristics of U/S are 
overall quite good

Risk of Cancer

1.3% - 6.3%
Sanci et al. Urology 2021; 154: 28
Woldu et al. J Urol 2021; 205: 1387 
Saxon et al. Urology 2022; 160: 34

0.2% - 3.1%

HR

IR

Lai et al. Urology 2016; 95: 34

� 202 patients with MH

�2 pts (1%) with GU malignancy (RCC)

�60 pts (30%) with stones

�150 pts (74%) with extra-urinary findings

16
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Total cost: 
~ $140,000 USD

Per patient cost:
~ $700 USD 

Lai et al. Urology 2016; 95: 34

Taylor et al.  J Urol 2023; 209: 1099

� For detection of RCC or UTUC, RUS 
performance characteristics

�Sensitivity � 14 - 96% (low certainty of evidence)

�Specificity � 99 - 100% (moderate certainty of evidence)

Taylor et al.  J Urol 2023; 209: 1099

19
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Bochner et al.  Urology 2026; 207: 196

� 5167 patient with MH who underwent 
CT, RUS, or both

� Potpourri of imaging � retrospective

� RUS missed

� 1 bladder, 2 UTUC, 5 RCC 

Guideline Statement

Microhematuria AUA/SUFU Guideline 2025

Clinicians should perform cystoscopy
and axial upper tract imaging in patients 

with MH categorized as high-risk for 
malignancy

Strong Recommendation; Evidence Level C

Upper Tract Imaging
Options for HR MH

Microhematuria AUA/SUFU Guideline 2025
Moderate  Recommendation; Evidence Level C

If there are no contraindications to use, 
clinicians should perform multiphasic CT 

urography

22
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Preferred study

� Multiphasic CT urography should 
include imaging of the urothelium

� Triphasic (essential)

� Non-contrast

� Nephrographic phase (100 seconds)

� Excretory phase (10 � 15 minutes)

Vikram et al. AJR Am J Roentgenol 2009; 192: 6

CT Urography
Non-contrast Nephrographic

Excretory or Pyelographic

CT Urography

Raman et al. AJR Am J Roentgenol 2013; 201: 6

25
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CT Urography

Performance characteristics are 
notably better for GH than MH

Taylor et al.  J Urol 2023; 209: 6 

Low Dose Protocol

Split Dose Protocol

Dual Energy 

Split Dose CTU

Standard single dose

� Non-contrast CT

� 300mg/ml contrast

� 2.5 ml/sec injection

� 90 mL bolus

� Nephrographic images 
after 90s

� Excretory images at 10 
min

Split dose protocol

� Non-contrast CT

� 300mg/ml contrast

� 2.5 ml/sec injection

� 50 mL bolus followed by 
80mL bolus 9 min later

� Nephrographic and 
excretory images 90s 
after 2nd bolus

Maheshwari et al. AJR Am J Roentgenol 2010; 194: 2

28
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Iodine Contrast Induced 
Nephropathy

Davenport et al. Radiology 2020; 294: 3

Risk of contrast nephropathy is low! 

Iodine CIN

CT Urography

� Contraindications (none absolute)

� Chronic kidney disease (CKD)

� Allergy to iodine-based contrast

� Pregnancy

� Few pts fall into high-risk group

� Renal U/S during pregnancy; consider CT or 
MRI after delivery 

Microhematuria AUA/SUFU Guideline 2025

31
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Upper Tract Imaging
Options for HR MH

Microhematuria AUA/SUFU Guideline 2025
Moderate  Recommendation; Evidence Level C

If there are contraindications to 
multiphasic CT urography, clinicians may 

use magnetic resonanace urography 
(MRU)

MRU has adequate sensitivity for 
renal cortical tumors and UTUC; 
lower for nephrolithiasis

Microhematuria AUA/SUFU Guideline 2025
Moderate  Recommendation; Evidence Level C

MR Urography

� Advantages

� Maintain upper-tract parenchymal and 
excretory system visualization

� Obviates radiation exposure of CT

� Liberal renal function thresholds

Microhematuria AUA/SUFU Guideline 2025
Moderate  Recommendation; Evidence Level C

34
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Nephrogenic Systemic 
Fibrosis (NSF)

Hardened skin with fibrotic 
nodules and plaques

Dermal fibroblasts, 
dendritic cells, collagen, 

elastin, and mucin

Gadolinium and CKD

Group II/III agents with very low risk of 
nephrogenic systemic fibrosis 

Weinreb et al. Radiology 2021; 298: 1

Gadolinium and CKD

ACR Manual On Contrast Media, 2023

37
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MR Urography

� Contraindications

� Pacemakers

� Mobile (small) metal fragments (i.e. 
welders)

Microhematuria AUA/SUFU Guideline 2025

MR Urography

� Disadvantages

� Significantly longer study than CT

� Access

� Claustrophobia

� Cost: CT urogram (~473 USD) vs. MR 
urogram (~964 USD)

medicare.gov/procedure-price-lookup/

Upper Tract Imaging
Options for HR MH

Microhematuria AUA/SUFU Guideline 2025
Moderate  Recommendation; Evidence Level C

If there are contraindications to 
multiphasic CT and MR urography, 

clinicians may use retrograde 
pyelography

40
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Other options

� Parenchymal imaging

� CT non-contrast

� MRI non-contrast

� Renal ultrasound

� Excretory system imaging

� Retrograde pyelography

Repeat ???

� 103 patients with negative CTU and persistent 
hematuria (gross and microscopic)

� No new diagnoses of urothelial cancer within 3 years

� 45 patients with suspicious CTU 

� 4 (8.9%) malignancies

Mullen et al. AJR Am J Roentgenol 2015; 204(2) 318-323

Repeat ???

Pak et al. Urol Oncol 2021; 300: e1

� Of 1304 pts with negative MH workup, 637 
with persistent MH

� 317 with repeat upper tract imaging at median 
39 months

� 4 new renal masses (1.3%)

43
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Imaging Summary

� Risk of upper-tract pathology is low � 
but not negligible

� RUS for IR; axial imaging for HR

� Low yield in repeating imaging in first 
few yrs after negative evaluation

Thank you
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Biomarkers and 

Microscopic Hematuria

Mary Beth Westerman, MD FACS
University of North Carolina - Chapel Hill

Pre-Test1

Biomarker Basics2

Practical Implementation4

Biomarkers & the Guidelines3

Conclusions5

Agenda

Clinical Scenario 

A 65yo female with 5rbc/hpf and no other risk factors is referred to your clinic.

Which of the following is an appropriate initial evaluation?

a) repeat UA within 6 months

b) urinary biomarker + renal ultrasound 

c) cytology + CT Urogram

d) cystoscopy + CT Urogram

e) urinary biomarker + non contrast CT scan

1

2

3
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Pre-test probability of bladder cancer: 2.5%

99%Sensitivity

90%Specificity

Clinical Scenario 
The patient prefers a urinary biomarker test rather than cystoscopy. Her biomarker

test is positive. How likely are you to find bladder cancer on cystoscopy given

these test characteristics?

a) 100%

b) 90%

c) 75%

d) 50%

e) 20%

Test Characteristics

Poll

Are you currently or planning to incorporate biomarkers in your microscopic

hematuria evaluation pathway?

a) Yes - currently using biomarkers

b) Strongly considering using biomarkers

c) Maybe - Interested in learning more

d) No interest  

Transition slide - image
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A biological molecule found in 

blood, other body fluids, or 

tissues that is a sign of a 

normal or abnormal process, 

or of a condition or disease

What is a biomarker?

Urinary 

Biomarkers

Primary Care

Specialist 

Accelerate Referral

Improve Risk 

Stratification

Urinary Biomarker for Bladder Cancer Detection

10%
prevalence of MH among 

adults

2026 US Adult population 

276.8 million 27.6 million 

biomarker 

tests/year!

Potential Market

7

8
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(Perfectly) Accurate Biomarker

(also cheap, can be done at home, easy to 

interpret results, no paperwork)

High sensitivity 

� All the patients who have bladder cancer get a positive result

￭ SNOUT: Sensitive test Negative rules OUT

� no false negatives

High specificity 

� No patient without bladder cancer gets a positive result 

￭ SPIN: Specific test Positive rule IN 

� no false positives

Unfortunately the perfect biomarker 

doesn�t exist (yet)

So understanding test characteristics still matters

Transition slide - image
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Who are you using the test inPopulation

How many cases are present in a 
particular population at a given 

time?
Prevalence

If the test is positive how likely is 
it that the person has the 

disease?

Positive 
predictive value

If the test is negative how likely is 
it that the person does not have 

the disease

Negative 
predictive value

Test Characteristics

Bladder cancer prevalence is relatively 

low in MH patients 

(0-6%)

As prevalence goes down NPV goes up

probability patient has the disease before a diagnostic test 

(~prevalence)
Pre-test Probability

probability patient has the disease after a diagnostic test 

(~positive predictive value)
Post-test probability

Test characteristics 

Woldu et al, Urol Oncol 2021; 39(11): 787

de Jong, J J, et al. Eur Urol Onc, 2022

High Risk MH Risk Stratification 
(AssureMdX)

13
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Transition slide - image

(Original) Biomarkers for the Detection of Bladder Cancer  

IN APPROPRIATELY COUNSELED INTERMEDIATE 

RISK PATIENTS WHO ACCEPT THE RISK OF 

FORGOING DIRECT VISUAL INSPECTION OF THE

UROTHELIUM CLINICIANS MAY OFFER URINE 

CYTOLOGY OR VALIDATED URINE BASED TUMOR 

BIOMARKERS TO FACILITATE DECISION 

REGARDING CYSTOSCOPY

CONDITIONAL RECOMMENDATION: LEVEL C

STATEMENT 13

16
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FOR PATIENTS WITH INTERMEDIATE-RISK MH 

WHO DO NOT UNDERGO CYSTOSCOPY BASED 

ON URINARY MARKER RESULTS, CLINICIANS 

SHOULD OBTAIN A REPEAT UA WITHIN 12 

MONTHS. SUCH PATIENTS WITH PERSISTENT 

MH SHOULD THEN UNDERGO CYSTOSCOPY.

STRONG RECOMMENDATION: LEVEL C

STATEMENT 14

CLINICIANS SHOULD NOT ROUTINELY USE URINE 

CYTOLOGY OR URINE-BASED TUMOR MARKERS 

IN THE INITIAL EVALUATION OF 

LOW/NEGLIGIBLE- OR HIGH-RISK PATIENTS WITH 

MH. 

STRONG RECOMMENDATION; EVIDENCE LEVEL C

STATEMENT 19

CLINICIANS SHOULD NOT ROUTINELY USE 

CYTOLOGY OR URINE-BASED TUMOR MARKERS 

AS ADJUNCTIVE TESTS IN THESETTING OF A 

NORMAL CYSTOSCOPY.

STATEMENT 20

STRONG RECOMMENDATION; EVIDENCE LEVEL C
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CLINICIANS MAY OBTAIN URINE CYTOLOGY FOR 

HIGH-RISK PATIENTS WITH EQUIVOCAL 

FINDINGS ON CYSTOSCOPIC EVALUATION OR 

WITH PERSISTENT MICROHEMATURIA AFTER A

NEGATIVE WORKUP WHO HAVE IRRITATIVE 

VOIDING SYMPTOMS OR RISK FACTORS FOR 

CARCINOMA IN SITU.

STATEMENT 21

EXPERT OPINION

Transition slide - image

Criteria for inclusion

� NPV for the assay was reported in a purely MH population or

� MH patients comprised ≥25% of total hematuria population and

� Included ≥100 microhematuria patients.

CxBladder 

Resolve

CXBladder Triage

NMP22 qualitative

Cytology

Urovysion Fish

Xpert

AssureMDx

EarlyTectBCD

ASSAYS IN INITIAL GUIDELINE PUBLICATION SUBSEQUENT ADDITIONS

Barocas, et al. J. Urol, 2025

22
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CYTOLOGY

PPVNPVSpecSens
N (MH)

prevalence

100%95%100%20%
149

3.3%
Feifer, 2010

0%96%100%0%
200

4%
Pan, 2021

31%98%98%36%
384

2.9%

vanValenberg, 

2021

Feifer et al, Urology, 2010

Pan et al. Amer Journal Clin Exp Urol 2021

van Valenberg et al. EU Onc, 2021

FDA Approved: Yes

CMS Covered: Yes

Pathologic Interpretation

Medicare Reimbursement: 

~$25

FDA Approved: yes (2000)

CMS Status: Covered in certain circumstances*

CPT: 88120 or 88121 ($566-$822)

Must be billed by CLIA certified lab

Requires pathologist

Kit Storage: -20

35cc urine shipped immediately (ambient) or 

overnight if refrigerated  

Turn around: 7 days

UROVYSION

PPVNPVSpecificitySensitivity
N (MH)

Prevalence

16%99%90%64%
n=384

2.9%
UroVysion

van Valenberg et al. EU Onc, 2021

25
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Score <4 = low probability of UC

FDA Approved: No

CLIA certified: yes

CPT: 0363U:  $760

5ml Urine

Send Out

No Refrigeration required

7-day turnaround

Can be integrated into EMR

Lotan et al., J Urol, 2024

Only marker with a grade �A� level of 

evidence in MH Guidelines

PPVNPVSpecSens
N (MH)

Prevalence

22%98.9%76%89%
254

7.0%
AUA HR

0100%82%NA
49

0
AUA IR 

Savage et al, 2026

Combined performance characteristics for all MH 

not provided

28
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Point of Care

4 drops urine

30 minutes to results

Order in bulk from Abbott

FDA Status: Approved

CMS Coverage for MH: No

CLIA waived

CPT: 86386

National Average Reimbursement

PPVNPVSpecSens
N (MH)

Prevalence

7.1%99.2%96.6%25%
409

1.2%

NMP22

PPVNPVSpecSens

N (MH)

Prevalenc

e

7.7%100%85.2%100%
164

1.2%

NMP22

European Urology, 2013

Urologia internationalis, 2011

FDA Status: Breakthrough Device Designation (2023)

Formal approval not required

CLIA certified: yes

PLA: 0452U

CPT: 81401

CMS CLFS: $192 (1/1/2025)

20ml urine

stable refrigerator/RT: 14 days

Results: 2-7 days

31
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PPVNPVSpecSens
n(MH)

prevalence

----------87.5%
455

8.8%

Jeong

2025

44.4%95.9%93.3%57.1%
82

8.5%

Bang

2024 Jama Onc, 2025

Journal of Molecular Dx, 

2024

Not provided for MH 

only

FDA Approved: No 

CPT: N/A ~5-20$/cartridge

Voided specimen

Cartridge use within 30 

min

Decentralized Lab

90min  turnaround

European Urology 2021

PPVNPVSpecSens
N (MH)

Prevalence

12%99%84%73%
n=384

2.9%
Xpert

34
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FDA Approved : No

CLIA Certified: Yes

CMS Status: Investigational

PLA CODE: 0613U (1/1/2026)

30ml urine

Same day shipping (Fed ex)

Must be at lab within 5 days

Transfer from collection cup to 

transport tube with 15min

5-7 days for results  

PPVNPVSpecSens
N (MH)

Prevalence

30.9%99.7%92.1%92.9%
381

3.4%
AssureDx

de Jong, J J, et al. Eur Urol Onc, 2022

Practical 

Summary
CompanyTime to 

results

Place of 

Service

CostCMS coverage for 

hematuria

FDA 

Approved

Vesica Health5-7 daysSend outI/ENoAssureMDx

Pacific Edge----I/ENoCxBladder Resolve

Pacific Edge7 daysSend out$760I/ENoCxBladder Triage

PromisDx2-7 daysSend out$192I/ENo*EarlyTectBCD

48 hours Lab$25YesYesCytology

Abbott Molecular4-7 daysLab$800Select situationsYesUroVysion

Alere30 minutesHome/clinic<$50I/EYesNMP22 

BladderChek

Cephiad90 minutesclinic5-20$/cartridgeI/ENoXpert

CxBladder Triage Plus CMS price: $1328 (pending LCD)

37

38

39



3/3/2026

14

probability patient has the disease before 

a diagnostic test (~prevalence)

Pre-test 

Probability

probability patient has the disease after a 

diagnostic test 

(~positive predictive value)

Post-test 

probability

Circle back –

Woldu et al, Urol Oncol 2021; 39(11): 787

Cancers detection from cytology alone
Mishriki SF et al, J Urol 2013; 189(4): 1255-1258

Key Take Home Points
Cystoscopy is the gold standard for diagnosis of bladder cancer

AUA guidelines support use in intermediate risk microhematuria patients who wish to avoid 

cystoscopy

RCT demonstrated reduction in cystoscopies performed with incorporation of biomarker

No CMS coverage for biomarkers in hematuria evaluation – understand the cost implications for 

patients

Urine cytology is not classified as a biomarker by CMS

The prevalence of the disease in the patient population impacts the test performance. In the 

microhematuria population (especially intermediate risk) the prevalence is low

The lower the prevalence the higher the negative predictive value of the test will be. Most 

patients with a positive test will not have bladder cancer  

40
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Conclusions & Challenges

Is this a solution in search of a problem?

Holy Grail Biomarker does not exist for microhematuria

Most patients with a positive biomarker will not have bladder cancer – workflow 

integration could be challenging for urology clinic workflow 

No level 1 evidence showing a benefit to bladder cancer screening

Are biomarkers truly cost effective at a population or health system level?
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BPH Related Bleeding

Mary Beth Westerman, MD

@drmbwesterman

78 YEAR OLD MALE PRESENTS WITH THREE 
EPISODES OF GROSS HEMATURIA.

Hematuria Evaluation

Endorses baseline LUTS; denies tobacco exposure; 

denies risk factors for urothelial carcinoma

no filling defects 

prostatomegaly (75cc)
CT Urogram

Cytology Negative

Cystoscopy

1

2
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BPH Related Bleeding

BENIGN PROSTATIC 

HYPERPLASIA

INFECTION (PROSTATITIS)

INFLAMMATION

CANCER/MALIGNANCY

PROSTATE 
BLEEDING

BPH AND HEMATURIA

20%
only pathologic condition 

identified in hematuria 

evaluation

Borth CS et al. Urology 2001; 57: 1082-1085 

Lynch TH et al. Br J Urol 1994; 74: 732-732

#1
men over 60

most common cause of gross hematuria #1
prostate related 

bleeding
most common cause

4
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5a-Reductase Inhibitors

9 out of 10
SYMPTOM IMPROVEMENT OR RESOLUTION

Onset of action 

(cessation of bleeding)

2 weeks - 9 months

Puchner PJ et al. J Urol 1995; 154: 1779-1782

Carlin BI et al. Prostate 1997; 31: 180-182

CONTROL FINASTERIDE

RECURRENT HEMATURIA SURGERY

75% 

50% 

25% 

0% 

� PROSPECTIVE RCT (N=57)

� BPH-RELATED HEMATURIA

� FINASTERIDE VS PLACEBO

Finasteride Efficacy

Foley SJ et al. J Urol 2000; 163: 496-498 

7
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AFTER EXCLUSION OF OTHER CAUSES OF 
HEMATURIA, 5-ARIS MAY BE AN 

APPROPRIATE AND EFFECTIVE TREATMENT 
ALTERNATIVE IN MEN WITH REFRACTORY 

HEMATURIA PRESUMABLY DUE TO 
PROSTATIC BLEEDING.

EXPERT OPINION

Sandu et al. AUA BPH Guideline Amendment, 2023

CLINICIANS MAY CONSIDER 5-ARIS AS A 
TREATMENT OPTION TO REDUCE 

INTRAOPERATIVE BLEEDING AND PERI- OR 
POSTOPERATIVE NEED FOR BLOOD 

TRANSFUSION AFTER TURP OR OTHER 
SURGICAL INTERVENTION FOR BPH. 

EXPERT OPINION

Sandu et al. AUA BPH Guideline Amendment, 2023

PATIENT PLACED ON 5ARI WITH BLEEDING 
CESSATION X 6 MONTHS.

Recurrence of gross hematuria. Urinary clot retention x 1. No 

infection or new exposures. 

Repeat Hematuria Evaluation

Oozy friable prostate. No other findings

10
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Cysto & fulgaration
Prostatectomy

PATIENT WITH RECURRENT PROSTATE 
BLEEDING, ON 5-ARI, ECOG 3 ON OXYGEN

PERSISTENT BPH BLEEDING

Poor functional Status
Good functional Status

TURP, PVP, HOLEP

Prostate Artery 

Embolization

Poor Functional 

Status

ROLE OF PAE IN THE MANAGEMENT OF 
REFRACTORY HEMATURIA IS EVOLVING... THE 

ABILITY TO BOTH DECREASE PROSTATE 
VOLUME AND DECREASE VASCULAR INFLOW 

MAKES PAE A POTENTIAL ADJUNCT IN 
MANAGEMENT OF REFRACTORY HEMATURIA

Sandu et al. AUA BPH Guideline Amendment, 2023

PAE MAY BE OFFERED FOR THE TREATMENT
of LUTS/BPH. PAE should be performed by

clinicians trained in this interventional 
radiology

procedure following a discussion of the 
potential risks and benefits. 

(Grade C)

Sandu et al. AUA BPH Guideline Amendment, 2023
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Prostate Artery Embolization for 

Bleeding

Kably I et al. Tech Vasc Interventional Rad 2020 Sep;23(3):10069

Resolution: 1-5days

Left PAE

Right 

PAE

Cysto & fulgaration
Prostatectomy

PATIENT WITH RECURRENT PROSTATE 
BLEEDING, ON 5-ARI, MARATHON RUNNER

PERSISTENT BPH BLEEDING

Poor functional Status
Good functional Status

TURP, PVP, HOLEP

Prostate Artery 

Embolization

Good Functional 

Status

but on anticoagulation that you can 

not stop 

16
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HOLEP, PVP, AND THULEP SHOULD BE 
CONSIDERED AS TREATMENT OPTIONS IN 
PATIENTS WHO ARE AT HIGHER RISK OF 

BLEEDING.
(Grade C)

Sandu et al. AUA BPH Guideline Amendment, 2023

Elmansy et al. World Journal of Urology, 2023

� 40 patients with refractory hematuria

� 67.5% on anticoagulation

� Median gland size 110gm

� Time to HOLEP 1.5 days 95%
Complete resolution of 

bleeding

92.5%
Discharged without Foley POD 1

80 M  WITH RECURRENT PROSTATE BLEEDING 
FROM LOCALIZED PROSTATE CANCER, ON 5-

ARI/ADT

Palliative Diversion

Refractory

PROSTATE CANCER BLEEDING

Cysto/fulgaration

TURP
Palliative XRT

ADT

PAE

Marshall S et al. J Urol 1993; 149:1553-1554

Kaya E et al. Prostate Cancer Prostatic Dis 2004; 7: 311-315 

Din OS et al. Radiother Oncol 2009; 93: 192-196

Barbieri A et al. Urol Int 2002; 69: 318-320

Chen JW et al. J Vasc Interv Radiol 2017; 28: 295-301
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Cysto & fulgaration
Prostatectomy

PERSISTENT BPH BLEEDING

Poor functional Status
Good functional Status

TURP, PVP, HOLEP

Prostate Artery 

Embolization

Palliative Diversion

Refractory

PROSTATE CANCER BLEEDING

Cysto/fulgaration

TURP
Palliative XRT

ADT

PAE

Marshall S et al. J Urol 1993; 149:1553-1554

Kaya E et al. Prostate Cancer Prostatic Dis 2004; 7: 311-315 

Din OS et al. Radiother Oncol 2009; 93: 192-196

Barbieri A et al. Urol Int 2002; 69: 318-320

Chen JW et al. J Vasc Interv Radiol 2017; 28: 295-301

BPH most 

common cause of 

prostate 

bleeding - treat 

with 5ARI

1

Surgery as 

salvage option 

for refractory 

prostatic 

bleeding

2 3

Radiographic 

interventions for 

refractory bleeding 

in comorbid patient
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HEMORRHAGIC CYSTITIS

Stephen A. Boorjian, MD
Carl Rosen Professor of Urology                                                                                    
David and Anne Luther Chair, Department of Urology                                                           

Director, Urologic Oncology Fellowship

©2013 MFMER  |  slide-2

HEMORRHAGIC CYSTITIS

� Intractable bleeding localizing to the bladder

� Diffuse inflammation and bleeding from the bladder 
mucosa

� WIDE RANGE IN SEVERITY OF CONDITION

� Quickly resolving after conservative therapy

� Life-threatening condition

� Estimated annual US incidence=60,000-100,000 cases 
� For perspective: 82,000 cases kidney cancer and 82,000 

cases bladder cancer/year
Li KD et al, BJU Int 2023

©2013 MFMER  |  slide-3

PROBLEMS WITH THE MANAGEMENT 
OF HEMORRHAGIC CYSTITIS

� Data to date from small retrospective case series

� Most frequently occurs in elderly/comorbid patients

� Lack of prospective, randomized trials and 
established clinical guidelines (due in part to 
heterogeneity of the condition)

� �spoiler alert�help is on the way (AUA 2027�)

1
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KEY PRINCIPLE FOR THE MANAGEMENT 
OF HEMORRHAGIC CYSTITIS:

BALANCE OF RISK

� Treatment escalation risk� �will I make things worse?�

� May be reluctant to be aggressive for �benign� indication

� No treatment escalation risk� �will the patient get worse?�

� Continued bleeding, readmission, deconditioning

©2013 MFMER  |  slide-5

CLINICAL CASE
� 77 yo man p/w intermittent gross hematuria with 

passages of clots over past 6-8 weeks

� No LUTs, no flank pain, no systemic symptoms

� SH: (-) smoking

� PMH/PSH:

� Prostate cancer, s/p RP + sRT, PSA now undetectable

� CAD, s/p MI; cardiomyopathy (EF 46%)

� Mitral valve replacement (mechanical), on warfarin (INR 3)

©2013 MFMER  |  slide-6

HEMORRHAGIC CYSTITIS = 
DIAGNOSIS OF EXCLUSION

� Evaluate gross hematuria with CT urogram, 
cystoscopy, voided urine cytology 

� Pelvic XRT = risk factor for bladder cancer and
hemorrhagic cystitis

� Consider cysto in OR to allow for biopsy/fulguration

� In case here:
� CTU and cytology negative

� Cystoscopy - clots evacuated, diffuse oozing seen 
from bladder mucosa

4
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INITIAL MANAGEMENT OF 
HEMORRHAGIC CYSTITIS

� Sequential approach, dependent on severity 

� Treat correctable causes - infection, coagulopathy

� Supportive management
� Increase urine output � hydration, diuresis

� Transfusion prn

� Bladder drainage +/- continuous irrigation

� Cystoscopy with clot evacuation +/- fulguration/biopsy
� May use laser (potassium titanyl phosphate) fulguration

©2013 MFMER  |  slide-8

�AND WHAT ABOUT THE 
ANTICOAGULATION?

� No �one size fits all� answer for managing 
anticoagulation in patients with gross hematuria

� Factors to consider:
� Severity of bleeding: clots in urine, Hb, vitals

� Indication for anticoagulation: mechanical valve 
versus recent VTE versus a-fib

� Type of anticoagulation: anti-platelet versus 
anticoagulation; ½ life of agent; oral versus IV
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� Most often in children, immunosuppressed adults
� i.e. bone marrow transplant

� BK virus (member of polyomavirus family) = most 
common virus associated with hemorrhagic cystitis

� Adenovirus (types 11, 35) - children, renal transplant

� Treatment = hydration, continuous bladder irrigation
� +/- antiviral therapy

ETIOLOGIES OF HEMORRHAGIC 
CYSTITIS: VIRAL

Rastinehad AR et al, AUA Update, 2007

7

8

9



2/27/2026

4

©2013 MFMER  |  slide-10

CHEMICAL ETIOLOGIES

� Oxazaphosphorine chemotherapeutic agents
� Cyclophosphamide/ifosfamide

� HC develops in 2-40% of treated patients

� Due to renal excretion of metabolite acrolein

� Preventative measures (potential)

� Mesna (2-mercaptoethane sulfonate) � IV agent that 
binds acrolein (recommended by ASCO guidelines)

� Hyperhydration with forced diuresis

� Rule out 2° malignancy (bladder cancer)
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RADIATION-ASSOCIATED 
HEMORRHAGIC CYSTITIS

� 5-10% of patients who receive pelvic RT 

� Related to dose of RT, volume of tissue treated

� Onset from 6 months � 20 years after RT

� Mechanism:
� RT damages bladder mucosa + vascular endothelium 
 mucosal sloughing + ischemia 

� Increased permeability to bacteria symptoms

� Attempted neovascularizationfriable bleeds 
� Rule out 2° malignancy (bladder cancer)Goucher G et al, Can Urol Assoc J 2019

Li KD et al, BJU Int 2023
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� Nationwide Inpatient Sample 2008-2014

� 61% of patients underwent at least 1 procedure

� 25% > 1 procedure

� Median length of stay = 4.5 days

� Cost per admission = $9207

� Cumulative cost = $63.5 million
Urology 2024
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�AND NOW BACK TO OUR PATIENT�

� Re-presents to ER one month later in clot retention

� Hemoglobin = 7.2

� Next steps = OR for clot evacuation, transfusion of 
PBRC, and ???

� Intravesical alum?

� Intravesical formalin?

� Hyperbaric oxygen?

� Other?
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ALUM

� 1% solution (50 gm alum in 5 L sterile water)

� Irrigate bladder at 200-300 cc/hour
� No requirement for anesthesia

� Treatment success variable and modest (40-80%)

� Toxicity low
� Rare absorption  aluminium toxicity (neuro 

changes) in patients with renal insufficiency 

� FIRST-LINE INTRAVESICAL THERAPY 
Choong SKS et al, BJU Int 2000

Abt D et al, Int J Urol 2013

©2013 MFMER  |  slide-15

ALUM � MAYO EXPERIENCE

� 40 patients treated 1997-2014

� Median age = 76.5 yrs
� 38/40 received prior pelvic radiation

� Most common adverse event = bladder spasms (35%)

� No clinical evidence of aluminum toxicity

� Treatment success (no further tx) in 18 pts (45%)
� 8 pts (20%) without further tx at 15.5 mo. follow-up

� Safe, but efficacy limited, and not durable!
Int Braz J Urol 2016
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�SO THREE WEEKS AFTER ALUM�

� Patient re-admitted with clot retention

� OR clot evacuation performed

� What now?

� Hyperbaric oxygen?

� +/- percutaneous nephrostomy tubes

� Intravesical formalin?

� Cystectomy?
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WHAT IF PATIENT CONTINUES TO BLEED?
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HYPERBARIC OXYGEN

� Administration of 100% O2 at pressure of 2-3 
atmospheres

� Delivered in special chamber

� 90 minutes/session; daily (5-7 days/week)

� Given over 30-40 sessions (8 weeks of treatment)

� Increase local tissue oxygen tension
� Decrease edema

� Promote neovascularization

� Improve wound healing

Bevers RFM et al Lancet 1995

Del Pizzo JJ et al J Urol 1998

O�Reilly KJ et al AUA Update 2002

Chong KT et al Urology 2005
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HYPERBARIC OXYGEN

� Particularly indicated in cases 2° to prior 
radiation or cyclophosphamide

� Response rate = 80-90%

� However � varied data on durability of response

� Complications
� Claustrophobia (confinement anxiety)

� Otalgia, myopia, barotrauma

� Oxygen toxicity (seizures (rare))
Bevers RFM et al Lancet 1995

Del Pizzo JJ et al J Urol 1998

O�Reilly KJ et al AUA Update 2002

Chong KT et al Urology 2005

Cardinal J et al Curr Urol Rep 2018
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� 87 patients randomized to HBOT or no

� Primary outcome = change in patient-perceived 
urinary symptoms at 6-8 months (per EPIC)

� Caveat � trial excluded patients with ongoing 
bleeding requiring > 500 ml transfusion in past 4 wks

� Trial not really assessment of HBOT for bleeding 
control, more for symptom resolution

Lancet Oncol 2019
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� Patients treated with HBOT had significantly 
greater increase in EPIC score

� HBOT relieved symptoms of radiation cystitis

Lancet Oncol 2019

(6-8 mo. after randomized)
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� 470 patients 

� Assessed at start/at completion of HBOT 

� Treatment significantly improved:

� Degree of hematuria

� Urinary function

� Quality of life
J Urol 2024
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� 3,309 Medicare patients with radiation cystitis 2014-2019

� 1030 received HBOT

� Treatment with HBOT:
� 36% reduction in urinary bleeding

� 78% reduction in blood transfusions

� 31% reduction in endoscopic procedures

� 53% reduction in mortality Undersea Hyperb Med 2024

©2013 MFMER  |  slide-24Feldmeier JJ et al, Undersea Hyperb Med 2024
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OUR STORY CONTINUES�

� Patient treated with HBOT
� After first several treatments, bilateral nephrostomy 

tubes placed for urinary diversion as patient had 
continued to bleed
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SUPRA-VESICAL URINARY DIVERSION

� Intention = decrease exposure of the bladder to 
urokinase  thereby facilitate hemostasis

� Bilateral nephrostomy tube insertion

� +/- ureteral occlusion catheters for continued 
bleeding

� Minimizes but does not completely eliminate 
exposure of bladder to urine
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BETWEEN A ROCK AND A 
HARD PLACE

� 3 weeks after completing HBOT, nephrostomy 
tubes capped  patient re-presents with clot 
retention + anemia

� Now what???

� Intravesical formalin?

� Bladder angioembolization? 

� Cystectomy?

� Other?
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WHAT IF THE PATIENT CONTINUES 
TO BLEED?

Non-bladder preserving strategies
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FORMALIN

� Solution of formaldehyde

� Instilled intravesically

� Induces cellular protein precipitation + capillary 
occlusion

� Control of bleeding in 80-90% of cases

� Small series, limited f/u
Choong SKS et al, BJU Int 2000

Abt D et al, Int J Urol 2013
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FORMALIN

� Administer under general (or spinal) anesthesia
� Instillation may (+) significant pain

� Complications of formalin treatment:

� Bladder fibrosis  decreased capacity

� Ureteral stricturing

� Pre-treatment cystogram to r/o reflux, 
perforation

� If reflux  place occlusive ureteral catheters
Choong SKS et al, BJU Int 2000

Abt D et al, Int J Urol 2013
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FORMALIN

� Start with low concentration (1%)
� May increase dose up to 10%

� Irrigation done under gravity

� Catheter no more than 15 cm above pubis

� Volume up to 300cc/bladder capacity

� 10-15 minutes of contact time

Choong SKS et al, BJU Int 2000

Abt D et al, Int J Urol 2013
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POTENTIAL TOXICITY OF FORMALIN:
BLADDER FIBROSIS/CONTRACTURE

Pre-treatment cystogram 1 wk post-treatment cystogram
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CLINICAL CASE (con�t)

� Cystogram (-)  formalin given

� Patient remains CBI-dependent, continues to 
require transfusions

� Next step?
� Urinary diversion only (conduit, etc)?

� Cystectomy + urinary diversion?

� Other?
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WHAT ABOUT URINARY DIVERSION 
ALONE (WITHOUT CYSTECTOMY)?

� Conduit, cutaneous ureterostomy 

� Complications of retained bladder high (80%)

� 43% rehospitalization 

� 24 patients

� 13 (54%) experienced complications
� 11 (46%) infectious complications

� 8 (33%) � frank pyocystis

� 6 (25%) ultimately treated with cystectomy

Eigner EB et al, J Urol 1990

J Urol 2006
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� 21 patients (median age = 77; median ASA = 3)

� Median preoperative hemoglobin = 10.2 gm/dl

� Median length of stay postoperatively = 10 days

� Clavien III-V complications in 42%

� 90-day mortality = 16%

� 3-year overall survival = 52%
J Urol 2014
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CASE FOLLOW-UP

� Cystectomy/ileal conduit diversion performed
� Post-op course included:

� NSTE MI, CHF exacerbation

� Prolonged (16 day) hospital stay   

� A product of presurgical deconditioning?

� Patient remained without recurrent bleeding now at 9 
months post-cystectomy follow-up
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� 31 patients treated with cystectomy/diversion + 
14 treated with diversion alone

� Mean follow-up = 14.6 months

� Surgery improved:

� # procedures

� Hospitalizations

� Transfusions
Urol Oncol 2021
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TAKE-HOME MESSAGES

� Stepwise approach to hemorrhagic cystitis 
management

� Irrigate until clot free

� +/- under anesthesia in case biopsy/fulguration

� Alum = 1st line intravesical therapy
� Safe but ? efficacy 

� Beware if renal insufficiency
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TAKE-HOME MESSAGES

� Consider expeditious/ �aggressive� treatment

� Avoid prolonged delays with continued 
bleeding/patient deconditioning

� Hyperbaric Oxygen

� +/- bilateral nephrostomy tubes for diversion
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TAKE-HOME MESSAGES

� 2nd line, non-bladder preserving therapies 
� Formalin

� Cystogram first

� Under anesthesia

� Toxicity

� Cystectomy/Urinary diversion
� Counsel regarding morbidity

� Balance risks of next treatment vs risks of delay �
continued bleeding, continued de-conditioning
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THANK YOU
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