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PATIENT HISTORY AND PHYSICAL EXAMINATION
A proper history and physical examination is essential in evaluat-
ing the urologic patient. Completing this assessment reliably  
and comprehensibly allows for gathering information essential for 
diagnosis, counseling, treatment, and next steps.

CLINIC VISIT SET-UP
The clinic visit should be comforting and nonthreatening to the pa-
tient. The patient room or telehealth visit set-up should include ideal 
provider-patient positioning and ability to make proper eye contact.

PATIENT HISTORY

Chief Complaint (CC)

The CC is the reason why a patient is seeking urologic care and is 
the focus of the visit.
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History of Present Illness (HPI)

The HPI covers multiple factors related to the CC with the purpose 
of developing a differential diagnosis.
Constitutional Symptoms. These symptoms include fever, chills, 
night sweats, anorexia, weight loss, fatigue, and/or lethargy.
Pain. Elicit pain location, radiation, palliative factors, provocative 
factors, severity (1-10 scale), and timing (including onset and 
change over time).
•	 Renal	pain	(flank	pain)	–	Renal	pain	is	located	at	the	ipsilateral	

costovertebral angle (CVA) lateral to the spine and inferior to 
the 12th rib and often radiates toward the abdomen or scrotum/
labia.

•	 Ureteral	 pain	–	This	 is	 often	due	 to	ureteral	 obstruction	 and	
may be present in the ipsilateral abdominal lower quadrant. 
The pain is often acute in onset and intermittent and may be 
referred to the scrotum/penis.

•	 Bladder	pain	–	This	type	of	pain	may	be	due	to	inflammation	
(cystitis) or bladder distension (urinary retention). Suprapubic 
in location with possible improvement after voiding.

•	 Prostatic	pain	–	This	is	a	deep	pelvic	pain	that	may	be	confused	
with rectal pain. There are often associated irritative voiding 
symptoms (urinary frequency, urgency, dysuria).

•	 Penile	pain	–	Penile	pain	has	a	variable	presentation	with	wide	
differential, including paraphimosis, penile lesions, referred 
pain, Peyronie’s disease, or priapism.

•	 Scrotal	 pain	 –	This	 type	 of	 pain	may	be	 superficial	 (skin)	 or	
involve the scrotal contents. Testicular torsion is a urologic 
emergency.

Hematuria.	Hematuria	is	defined	as	presence	of	blood	in	the	urine	
and is divided into categories of gross (visible) versus microscopic 
(.3 RBC/HPF on microscopic examination) versus pseudohema-
turia (redness in urine of non-urologic origin). Obtain the pres-
ence or absence of associated voiding symptoms, smoking history, 
chemical exposure history, trauma, urinary tract infections, or re-
cent urologic procedures. Please refer Hematuria section below for 
more details.
Lower Urinary Tract Symptoms (LUTS).	LUTS	may	be	obstructive	
or irritative in nature. Obstructive symptoms include urinary  
frequency, intermittency, incomplete emptying, weak stream,  
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hesitancy, and straining with voiding. Irritative symptoms include 
urinary frequency, urgency, dysuria, or nocturia and may be 
caused by chronic bladder outlet obstruction, overactive bladder, 
cystitis, prostatitis, bladder stones, or bladder cancer. The Interna-
tional	Prostate	Symptom	Score	(IPSS)	is	the	AUA	symptom	score	
with the addition of a quality-of-life score and is a useful tool for 
assessing	LUTS	(Table 1.1) (see Chapter 21).
Urinary Incontinence
•	 Stress	incontinence	–	Involuntary	passage	of	urine	with	activi-

ties that increases intra-abdominal pressure including Valsalva, 
cough, sneeze, laugh, and/or heavy lifting.

•	 Urge	 incontinence	 –	 Involuntary	 passage	 of	 urine	 associated	
with sudden urge to void. This is often associated with overac-
tive bladder, cystitis, neurogenic bladder, or poorly compliant 
bladder.

•	 Mixed	incontinence	–	When	a	patient	experiences	both	stress	
and urge incontinence.

•	 Continuous	incontinence	–	Constant	leakage	of	urine	indepen-
dent of urination patterns or intraabdominal pressure. This is 
often	due	to	congenital	cause	or	urinary	fistula.

•	 Pseudoincontinence	–	Incontinence-like	symptoms	due	to	non-
urologic cause such as vaginal discharge or labial fusions caus-
ing retention of urine.

•	 Overflow	 incontinence	 –	 Leakage	 of	 urine	 due	 to	 volume	 of	
urine exceeding bladder capacity. This is common in bladder 
outlet obstruction.

•	 Functional	incontinence	–	Leakage	of	urine	due	to	patient	immo-
bility or inadequate access to facilities. Patients otherwise have 
normal urologic anatomy/physiology. See Chapter 16.

Erectile Dysfunction (ED).	ED	is	defined	as	the	inability	to	attain/
maintain penile erection sufficient for satisfactory sexual inter-
course. It is important to obtain history related to timing and situ-
ational factors of erections. Validated questionnaires for character-
izing ED includes the International Index of Erectile Function 
(IIEF) and the abbreviated IIEF-6 or Sexual Health Index for Men 
(SHIM). See Chapter 14.
Other Urologic Conditions. Additional topics often covered in a 
urologic-based HPI include loss of libido, abnormal ejaculation, 
anorgasmia, hematospermia, pneumaturia, and/or urethral dis-
charge.
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Table 1.1 International Prostate Symptom Score

SYMPTOM NOT AT ALL ,1 TIME IN 5
LESS THAN 
HALF THE TIME

ABOUT HALF 
THE TIME

MORE THAN 
HALF THE TIME

ALMOST 
ALWAYS

YOUR 
SCORE

1. Incomplete Emptying

Over the past month, how  
often have you had a  
sensation of not emptying 
your bladder completely  
after you finished urinating?

0 1 2 3 4 5

2. Frequency

Over the past month, how  
often have you had to  
urinate again less than  
2 hours after you finished 
urinating?

0 1 2 3 4 5

3. Intermittency

Over the past month, how  
often have you found you 
stopped and started again 
several times when you  
urinated?

0 1 2 3 4 5

4. Urgency

Over the past month, how  
often have you found it diffi-
cult to postpone urination?

0 1 2 3 4 5

5. Weak Stream

Over the past month, how  
often have you had a weak 
urinary stream?

0 1 2 3 4 5

6. Straining

Over the past month, how  
often have you had to push 
or strain to begin urination?

0 1 2 3 4 5

NONE 1 TIME 2 TIMES 3 TIMES 4 TIMES 5 TIMES

7. Nocturia

Over the past month, how 
many times did you most 
typically get up to urinate 
from the time you went to 
bed at night until the time 
you got up in the morning?

0 1 2 3 4 5
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Table 1.1 International Prostate Symptom Score

SYMPTOM NOT AT ALL ,1 TIME IN 5
LESS THAN 
HALF THE TIME

ABOUT HALF 
THE TIME

MORE THAN 
HALF THE TIME

ALMOST 
ALWAYS

YOUR 
SCORE

1. Incomplete Emptying

Over the past month, how  
often have you had a  
sensation of not emptying 
your bladder completely  
after you finished urinating?

0 1 2 3 4 5

2. Frequency

Over the past month, how  
often have you had to  
urinate again less than  
2 hours after you finished 
urinating?

0 1 2 3 4 5

3. Intermittency

Over the past month, how  
often have you found you 
stopped and started again 
several times when you  
urinated?

0 1 2 3 4 5

4. Urgency

Over the past month, how  
often have you found it diffi-
cult to postpone urination?

0 1 2 3 4 5

5. Weak Stream

Over the past month, how  
often have you had a weak 
urinary stream?

0 1 2 3 4 5

6. Straining

Over the past month, how  
often have you had to push 
or strain to begin urination?

0 1 2 3 4 5

NONE 1 TIME 2 TIMES 3 TIMES 4 TIMES 5 TIMES

7. Nocturia

Over the past month, how 
many times did you most 
typically get up to urinate 
from the time you went to 
bed at night until the time 
you got up in the morning?

0 1 2 3 4 5

Continued
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From Cockett A, Aso Y, Denis L. Prostate symptom score and quality of life assessment. In: Cockett ATK, Khoury S, Aso Y, et al., eds. Proceedings of the Second International Consulta-
tion on Benign Prostatic Hyperplasia (BPH); 27-30 June 1993, Paris, Channel Island: Jersey: Scientific Communication International, 1994:553-555.

SYMPTOM NOT AT ALL ,1 TIME IN 5
LESS THAN 
HALF THE TIME

ABOUT HALF 
THE TIME

MORE THAN 
HALF THE TIME

ALMOST 
ALWAYS

YOUR 
SCORE

TOTAL INTERNATIONAL PROSTATE SYMPTOM SCORE

QUALITY OF LIFE DUE TO 
URINARY SYMPTOMS

DELIGHTED PLEASED MOSTLY  
SATISFIED

MIXED—
ABOUT 
EQUALLY 
SATISFIED 
AND DIS-
SATISFIED

MOSTLY  
DISSATIS-
FIED

UNHAPPY TERRIBLE

If you were to spend the  
rest of your life with your 
urinary condition just the 
way it is now, how would 
you feel about that?

0 1 2 3 4 5 6

Table 1.1 International Prostate Symptom Score—cont’d
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Past Medical/Surgical History

It is essential to obtain a complete medical and surgical history 
(including prior genitourinary or abdominal surgeries). Obtain 
operative reports when applicable.

Performance Status

Determine the functional ability of patient as a benchmark for his 
or her tolerance for undergoing challenging or invasive treatments. 
Assess a patient’s ability to perform activities of daily living (ADLs), 
dressing, eating, toileting, hygiene, preparing meals, shopping, 
maintaining a house, and interactions with family and community. 
Grading performance status can be completed using the Eastern 
Cooperative Oncology Group (ECOG) score or Karnofsky perfor-
mance status.

Medications

Obtain full medication history including urologic medications and 
anticoagulants. Also consider medications with urologic side ef-
fects (Table 1.2).

Social History

Review where the patient lives, who lives at home with patient, and 
if there are family/friends in the area. Also obtain occupational 
history to give insight on socioeconomic status and possible in-
dustrial exposures. Review sexual history in a non-accusatory 
manner such as “Do you partake in sexual relations with men, 
women, or both? A single partner or multiple?” Obtain drug use 
history including tobacco, alcohol, illicit drug use. This is impor-
tant for considering withdrawal or difficulty coping during possi-
ble procedures/hospitalizations.

Family History

Ask about urologic conditions/diseases/cancers as well as bleeding 
disorders,	 reactions	 to	 anesthesia	 and	 significant	 non-urologic	
conditions/disease/cancers.

Review of Systems

Comprehensive system-based checklist related to other symptoms 
that may or may not be included in HPI or related to CC.
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Table 1.2 Drugs Associated with Urologic Side Effects

UROLOGIC SIDE  
EFFECTS CLASS OF DRUGS SPECIFIC EXAMPLES

Decreased libido Antihypertensives Hydrochlorothiazide
Erectile dysfunction Psychotropic drugs Propranolol

Benzodiazepines
Ejaculatory  

dysfunction
a-Adrenergic 

antagonists
Prazosin
Tamsulosin
a-Methyldopa

Psychotropic drugs Phenothiazines
Antidepressants

Priapism Antipsychotics Phenothiazines
Antidepressants Trazodone
Antihypertensives Hydralazine

Prazosin
Decreased  

spermatogenesis
Chemotherapeutic 

agents
Alkylating agents

Drugs with abuse  
potential

Marijuana
Alcohol
Nicotine

Drugs affecting  
endocrine function

Antiandrogens
Prostaglandins

Incontinence or  
impaired voiding

Direct smooth  
muscle stimulants

Histamine
Vasopressin

Others Furosemide
Valproic acid

Smooth muscle  
relaxants

Diazepam

Striated muscle  
relaxants

Baclofen

Urinary retention or 
obstructive voiding 
symptoms

Anticholinergic 
agents or musculo-
tropic relaxants

Oxybutynin
Diazepam
Flavoxate

Calcium channel 
blockers

Nifedipine

Antiparkinsonian 
drugs

Carbidopa
Levodopa

a-Adrenergic agonists Pseudoephedrine
Phenylephrine

Antihistamines Loratadine
Diphenhydramine
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UROLOGIC SIDE  
EFFECTS CLASS OF DRUGS SPECIFIC EXAMPLES

Acute renal failure Antimicrobials Aminoglycosides
Penicillins
Cephalosporins
Amphotericin

Chemotherapeutic 
drugs

Cisplatin

Others Nonsteroidal anti- 
inflammatory 
drugs

Phenytoin
Gynecomastia Antihypertensives Verapamil

Cardiac drugs Digoxin
Gastrointestinal drugs Cimetidine

Metoclopramide
Psychotropic drugs Phenothiazines
Tricyclic  

antidepressants
Amitriptyline
Imipramine

Table 1.2 Drugs Associated With Urologic Side Effects—cont’d

PHYSICAL EXAMINATION

Vital Signs

Obtain temperature, heart rate, blood pressure, respiratory rate, 
and pain rating.

General Appearance

Note level of pain or distress, nutritional status, appearance and 
self-care, frailty, mobility. Look for stigmata associated with cer-
tain disease states.

Kidneys

The kidneys are located in the retroperitoneum and surrounded by 
the psoas and oblique muscles, peritoneum, and diaphragm. For 
adults, place the nonexamining hand posteriorly at the costoverte-
bral angle and palpate the kidney with the examining hand through 
the anterior abdominal wall (Fig. 1.1). Kidneys are typically difficult 
to palpate and not visible on examination (unless large mass or very 
thin patient). Assess pain at kidney via percussion by contacting the 
patient with the closed hand of the examiner at the CVA. Be gentle; 
a simple tap should elicit a positive sign if present.
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Bladder

To examine the bladder, palpate and percuss starting at level of pubic 
symphysis and ascend toward umbilicus to determine the level of 
distension. The bladder is palpable when it distends to level above the 
pubis (,150 cc). The bladder may be visualized when distended at 
,500 cc in thin patients. Additionally, A bimanual exam may be 
performed to assess mobility of the bladder as well as cancer staging.

Penis

Inspect the skin for hair distribution, lesions, presence/absence of 
foreskin (in adults, retract foreskin to evaluate glans), and Tanner 
stage. Evaluate the urethral meatus (location, stenosis, presence of 
urethral discharge). Palpate for any subcutaneous plaques or curva-
ture. Remember to reduce the foreskin at the end of the examination.

Scrotum and Contents

Inspect the scrotal skin for hair distribution, lesions, and infection. 
Be sure to evaluate the entire scrotum toward the perineum, espe-
cially in those with limited mobility or poor self care. Palpate the 
testicles for size, orientation, pain, or masses. Evaluate for hydro-
cele, varicocele (patient supine, standing, standing with Valsalva). 
Palpate the vas deferens. Check for an inguinal hernia by sliding 

FIG. 1.1  Bimanual examination of the kidney.
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the	 index	finger	over	 testis	 and	 invaginating	 the	 scrotum	up	 to-
ward external ring (Fig. 1.2).

Digital Rectal Examination (DRE)

The DRE is used to assess prostate size and perform screening for 
prostate cancer. For positioning, the patient should bend 90 degrees 
at the waist while supporting hand or elbows on the table. Lateral 
decubitus	 position	with	 legs	 flexed	 at	 hips	 is	 another	 alternative.	
The	examiner’s	gloved	finger	with	adequate	lubrication	then	is	ad-
vanced until the prostate is palpable. A normal prostate is smooth 
and	 somewhat	 soft,	 whereas	 nodular	 firmness	 is	 concerning	 and	 
may warrant biopsy. A bimanual examination (DRE with concurrent 

Internal inguinal ring

Internal canal

External inguinal ring

FIG. 1.2 Examination of the inguinal canal. (From Swartz MH. Textbook of 
physical diagnosis. Philadelphia: Saunders, 1989:376.)
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lower abdominal exam) is performed in the context of bladder 
cancer staging.

Pelvic Examination in the Female

The pelvic examination is used to evaluate for pelvic organ prolapse, 
urinary incontinence, dyspareunia, blood per urethra or vagina, and 
vaginal masses. Visually inspect external genitalia and introitus 
(atrophic changes, erosions, ulcers, discharge, lesions). The labia 
minora should be separated and the urethral meatus inspected for 
prolapse,	caruncle,	hyperplasia,	or	cysts.	Use	a	speculum	to	visualize	
vagina and have the patient perform the Valsalva maneuver to 
evaluate	for	prolapse.	Perform	Pelvic	Organ	Prolapse	Quantification	
(POP-Q) if there is prolapse present. Perform a bimanual examina-
tion	by	placing	two	of	the	examiner’s	fingers	of	the	dominant	hand	
into the vaginal vault and placing the nondominant hand over the 
lower abdomen and palpating for pelvic mass or tenderness.

LABORATORY TESTS

Urinalysis

The	urinalysis	(UA)	 is	a	 fundamental	 test	performed	on	patients	
presenting with urinary symptoms. For collection, adults should 
clean the urethral meatus and surrounding area thoroughly and 
collect a midstream voided urine sample. Catheterized specimens 
are preferred for infants and neonates.

UA Evaluation

The	evaluation	of	the	UA	involves	gross	examination	(Table 1.3), 
dipstick chemical analysis, and microscopic analysis.
Specific Gravity and Osmolality. Related to patient’s hydration or 
amount of material dissolved in the urine or renal concentrating 
ability.
•	 Normal	specific	gravity	1.001–1.035
•	 ,1.008 5 dilute, .1.020 5 concentrated
•	 Normal	osmolality	50–1200	mOsm/L
pH. Urinary	pH	ranges	from	4.5–8.	Typically	reflects	serum	pH.
•	 Average	urinary	pH	5	5.5–6.5
•	 Acidotic	urinary	pH	5	4.5–5.5
•	 Alkalotic	urinary	pH	5	6.5–8
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Table 1.3 Common Causes of Abnormal Urine Color

COLOR CAUSE

Colorless Very dilute urine
Overhydration

Cloudy/milky Phosphaturia
Pyuria
Chyluria

Red Hematuria
Hemoglobinuria/myoglobinuria
Anthocyanin in beets and blackberries
Chronic lead and mercury poisoning
Phenolphthalein (in bowel evacuants)
Phenothiazines (e.g., Compazine)
Rifampin

Orange Dehydration
Phenazopyridine (Pyridium)
Sulfasalazine (Azulfidine)

Yellow Normal
Phenacetin
Riboflavin

Green-blue Biliverdin
Indicanuria (tryptophan indole metabolites)
Amitriptyline (Elavil)
Indigo carmine
Methylene blue
Phenols (e.g., IV cimetidine [Tagamet],  

IV promethazine [Phenergan])
Resorcinol
Triamterene (Dyrenium)

Brown Urobilinogen
Porphyria
Aloe, fava beans, and rhubarb
Chloroquine and primaquine
Furazolidone (Furoxone)
Metronidazole (Flagyl)
Nitrofurantoin (Furadantin)

Brown-black Alcaptonuria (homogentisic acid)
Hemorrhage
Melanin
Tyrosinosis (hydroxyphenylpyruvic acid)
Cascara, senna (laxatives)
Methocarbamol (Robaxin)
Methyldopa (Aldomet)
Sorbitol

IV, Intravenous.
From Hanno PM, Wein AJ. A clinical manual of urology. Norwalk, CT: Appleton-Century-Crofts, 1987:67.
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Blood/Hematuria. Normal urine contains less than 3 erythrocytes 
per HPF. A positive dipstick indicates hematuria, hemoglobinuria, 
or myoglobinuria. Microscopic examination with greater than 3 
RBC/HPF indicates microscopic hematuria. A dipstick result needs 
to	be	confirmed	with	microscopic	examination	[https://www.aua-
net.org/guidelines/asymptomatic-microhematuria-(2012- 
reviewed-for-currency-2016)]. Hematuria of nephrologic (com-
pared with urologic) source is often associated with casts and 
significant	proteinuria	 (Table 1.4). Erythrocytes from glomerular 
disease are typically dysmorphic, whereas tubulointerstitial renal 
disease and urologic origins have a round shape. Other sources 
of	hematuria	include	vascular	disease	like	arteriovenous	fistulas	
(AV)	fistulas	and	that	is	induced	by	a	bought	of	strenuous	exer-
cise. Hematuria in patients on anticoagulants still requires 
workup. Please refer Hematuria section below for more details.
Leukocyte Esterase (LE) and Nitrite. LE is produced by neutrophils 
and indicates presence of white blood cells in the urine (false positive 
indicates specimen contamination). Gram negative bacteria convert 
nitrates to nitrite and therefore presence of nitrites is strongly sugges-
tive of bacteriuria. If a sample is positive for LE but negative for  
nitrites,	noninfectious	causes	of	inflammation	should	be	considered.

Table 1.4  Glomerular Disorders in Patients With Glomerular 
Hematuria

DISORDER PATIENTS

IgA nephropathy (Berger disease) 30
Mesangioproliferative GN 14
Focal segmental proliferative GN 13
Familial nephritis (e.g., Alport syndrome) 11
Membranous GN 7
Mesangiocapillary GN 6
Focal segmental sclerosis 4
Unclassifiable 4
Systemic lupus erythematosus 3
Postinfectious GN 2
Subacute bacterial endocarditis 2
Others 4
Total 100

GN, Glomerulonephritis; IgA, immunoglobulin A.
Modified from Fassett RG, Horgan BA, Mathew TH. (1982). Detection of glomerular bleeding by 

phase-contrast microscopy. Lancet, 1(8287):1432-1434.

https://www.auanet.org/guidelines/asymptomatic-microhematuria-(2012-reviewed-for-currency-2016
https://www.auanet.org/guidelines/asymptomatic-microhematuria-(2012-reviewed-for-currency-2016
https://www.auanet.org/guidelines/asymptomatic-microhematuria-(2012-reviewed-for-currency-2016
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Bacteria. A fresh uncontaminated urine specimen should not con-
tain	bacteria.	Presence	of	bacteria	is	indicative	of	a	UTI.
Yeast. Funguria is more commonly seen in patients with diabetes 
mellitus or vaginal candidiasis and typically Candida albicans.
Protein. Proteinuria increases suspicion for underlying medical renal 
disease	or	overflow	of	abnormal	proteins	in	the	urine	(multiple	my-
eloma). If proteinuria is present, consider nephrology consultation.
Glucose and Ketones. Often used for screening patients for diabetes 
mellitus. The renal threshold for glucose detection in urine is serum 
glucose .180 mg/dL. Ketones are found in urine when carbohydrate 
sources in the body are depleted and body fat utilization occurs.
Bilirubin and Urobilinogen. Normal urine contains no bilirubin 
and only small amounts of urobilinogen.

Urine Cytology

Ordered when urologic malignancy is suspected. Do not order as 
a screening tool or during initial workup for gross/microscopic 
hematuria.	This	test	is	highly	specific	for	high-grade	urothelial	cell	
carcinoma	(UCC).

SERUM STUDIES

Creatinine and Glomerular Filtration Rate (GFR)

Obtained to evaluate baseline or current renal function and can aid 
in investigating renal compromise in the context of urinary tract 
obstruction.

Prostate-Specific Antigen (PSA)

Tumor marker for diagnostic evaluation of prostate pathology in-
cluding	 cancer,	 benign	prostatic	hyperplasia	 (BPH),	 and	 inflam-
matory conditions of the prostate.

Alpha-Fetoprotein (AFP), Human Chorionic Gonadotropin 
(HCG), and Lactate Dehydrogenase (LDH)

Serum tumor markers for workup of testicular mass/cancer.

Endocrinologic Studies

Total testosterone, free testosterone, luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), prolactin (PRL), and thyrox-
ine T4 may be ordered in the workup of the male patient with 
suspected hypogonadism. 
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Parathyroid Hormone

Ordered for patients with hypercalcemia and calcium-based neph-
rolithiasis.

OFFICE DIAGNOSTIC PROCEDURES

Uroflowmetry

Used	 to	 assess	 voiding	 pattern	 including	 workup	 of	 suspected	
bladder	 outlet	 obstruction.	 Information	 obtained	 includes	 flow	
rates, voided volume, and voiding curve/pattern.

Post Void Residual (PVR)

The PVR is the volume of residual urine in the bladder measured 
via bladder scan (may be inaccurate in patients with obesity or 
ascites) or catheterization following voiding. Acceptable volumes 
are patient dependent; however, volumes ,100 cc are generally 
considered within acceptable range.

Cystometography and Urodynamic Studies

Components of urodynamic studies include cystometrography, 
electromyography,	 urethral	 pressure	 profile,	 and	 pressure	 flow	
studies. This study is used for patients requiring a comprehensive 
workup of urinary storage and evacuation.

Cystourethroscopy

This procedure allows for direct visualization and evaluation of the 
lower	urinary	tract	using	a	flexible	cystoscope.

Imaging of the Urinary Tract

Imaging plays a critical role in the diagnosis and management of 
urologic disease.
Plain Abdominal Radiography. Conventional radiography study 
intended	to	display	the	kidneys,	ureters,	and	bladder	(KUB).	Indi-
cations	for	obtaining	a	plain	film	include	scout	film,	assessment	of	
residual contrast from previous imaging procedure, pre- and post-
treatment assessment of renal calculus disease, assessment of the 
position of drains and stents (Fig. 1.3), and/or adjunct to the inves-
tigation of blunt or penetrating trauma to the urinary tract.
Retrograde Pyelogram (RPG). The	RPG	 allows	 for	 opacification	
of the ureters and intrarenal collecting system via retrograde injec-
tion of contrast media (Fig. 1.4). Cystoscopy is performed, and a 
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FIG. 1.3 KUB demonstrating residual stone fragments (arrows) adjacent to a right 
ureteral stent 1 week after right extracorporeal shock wave lithotripsy.

A B

Right

Right #2

FIG. 1.4 (A) Right retrograde pyelogram performed using an 8-Fr cone-tipped 
ureteral catheter and dilute contrast material. The ureter and intrarenal collecting 
system are normal. (B) Left retrograde pyelogram using an 8-Fr cone-tipped 
ureteral catheter. A filling defect in the left distal ureter (arrow) is a low-grade 
transitional cell carcinoma. The ureter demonstrates dilation, elongation, and 
tortuosity, the hallmarks of chronic obstruction.
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ureteral catheter is used to intubate the desired ureteral orifice. 
Contrast is injected, and fluoroscopic images are obtained. 
Indicated to evaluate congenital or acquired ureteral obstruc-
tion,	elucidation	of	filling	defects	and	deformities	of	the	ureters	or	
intrarenal	 collecting	 systems,	 opacification	 or	 distention	 of	 col-
lecting system to facilitate percutaneous access, and evaluation of 
hematuria, in conjunction with ureteroscopy or stent placement, 
surveillance of transitional cell carcinoma, and/or evaluation of 
traumatic or iatrogenic injury to the ureter or collecting system.
Loopography. This is a diagnostic procedure performed in patients 
having undergone previous urinary diversion (Fig. 1.5). A loopogram 

FIG. 1.5 Loopogram in a patient with epispadius/exstrophy and ileal conduit 
urinary diversion. (A) Plain film prior to contrast administration. (B) After contrast 
administration via a catheter placed in the ileal conduit, free reflux of both ure-
terointestinal anastomoses is demonstrated. (C) A postdrain radiograph demon-
strates persistent dilation of the proximal loop indicating mechanical obstruction 
of the conduit (arrows).
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performed on an ileal conduit diversion will allow visualization of 
the	 ureters	 and	 upper	 collecting	 systems	 due	 to	 freely	 refluxing	
ureterointestinal anastomoses. A small-gauge catheter is inserted 
via	the	ostomy	and	contrast	is	gently	introduced.	Plain	or	fluoro-
scopic images are obtained. Indications include evaluation of in-
fection, hematuria, renal insufficiency or pain following urinary 
diversion, surveillance of upper urinary tract for obstruction of 
urothelial neoplasia and/or evaluation of the integrity of the intes-
tinal segment or reservoir.
Retrograde Urethrography. This is a study to evaluate the anterior 
and posterior urethra (Fig. 1.6). The patient is positioned obliquely 
to allow for evaluation of the full length of the urethra. The penis 
is placed on slight stretch, and contrast is introduced via a catheter 
inserted into the fossa navicularis. Indications include identifying 
location and length of urethral stricture, assessment of foreign 
bodies, evaluation of penile or urethral penetrating trauma, and/
or evaluation of traumatic gross hematuria.
Voiding Cystourethrogram (VCUG). This is an imaging study used 
to the evaluate the anatomy of the bladder and urethra (Fig. 1.7) as 

FIG. 1.6 Normal retrograde urethrogram demonstrating (A) the balloon tech-
nique for retrograde urethrography, (B) Brodney clamp (arrowhead) technique; 
note the bulbar urethral stricture (arrow), and (C) normal structures of the male 
urethra.

A B
Normal RUG using
catheter technique

Balloon

Prostatic
Membranous

Normal “cone”
of bulbar urethra

Bulbar urethra
Normal retrograde urethrogram

Penile
urethra

Bladder

C



CHAPTER 1 Evaluation of the Urologic Patient20

well	 as	 demonstrating	 vesicoureteral	 reflux.	The	bladder	 is	 filled	
with contrast via catheter (volume varies for children, 200-400 cc 
for	adults).	The	catheter	 is	removed,	and	films	(AP	and	oblique)	
and/or	 fluoroscopic	 images	 are	 obtained	 initially,	 with	 voiding	 
and post-void. Indications include evaluation of structural and 
functional bladder outlet obstruction, urethra, and vesicoureteral 
reflux.

Functional Imaging with Nuclear Scintigraphy

Radionuclide imaging is the procedure of choice to evaluate renal 
obstruction and function. Common applications for these agents 
include measurement of renal blood flow, determination of  
differential renal function, evaluation for the presence and degree 
of renal obstruction, and assessment of renal scarring.
Technetium 99m –Diethylenetriamine Pentaacetic Acid (99m Tc-DTPA)
•	 Primarily	a	glomerular	filtration	agent	useful	for	evaluation	of	

obstruction	and	renal	function.	Upon	injection	into	the	blood-
stream, 99m Tc-DTPA is extracted by the kidneys entirely 
through	glomerular	filtration	and	is	excreted	in	the	urine	with-
out being reabsorbed.

FIG. 1.7 A voiding cystourethrogram performed for the evaluation of recurrent 
urinary tract infection in this female patient. (A) An oblique film during voiding 
demonstrates thickening of the midureteral profile (arrows). (B) After interruption 
of voiding, a ureteral diverticulum is clearly visible extending posteriorly and to 
the left of the midline (arrows).

A B
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•	 Because	of	this	agent’s	mechanism	of	renal	clearance,	it	can	be	
used to calculate GFR.

•	 This	agent	is	dependent	on	GFR	and	less	useful	in	patients	with	
renal failure.

Technetium 99m –Dimercaptosuccinic Acid (99m Tc-DMSA)
•	 Cleared	 by	 glomerular	 filtration	 and	 localizes	 mostly	 to	 the	

renal cortex.
•	 Most	 useful	 for	 identifying	 cortical	 defects	 and	 ectopic	 kidneys	

and distinguishing between benign and malignant lesions.
•	 Because	99m Tc-DMSA is retained by the proximal tubular cells, 

this imaging agent is ideally suited for imaging cortical pro-
cesses such as acute pyelonephritis and renal scarring.

•	 No	valuable	information	on	the	ureter	or	collecting	system	can	
be obtained with 99m Tc-DMSA.

Technetium 99m -Mercaptoacetyltriglycine (99m Tc-MAG3)
•	 Cleared	mainly	by	tubular	secretion	and	excreted	in	the	urine.
•	 Used	in	diuretic	scintigraphy	for	diagnosis	of	upper	tract	ob-

struction and dynamic renal function (Fig.1.8).

Diuretic Scintigraphy

A renal scan using 99m Tc-MAG3 can provide information regard-
ing differential renal function and obstruction. The patient should 
be well hydrated the day of the study.
Phamacokinetics. Peak cortical uptake of the 99m Tc-MAG3 radio-
tracer is typically observed 3 to 5 minutes after intravenous  
injection, shortly followed by the renal collecting system. By  
10 to 15 minutes, the bladder can be visualized as the radiotracer 
is excreted in the urine.
Phases of Dynamic Renal Imaging. Dynamic renal imaging is 
performed in the perfusion and functional phases (Fig. 1.9).
•	 Perfusion	phase	–	Renal	plasma	blood	flow	(RPF)	to	each	indi-

vidual	renal	unit	is	measured	and	compared	with	flow	within	the	
aorta.	A	curve	with	a	slow	rise	to	peak	suggests	poor	flow	to	the	
kidney and likely underlying poor renal function.

•	 Functional	phase	–	A	comparison	of	the	individual	renal	curves	
allows for the determination of relative RPF or renal function.  
A healthy kidney will spontaneously clear the radiotracer within 
15 minutes of initial injection. An obstructed renal unit will  
show retention of radiotracer in the collecting. Some patients 
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FIG. 1.8 (A) Technetium 99m -mercaptoacetyltriglycine (99m Tc-MAG3) perfusion images 
demonstrate normal, prompt, symmetric blood flow to both kidneys. (B) Perfusion 
time-activity curves demonstrating essentially symmetric flow to both kidneys. Note 
the rising curve typical of 99m Tc-MAG3 flow studies. Dynamic function images dem-
onstrate good uptake of tracer by both kidneys and prompt visualization of the  
collecting systems. This renogram demonstrates prompt peaking of activity in both 
kidneys. The downslope represents prompt drainage of activity from the kidneys. 
Printout of quantitative data shows the differential renal function to be 47% on the 
left, 53% on the right. The normal half-life for drainage is less than 20 minutes when 
99m Tc-MAG3 is used. The half-life is 5 minutes on the left and 7 minutes on the right, 
consistent with both kidneys being unobstructed.
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may experience delayed clearance of radiotracer from the renal 
pelvis, although they do not have a truly obstructed system (e.g., 
previously repaired obstructive process such as a ureteropelvic 
junction obstruction).

•	 To	 differentiate	 these	 patients	 from	 those	with	 obstruction,	
the diuretic furosemide can be administered when maximum 
collecting system activity is visualized. The half-time is the 
time it takes for collecting system activity to decrease by  
50% from that at the time of diuretic administration. A post-
furosemide half-clearance time of less than 10 minutes is 

FIG. 1.9 Normal Technetium 99m -mercaptoacetyltriglycine (99m Tc-MAG3) renogram 
of a patient with history of hydronephrosis being evaluated for obstruction. In the 
upper portion of the figure, a series of 2-second–per–frame flow images demon-
strate the movement of radiotracer from the site of injection, to the heart, aorta/
renal arteries, and kidneys. A corresponding time-activity curve is shown. The white 
curve reflects activity in the aorta, and the purple and teal curves reflect radiotracer 
activity in the kidneys. Note the sharp upstroke of all three lines and that activity in 
the aorta precedes activity in the kidneys by several seconds. In the lower half of 
the figure, a series of 2-minute–per–frame images depicts radiotracer activity within 
the kidneys as it transitions bilaterally into the collecting systems and then drains 
down the ureters. In the corresponding time-activity curve, activity within the kid-
neys peaks at approximately 3 to 4 minutes and then washes out, reaching half-
peak approximately 6 to 9 minutes later. The split function of the kidneys is within 
normal limits, measuring 46% on the left and 54% on the right (red rectangle). No 
evidence of obstruction is present, and no furosemide is administered.
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consistent with a patulous nonobstructed system, whereas  
a half-clearance time of more than 20 minutes is generally 
consistent with obstruction (Fig. 1.10). A half-clearance time 
between 10 to 20 minutes is considered indeterminate, and 
further evaluation is warranted.

A

FIG. 1.10 99m Tc-MAG3 renogram of a patient with right-sided renal obstruction. 
(A) In the 2-second–per–frame flow images at the top of the panel, the left  
kidney appears much better perfused than the right kidney. This is borne out in 
the time-activity curve in the upper half of the panel in which the teal curve 
representing the left kidney has a significantly sharper upstroke relative to the 
purple curve of the right kidney. The white curve of the aorta is irregular and 
unreliable because of the abnormal course of the aorta caused by the patient’s 
scoliosis. In the bottom half of the panel, the 2-minute–per–frame images dem-
onstrate normal transit of radiotracer through the left kidney parenchyma and 
into the collecting system, with drainage to the bladder. This is shown by the teal 
curve of the left kidney on the time-activity curve. The right kidney, which ap-
pears smaller and has a central photopenic area corresponding to a dilated renal 
pelvis, demonstrates increasing uptake throughout the study with very slow 
transit into the collecting system. This is shown by the purple curve of the right 
kidney in the time-activity curve. A markedly abnormal split function is present, 
measuring 79% on the left and 21% on the right (red rectangle). 
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Urologic Ultrasonography

Ultrasonography	is	a	versatile	and	relatively	inexpensive	imaging	
modality that utilizes sound waves (Fig. 1.11) to provide real-time 
evaluation of urologic organs and structures without the need for 
ionizing radiation.
Renal Ultrasonography. This study is completed using a curved or 
linear transducer. In adults, the cortex is hypoechoic with respect 
to the liver (Fig. 1.12). The central band of echoes in the kidney is 
a hyperechoic area that contains the renal hilar adipose tissue, 
blood vessels, and collecting system. Renal ultrasonography can be 
challenging in the context of patient obesity, presence of  
intestinal gas, or other anatomic abnormalities. Renal ultrasonog-
raphy has poor sensitivity for renal masses ,2 cm.

B

FIG. 1.10, cont’d (B) Given the obstructive pattern of the right kidney, 40 mg of 
intravenous furosemide was administered. The 1-minute–per–frame images in 
the upper portion of the panel demonstrate no significant clearing of radiotracer 
from the left renal collecting system after furosemide administration. This is also 
seen in the time-activity curve, where the teal curve representing the left kidney 
is nearly horizontal. The lack of response to furosemide is diagnostic of an ob-
structed collecting system.



CHAPTER 1 Evaluation of the Urologic Patient26

Pulse
generator

Time-gain
compensation

Scan
converter

Monitor

Object

Transducer/
receiver

Amplifier

Master
clock

FIG. 1.11 In this simplified schematic diagram of ultrasound imaging, the ultra-
sound wave is produced by a pulse generator controlled by a master clock. The 
reflected waves received by the transducer are analyzed for amplitude and transit 
time within the body. The scan converter produces the familiar picture seen on 
the monitor. The actual image is a series of vertical lines that are continuously 
refreshed to produce the familiar real-time, gray-scale image.
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FIG. 1.12 Midsagittal plane of the kidney. Note the relative hypoechogenicity of 
the renal pyramids (P) compared with the cortex (C). The central band of echoes 
(B) is hyperechoic compared with the cortex. The midsagittal plane will have the 
greatest length measurement pole to pole. A perfectly sagittal plane will result in 
a horizontal long axis of the kidney.
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Bladder Ultrasonography. A curved transducer is used, and the 
patient should have a full bladder to optimize visualization. The 
bladder is scanned in a sagittal and transverse manner (Fig. 1.13). 
Evaluation	 includes	 the	 bladder	 lumen,	 wall	 configuration	 and	
thickness, presence of lesions/stones/tumors, and emergence of 
urine	from	ureteral	orifices	(ureteral	jets).
Scrotal Ultrasonography. Because the scrotum and its contents 
are	 superficial,	 ultrasonography	 yields	 excellent	 and	 detailed	 
anatomic information including the entire scrotal contents and 
epididymis. Indications for scrotal ultrasonography include as-
sessment of scrotal and testicular masses, scrotal/testicular pain, 
scrotal trauma, evaluation of infertility, follow up after scrotal 
surgery, and evaluation of an empty or abnormal scrotum. Testicu-
lar	blood	flow	may	be	demonstrated	with	color	or	power	Doppler	
(Fig. 1.14).
Ultrasonography of the Penis and Male Urethra. Indications in-
clude evaluation of penile vascular dysfunction, documentation of 
fibrosis	 of	 the	 corpora	 cavernosa,	 localization	 of	 foreign	 body,	
evaluation of urethral stricture or diverticulum, or assessment of 
penile pain or trauma. The most common application of penile 
ultrasound is in the evaluation of erectile dysfunction (ED) and 
penile curvature. The proximal portions of the urethra may be 
evaluated via perineal ultrasonography. Transverse scanning of the 

A

BL BL

U U

B

FIG. 1.13 (A) Transverse view of the bladder (BL) in this female patient demon-
strates the uterus (U). (B) Sagittal view of the bladder shows the uterus posterior 
to the bladder.



CHAPTER 1 Evaluation of the Urologic Patient28

phallus reveals the two corpora cavernosa dorsally and the urethra 
ventrally (Fig. 1.15). The sagittal view of the phallus demonstrates 
the corpora cavernosa with a hyperechoic, double linear structure 
representing the cavernosal artery. The corpus spongiosum is 
isoechoic to slightly hypoechoic and contains the coapted urethra.
Transperineal/Translabial Ultrasound. This study allows for visual-
ization of the female bladder, urethra (urethral diverticula, tumors, 
or	foreign	bodies),	and	pelvic	floor	(Fig. 1.16). This technique can 
also be used to assess cases of stress urinary incontinence and pelvic 
organ prolapse in real time and evaluate complications of urethral 
slings and pelvic reconstruction (sling failure, erosion, de novo void-
ing dysfunction).
Transrectal Ultrasonography of the Prostate (TRUS). Indications 
for this study include measurement of prostate volume, abnormal 
DRE or elevated PSA, ultrasound-guided prostate biopsy, evalua-
tion of cysts, prostatitis, prostate abscess, congenital abnormality, 
lower urinary tract symptoms, pelvic pain, hematospermia, or  

FIG. 1.14 Demonstration of normal bilateral intratesticular blood flow by color 
Doppler.
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FIG. 1.15 (A) In the transverse plane scanning from the dorsal surface of the 
midshaft of the penis, the corpora cavernosa (CC) are paired structures seen 
dorsally, whereas the corpus spongiosum (CS) is seen ventrally in the midline.  
A calcification (Ca11) is seen between the two CC with posterior shadowing. 
(B) In the parasagittal plane, the CC is dorsal with the relatively hypoechoic  
CS seen ventrally. Within the CC, the cavernosal artery is shown with a Ca11 in 
the wall of the artery and posterior shadowing.

infertility (azoospermia). A digital rectal exam is performed prior to 
TRUS	to	evaluate	for	pain,	stricture,	mass	lesion,	or	bleeding.	The	
probe is inserted, and a “survey” scan of the prostate is performed 
from base to apex, including the peripheral zone, transition zone, 
urethra, seminal vesicles, and rectal wall. Prostate volume is typi-
cally calculated using AP, height, and length measurements.
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FIG. 1.16 Normal transperineal ultrasound of the female pelvis in the midsagittal 
plane. The anterior compartment comprises the bladder (BL) and urethra, apical 
compartment comprises the vagina and uterus (UT), posterior compartment is 
the rectum. (Image courtesy Lewis Chan, MD.)

Urologic Computed Tomography (CT)

A CT scan produces 3D images of internal structures based  
on computer reconstruction of cross-sectional images of the  
body based upon x-ray transmission through thin slices of the 
body tissue (Fig. 1.17).
Types of CT. CT can be completed with or without intravenous or 
oral (IV/PO) contrast. IV contrast may be required for better de-
lineation of soft tissue. Oral contrast is not commonly used in 
urology but may be helpful in certain cases to differentiate bowel 
from lymph nodes, scar, or tumor. It is important to consider the 
risks	 and	 benefits	 associated	 with	 contrast-enhanced	 imaging	
studies.
•	 Allergic-like reactions	 (mild,	 moderate,	 severe)	 –	 Consider	

premedication with corticosteroid/antihistamine.
•	 Post-contrast acute kidney injury	–	This	is	defined	as	deteriora-

tion in renal function that occurs within 48 hours following IV 
iodinated contrast. Avoid iodinated contrast in patients with 
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FIG. 1.17 Computed tomography (CT) of the abdomen and pelvis demonstrating 
normal genitourinary anatomy. (A) The adrenal glands are indicated with arrows. 
The upper pole of the right and left kidneys is indicated with rk and lk, respectively. 
a, Aorta; li, liver; p, pancreas; s, spleen; v, inferior vena cava. (B) Scan through the 
upper pole of the kidneys. The left adrenal gland is indicated with an arrow. a, 
Aorta; c, colon; d, duodenum; li, liver; lk, left kidney; p, pancreas; rk, right kidney; 
v, inferior vena cava. (C) Scan through the hilum of the kidneys. The main renal 
veins are indicated with solid arrows, and the right main renal artery is indicated 
with an open arrow. a, Aorta; c, colon; d, duodenum; li, liver; lk, left kidney; p, 
pancreas; rk, right kidney; v, inferior vena cava. (D) Scan through the hilum of the 
kidneys slightly caudal to C. The left main renal vein is indicated with a solid straight 
arrow, and the left main renal artery is indicated with an open arrow. The hepatic 
flexure of the colon is indicated with a curved arrow. a, Aorta; c, colon; d, duode-
num; li, liver; lk, left kidney; p, pancreas; rk, right kidney; v, inferior vena cava. 

Continued
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FIG. 1.17, cont’d (E) Scan through the mid to lower polar region of the kidneys. 
a, Aorta; ac, ascending colon; d, duodenum; dc, descending colon; lk, left 
kidney; p, pancreas; rk, right kidney; rp, renal pelvis; v, inferior vena cava. (F) CT 
scan obtained below the kidneys reveals filling of the upper ureters (arrows). The 
wall of the normal ureter is usually paper thin or not visible on CT. a, Aorta; ac, 
ascending colon; dc, descending colon; v, inferior vena cava. (G) Contrast filling 
of the midureters (arrows) on a scan obtained at the level of the iliac crest and 
below the aortic bifurcation. ac, Ascending colon; dc, descending colon; la, left 
common iliac artery; ra, right common iliac artery; v, inferior vena cava. (H) The 
distal ureters (arrows) course medial to the iliac vessels on a scan obtained below 
the promontory of the sacrum. b, Urinary bladder; la, left external iliac artery; 
lv, left external iliac vein; ra, right external iliac artery; rv, right external iliac vein. 
(I) Scan through the roof of the acetabulum reveals distal ureters (solid arrows) 
near the ureterovesical junction. The bladder (b) is filled with urine and partially 
opacified with contrast material. The normal seminal vesicle (open arrows) 
usually has a paired bow-tie structure with slightly lobulated contour. a, Right 
external iliac artery; r, rectum; v, right external iliac vein. (J) Scan at the level of 
the pubic symphysis (open arrow) reveals the prostate gland (solid arrow). 
a, Right external iliac artery; m, obturator internus muscle; r, rectum; v, right 
external iliac vein.
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eFGR ,30 mL/min/1.73m2. Anuric patients with end-stage renal 
disease and no functioning transplant kidney may receive IV 
contrast without risk of additional renal injury. In patients with 
renal insufficiency on metformin, discontinue metformin the day 
of iodinated contrast study and hold for 48 hours (risk of develop-
ing lactic acidosis).

Hounsfield Units (HU). Unit	 expressing	 attenuation	 values	 (gray	
scale of each pixel on a CT depending on the amount of radiation 
absorbed at that point)
•	 Air	5 21000	HU
•	 Dense	bone	5 11000	HU
•	 Water	5	0	HU
Urolithiasis. The standard diagnostic tool for evaluation of 
kidney stones is noncontrast CT imaging (Fig. 1.18). With the 
exception of some indinavir stones, all renal and ureteral stones 
can be detected on CT scan. Stones in the distal ureter can be dif-
ficult	 to	 differentiate	 between	 pelvic	 calcifications	 (phleboliths).	
Low-dose/ultra low-dose unenhanced CT scan should be used 
when available and is especially important in recurrent stone 
formers to reduce lifelong radiation exposure.
Cystic and Solid Renal Masses. Renal masses can be characterized 
as a simple cyst, complex cyst, or solid mass. When the unen-
hanced CT images of a renal mass are compared with the en-
hanced images obtained in the cortical medullary or nephrogenic 
phase,	an	increase	in	Hounsfield	units	(measured	in	the	area	of	the	
renal	mass)	by	15	to	20	HU	confirms	the	presence	of	a	solid	en-
hancing mass, indicating a likely renal cancer. The presence of fat 
(enhances ,10	HU)	is	diagnostic	for	angiomyolipoma.	A	hyper-
dense cyst shows no change in density between the postcontrast 
and delayed phase images. Complex cystic masses are character-
ized	by	the	Bosniak	classification	system	(updated	2019).

Urologic Magnetic Resonance Imaging (MRI)

To	obtain	an	MRI,	a	patient	passes	through	a	magnetic	field,	and	
free	water	protons	are	oriented	along	 the	magnetic	field’s	 z-axis.	
An MR sequence exploits the body’s different tissue characteristics 
and the manner that each type of tissue absorbs and then releases 
proton energy. Fluid has a low signal intensity and appears dark on 
T1-weighted	MRIs	whereas	fluid	on	T2-weighted	MRIs	has	a	high	
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FIG. 1.18 Computed tomography of the abdomen and pelvis in patient with an 
obstructing ureteral stone at the level of the ureterovesicle junction. (A) Level of 
the left upper pole. Mild renal enlargement, caliectasis, and perinephric stranding 
are apparent. (B) Level of the left renal hilum. Left pyelectasis with a dependent 
stone, mild peripelvic and perinephric stranding, and a retroaortic left renal vein. 
(C) Level of the left lower pole. Left caliectasis, proximal ureterectasis, and mild 
periureteral stranding are present. (D) Level of the aortic bifurcation. The dilated 
left ureter (arrow) has lower attenuation than do nearby vessels. (E) Level of the 
upper portion of the sacrum. A dilated left ureter (arrow) crosses anteromedial 
to the common iliac artery. (F) Level of the midsacrum. A dilated left ureter (arrow) 
is accompanied by periureteral stranding. 
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FIG. 1.18, cont’d (G) Level of the top of the acetabulum showing a dilated  
pelvic portion of the left ureter (arrow). (H) Level of the ureterovesical junction. 
The impacted stone with a “cuff” or “tissue rim” sign that represents the edema-
tous wall of the ureter. (Reprinted from Talner LB, O’Reilly PH, Wasserman NF. 
Specific causes of obstruction. In: Pollack HM, et al., eds: Clinical urography, 
2nd ed. Philadelphia: Saunders, 2000.)

signal intensity and appears bright. Gadolinium contrast should  
be avoided in patients with eGFR ,30 mL/min/1.73m2 due to 
risk	 of	 nephrogenic	 systemic	 fibrosis	 (NSF).	 If	 an	 MRI	 is	 per-
formed in this group, a group II contrast agent should be used. It 
is not necessary to discontinue metformin for gadolinium contrast 
studies.
Adrenal MRI. Adrenal lesions are well suited for evaluation with 
MRI. Benign and malignant lesions are evaluated based on size 
and lipid content. Pheochromocytoma exhibits a hyperintense 
“bright” signal intensity on T2-weighted images (Fig. 1.19).
Renal MRI. Benign renal lesions and cysts do not enhance. MRI 
allows for detecting enhancement of RCC in the wall of complex 
cysts. Hemorrhage within a cyst results in a high signal on T1-
weighted images. MRI allows differentiation of subtypes of RCC 
using a multiparametric approach (Table 1.5).
Urothelial Cell Carcinoma (Upper and Lower Tract). MR urography 
can be used in patients in whom other imaging modalities are con-
traindicated. MR urography uses heavily weighted T2 sequences in 
which	fluid/urine	have	a	high	signal	intensity	or	T1-weighted	im-
ages	with	gadolinium.	Nephrolithiasis	or	calcification	on	MRI	has	
no signal characteristics; therefore, it appears as a signal void  
on	imaging.	Urothelial	tumors,	blood	clots,	gas,	or	sloughed	renal	
papilla may exhibit a low signal or signal voids on T2-weighted im-
ages secondary to the high signal of urine.
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Prostate MRI. Includes anatomic (T1- and T2-weighted imaged) 
and functional imaging techniques (diffusion-weighted imaging 
[DWI]	with	apparent	diffusion	coefficient	[ADC]	maps,	DCE	se-
quences). Initial T1-weighted sequences are obtained to determine 
if hemorrhage is present within the prostate and, if present, may 
limit the diagnostic interpretation of the study. T2-weighted se-
quences of the prostate provide anatomic information and should 
include a triplanar (axial, coronal, and sagittal) or comparable se-
quence (Fig. 1.20). These images provide a detailed anatomic as-
sessment of the gland.

Nuclear Medicine in Urology

Nuclear imaging uses agents labeled with radionuclides to 
characterize molecular processes within cells. Radiotracers are 
administered and emit radioactivity that can be detected by an 
external sensor unit, formatted as an image.
Whole-Body Bone Scan. Skeletal scintigraphy is the most sensi-
tive method for detecting bone metastasis. A “positive” bone scan 

FIG. 1.19 A 50-year-old man with a left side pheochromocytoma and select images 
from a 1.5T magnetic resonance imaging. (A) Heavily weighted T2 single-shot fast 
spin echo with an isointense signal (not bright). (B) Moderately weighted T2 fat-
suppressed fast recovery fast spin echo with hyperintense signal (bright). (C) T1-
weighted precontrast images. (D) T1-weighted postcontrast images with marked 
early enhancement.
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Table 1.5 Morphologic and Imaging Characteristics of Incidental Adrenal Lesions (IAL)

IAL
SIZE 
(cm) SHAPE TEXTURE

UNENHANCED CT 
ATTENUATION 
(HU)

15-MINUTE CT 
WASHOUT (%)

MRI SIGNAL  
CHARACTERISITICS

NUCLEAR MEDICINE 
CHARACTERISTICS

Adrenal  
metastasis

Variable Variable Heterogeneous 
when larger

.10 RPW ,40 High T2 signal Positive on PET 
images

Adrenal  
cortical  
carcinoma

.4 cm Variable Variable .10 RPW ,40 Intermediate to 
high T2 signal

Positive on PET 
images

Pheochromo-
cytoma

Variable Variable Variable .10 rarely 
,10

RPW ,40 High T2 signal Positive on MIbG

Cyst Variable smooth, 
Round

Smooth ,10 does not  
enhance

High T2 signal Negative

Adenoma 1–4 cm Smooth, 
round

Homoge-
neous

,10 in 70% RPW .40; 
APW .60

SI dropoff on OP 
images

Variable on PET 
images

Myelolipoma 1–5 cm Smooth, 
round

Variable with 
macroscopic 
fat

,0, often 
,-50

No data High T1 signal, 
India ink, vari-
able SI dropoff 
on OP images

Negative on PET 
images

Lymphoma Variable Variable Variable .10 RPW ,40 Intermediate SI Variable positivity 
on PET images

Continued
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APW, Absolute percentage washout; CT, computed tomography; MIBG, m-iodobenzylguanidine; OP, out-of-phase; RPW, relative percentage washout; SI, signal intensity.
From Boland GW, Blake MA. Incidental adrenal lesions: principles, techniques, and algorithms for imaging characterization. Radiology 2008;249(3):756-775; Taffel M, Haji-Momenian S. 

Adrenal imaging: a comprehensive review. Radiol Clin North Am 2012;50(2):219-243.

IAL
SIZE 
(cm) SHAPE TEXTURE

UNENHANCED CT 
ATTENUATION 
(HU)

15-MINUTE CT 
WASHOUT (%)

MRI SIGNAL  
CHARACTERISITICS

NUCLEAR MEDICINE 
CHARACTERISTICS

Hematoma Variable Smooth Variable .10, 
sometimes 
.50

No data Variable signal Negative

Neuroblastoma Variable Variable smooth, 
Round

.10 RPW , 40 Variable if ne-
crotic

Positive

Ganglioneu-
roma

Variable Variable Variable .10 No data Usually interme-
diate SI

Usually negative

Hemangioma Variable Variable Variable .10 No data Usually interme-
diate SI

Usually negative

Granulomatous 1–5 cm Smooth Usually homo-
geneous

.10 No data Usually interme-
diate SI

Positive on PET 
images if active

Table 1.5 Morphologic and Imaging Characteristics of Incidental Adrenal Lesions (IAL)—cont’d
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FIG. 1.20 A 66-year-old African American man with a prostate-specific antigen (PSA) 
of 7.0 and two prior negative biopsies. A 3T mpMRI with an endorectal coil of the 
prostate was obtained. There were two suspicious areas. (A), (D), and (E) are the tripla-
nar axial, sagittal, and coronal plane images, respectively. The peripheral zone (blue 
line) and the central gland (yellow arrow) are well visualized. The red arrow represents 
a well-circumscribed heterogeneous benign prostatic hypertrophy nodule (11 mm 3 
11 mm 3 14 mm) within the peripheral zone with no communication to the central 
gland. (B) The corresponding apparent diffusion coefficient map demonstrates areas 
of heterogeneous restriction (761 3 1026 mm2/s). (C) The lesion on the dynamic con-
trast-enhanced (DCE) image exhibits focal type 2 and 3 enhancement curves. (F) The 
DCE quantitative analysis is listed. The patient underwent a fusion biopsy. The lesion 
was also appreciated on ultrasonography, and no cancer was detected.

is	not	specific	for	cancer	and	may	require	plain	film	radiography,	
CT,	or	MRI	to	confirm	as	well	as	correlation	with	prior	history	of	
bone fractures, trauma, surgery, or arthritis.
Positron Emission Tomography (PET). PET/CT and PET/MRI offer 
diagnostic information based on glucose, choline, or amino acid 
metabolism depending on the radiotracer used. Molecular imaging 
of cancer is most commonly performed using PET radiotracer 
2-[18	F]fluoro-2-deoxy-D-glucose	(18 F-FDG). It has a well-established 
role in the detection of residual seminomatous germ cell tumors fol-
lowing chemotherapy (Fig. 1.21).

While it is important to select the study that provides the 
most useful information, it is also important to consider radia-
tion exposure (Table 1.6) to the patient to be “As Low as reason-
ably achievable” (ALARA).

HEMATURIA
Hematuria, or presence of blood in the urine, is a concerning uro-
logic sign and it must be thoroughly evaluated because it signals 
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FIG. 1.21 Fluorine-18 fluorodeoxyglucose (18 F-FDG) PET/CT is useful for staging 
and restaging of seminoma in patients treated with chemotherapy. This patient 
presented with a right-sided seminoma with bulky right-sided retroperitoneal 
lymph nodes. Positron emission tomography/computed tomography after che-
motherapy shows no uptake in the previously positive nodal region.

Table 1.6  Radiation Exposure From Common Urologic Imaging 
Procedures

RELATIVE  
RADIATION  
LEVEL (RRL)

EFFECTIVE DOSE  
ESTIMATED RANGE EXAMPLE EXAMINATIONS

None 0 Ultrasound, MRI
Minimal ,0.1 mSv Chest radiographs
Low 0.1–1.0 mSv Lumbar spine radiographs,  

pelvic radiographs
Medium 1–10 mSv Abdomen CT without contrast, 

nuclear medicine, bone scan, 
99m Tc-DMSA renal scan, IVP, 
retrograde pyelograms, KUB,  
chest CT with contrast

High 10–100 mSv Abdomen CT without and with 
contrast, whole-body PET

IVP, Intravenous pyelogram; KUB, kidney, ureters, bladder
Modified from American College of Radiology: ACR Appropriateness Criteria Radiation Dose 

Assessment Introduction. http://www.acr.org/SecondaryMainMenuCategories/quality_safety/
app_criteria/RRLInformation.aspx, 2008.

http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx
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the	presence	of	a	genitourinary	(GU)	malignancy	in	up	to	25%	of	
patients.	 Hematuria	 is	 classified	 as	 gross	 or	 microscopic.	 Gross	
hematuria (GH) is often alarming to patients, whereas micro-
scopic hematuria (MH) goes unnoticed by the patient until it is 
detected	 by	 urinalysis.	 Per	 the	American	Urological	Association	
(AUA),	MH	is	defined	as	 three	or	more	RBCs/HPF	and	a	single	
positive urinalysis is sufficient to prompt evaluation.

Causes of Microscopic Hematuria

In most studies, one-thirds to two-thirds of patients evaluated for 
MH have a demonstrable cause. These include urinary calculus, 
benign prostatic enlargement (BPH), urethral stricture, and vari-
ous other conditions (Table 1.7). Malignancy is found in 0.68% to 
4.3% of patients being evaluated for MH. The likelihood of identi-
fying malignancy is greater with higher levels of MH (.25 RBCs/
HPF), GH, or with risk factors for malignancy (Table 1.8).

Selecting Patients for Evaluation

The	AUA	guidelines	recommend	evaluating	all	adults	with	asymp-
tomatic MH or GH. A thorough history and exam is required as GH 
must be distinguished from pigmenturia, which may be due to exog-
enous sources (e.g., bilirubin, myoglobin), foods (e.g., beets and 
rhubarb), drugs (e.g., phenazopyridine), and simple dehydration. In 
women, GH must also be distinguished from vaginal bleeding, which 
usually can be achieved by obtaining a careful menstrual history.

In order to prevent a misdiagnosis or delay in diagnosis of a  
more concerning etiology for hematuria, patients who are sus-
pected to have hematuria due to benign causes must have that 
benign cause substantiated by clinical evidence. They should also 
be further evaluated once the suspected benign cause has resolved. 
Patients who develop hematuria in the setting of anticoagulation 
(e.g., warfarin, enoxaparin, heparin, aspirin, clopidogrel) should 
still	undergo	a	complete	evaluation	as	the	risk	of	underlying	GU	
malignancy is similar to the patients not on anticoagulation.

Guideline-Based Evaluation of Microscopic and Gross 
Hematuria

The	 AUA	 guidelines	 has	 an	 evaluation	 algorithm	 for	 MH	
(Fig.  1.22). Again, all patients with gross hematuria should un-
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Table 1.7  Differential Diagnosis of Asymptomatic Microhematuriaa

CATEGORY EXAMPLES

COMMON CLINICAL 
PRESENTATION AND RISK 
FACTORS

Neoplasm Any Pelvic irradiation, chronic  
urinary tract infections,  
indwelling foreign body 

Bladder cancer Older age, male predominance, 
tobacco use, occupational  
exposures, irritative voiding 
symptoms

Ureteral or renal 
pelvis cancer

Family history of early colon 
cancers or upper tract 
tumors, flank pain

Renal cortical tumor Family history of early kidney 
tumors, flank pain, flank 
mass

Prostate cancer Older age, family history, 
African-American

Urethral cancer Obstructive symptoms, pain, 
bloody discharge

Infection/
inflammation

Any History of infection

Cystitis Female predominance, dysuria
Pyelonephritis Fever, flank pain, diabetes, 

female predominance
Urethritis Exposure to sexually trans-

mitted infections, urethral 
discharge, dysuria

Tuberculosis Travel to endemic areas
Schistosomiasis Travel to endemic areas
Hemorrhagic cystitis Infections, pelvic radiation, 

certain medications,  
chemical exposures

Calculus Any
Nephroureterolithiasis Flank pain, family history, 

prior stone
Bladder stones Bladder outlet obstruction

Benign prostatic 
enlargement

Male, older age, obstructive 
symptoms

Medical renal 
diseaseb

Any Hypertension, azotemia, 
dysmorphic erythrocytes, 
cellular casts, proteinuria

Nephritis
IgA nephropathy
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CATEGORY EXAMPLES

COMMON CLINICAL 
PRESENTATION AND RISK 
FACTORS

Congenital or 
acquired 
anatomic 
abnormality

Polycystic kidney 
disease

Ureteropelvic junction 
obstruction

Ureteral stricture
Urethral diverticulum
Fistula

Family history of renal cystic 
disease

History of UTI, stone, flank 
pain

History of surgery or radia-
tion, flank pain, 
hydronephrosis; stranguria, 
spraying urine

Discharge, dribbling, 
dyspareunia, history of UTI, 
female predominance

Pneumaturia, fecaluria, 
abdominal pain, recurrent 
UTI, history of diverticulitis 
or colon cancer

Other Exercise-induced 
hematuriac

Recent vigorous exercise

Endometriosis Cyclic hematuria in a 
menstruating woman

Hematologic or 
thrombotic disease

Family history or personal 
history of bleeding or 
thrombosis

Papillary necrosis African-American, sickle cell 
disease, diabetes, analgesic 
abuse

Arteriovenous 
malformation

Renal vein thrombosis
Interstitial cystitis Voiding symptoms
Trauma History
Recent genitourinary 

surgery or instru-
mentation

History

aDifferential diagnosis, having ruled out obvious benign causes, such as menstruation, recent 
instrumentation, uncomplicated cystitis, etc.

bPresence of hematologic illness, medical renal illness or use of anticoagulants or antiplatelet 
agents does not preclude the need for a hematuria evaluation.

cExercise-induced hematuria is a diagnosis of exclusion. Absence of hematuria after abstinence 
from exercise must be confirmed.

IgA, Immunoglobulin A; UTI, urinary tract infection.

Table 1.7  Differential Diagnosis of Asymptomatic 
Microhematuriaa—cont’d
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Table 1.8  Selected Guidelines for Evaluation of Asymptomatic Microhematuria

GUIDELINE BODY
REFERENCE, 
YEAR AGE/SEX

CRITERIA FOR  
EVALUATION CYSTOSCOPY IMAGING BIOMARKERS

American Urolog-
ical Association

Davis et al., 
2012

Adults 3 or more RBCs/HPF 
on a single UA

35 years old or 
with risk factors

CT urogram 
preferred

Not 
recommended

Canadian Consen-
sus Document

Kassouf et al., 
2016

Adults 3 or more RBCs/HPF 
on 2 out of 3 UAs

35 years old Provider discre-
tion

Not 
recommended

Kaiser Permanente Loo et al., 2009 Adults More than 3 RBCs/
HPF on 2 out of  
3 UAs

Urologist discre-
tion

CT urogram or 
IVP 1 RUS

No consensus on 
cytology

American College 
of Obstetricians 
and 
Gynecologists 
and American 
Urogynecologic 
Society

Committee 
Opinion, 2017

Adults 
Women

Not stated Avoid in never-
smoking 
women age 
35–50; only 
evaluate if .25 
RBCs/HPF

Avoid in never-
smoking 
women age 
35–50; only 
evaluate if .25 
RBCs/HPF

Not stated

Japanese Horie et al., 
2014

Adults  
40 years

5 or more RBCs/HPF 
on a single UA

40 years old, 
with risk factors

US 1/2 Cytology

Dutch van der Molen 
and Hovius, 
2012

Adults  
50 years

3 or more RBCs/HPF 
on 2 out of 3 UAs

.50 years; pro-
vider discretion 
in younger  
patients

US if .50 years 
old; provider 
discretion in 
younger 
patients

Cytology 
recommended 
in patients with 
negative 
evaluation

American College 
of Physicians

Nielsen and 
Qaseem, 2016

Adults 3 or more RBCs/HPF 
on a single UA

Not stated Not stated Not recom-
mended

UK National Insti-
tute for Health 
and Care Excel-
lence (NICE)

NICE, 2016
Anderson et al., 

2008

Patients 
over age 
60

11 blood or more 
on urine dip stick 
test PLUS

Dysuria or elevated 
leukocytosis

Not stated Not stated Not stated
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Table 1.8  Selected Guidelines for Evaluation of Asymptomatic Microhematuria

GUIDELINE BODY
REFERENCE, 
YEAR AGE/SEX

CRITERIA FOR  
EVALUATION CYSTOSCOPY IMAGING BIOMARKERS

American Urolog-
ical Association

Davis et al., 
2012

Adults 3 or more RBCs/HPF 
on a single UA

35 years old or 
with risk factors

CT urogram 
preferred

Not 
recommended

Canadian Consen-
sus Document

Kassouf et al., 
2016

Adults 3 or more RBCs/HPF 
on 2 out of 3 UAs

35 years old Provider discre-
tion

Not 
recommended

Kaiser Permanente Loo et al., 2009 Adults More than 3 RBCs/
HPF on 2 out of  
3 UAs

Urologist discre-
tion

CT urogram or 
IVP 1 RUS

No consensus on 
cytology

American College 
of Obstetricians 
and 
Gynecologists 
and American 
Urogynecologic 
Society

Committee 
Opinion, 2017

Adults 
Women

Not stated Avoid in never-
smoking 
women age 
35–50; only 
evaluate if .25 
RBCs/HPF

Avoid in never-
smoking 
women age 
35–50; only 
evaluate if .25 
RBCs/HPF

Not stated

Japanese Horie et al., 
2014

Adults  
40 years

5 or more RBCs/HPF 
on a single UA

40 years old, 
with risk factors

US 1/2 Cytology

Dutch van der Molen 
and Hovius, 
2012

Adults  
50 years

3 or more RBCs/HPF 
on 2 out of 3 UAs

.50 years; pro-
vider discretion 
in younger  
patients

US if .50 years 
old; provider 
discretion in 
younger 
patients

Cytology 
recommended 
in patients with 
negative 
evaluation

American College 
of Physicians

Nielsen and 
Qaseem, 2016

Adults 3 or more RBCs/HPF 
on a single UA

Not stated Not stated Not recom-
mended

UK National Insti-
tute for Health 
and Care Excel-
lence (NICE)

NICE, 2016
Anderson et al., 

2008

Patients 
over age 
60

11 blood or more 
on urine dip stick 
test PLUS

Dysuria or elevated 
leukocytosis

Not stated Not stated Not stated

CT, Computed tomography; HPF, high-power field; IVP, intravenous pyelogram; RBC, red blood cell; RUS, renal ultrasound; UA, urinalysis; US, ultrasound.
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Patient with microhematuria
≥ 3 RBC/HPF on UA with microscopy

Risk stratification1,3

Low Risk
All of the following:

Women age < 50; Men age < 40 yrs
Never smoker or < 10 pack-years

3–10 RBC/HPF on one UA
No additional risk factors for

urothelial cancer1

No prior episodes of MH3

Repeat Urinalysis within 6
months OR Cystoscopy and Renal

Ultrasound5

Cystoscopy and Renal
Ultrasound5 Cystoscopy and CT Urogram6

Intermediate Risk
Any of the following:

Women age 50–59; Men age 40–59 yrs
10–30 Pack-years smoking
11–25 RBC/HPF on one UA

One or more additional risk factors for
urothelial cancer1

Previously low-risk, no prior
evaluation and 3–25 RBC/HPF on

repeat UA

High Risk
Any of the following:

Women and men age > 60 yrs
>30 Pack-years smoking
> 25 RBC/HPF on one UA

History of gross hematuria
Previously low-risk, no prior

evaluation and > 25 RBC/HPF on
repeat UA

History and physical exam
Focus on risk factors for urothelial cancer

and non-malignant causes1

Shared
decision-making

Repeat urinalysis
positive

Repeat urinalysis 
negative

Repeat urinalysis positive

Non-malignant or
gynecologic source ruled out

Non-malignant or gynecologic
source identified

Evaluation directed by signs/symptoms
Include urine culture if infection is suspected

Treat non-malignant or
gynecologic source4

Repeat Urinalysis

Release from care

Non-malignant or
gynecologic source
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FIG. 1.22 Microscopic (MH) Algorithm. https://www.auanet.org/documents/Guidelines/GUI-20-5442%20MH%20Algorithm.pdf.

Treat as indicated
If urologic diagnosis is non-malignant,

repeat urinalysis after treatment
Consider Repeat Urinalysis

within 12 months

Shared decision-making regarding
repeat evaluation vs. observation

Consider cross-sectional imaging with urography
or retrograde pyelograms if not performed previously

Re-evaluate
If patient develops gross hematuria, increase in degree

of microhematuria or new urologic symptoms

Evaluation performed

Evaluation positive

Repeat urinalysis
positive

Repeat urinalysis
positive

Evaluation negative

Repeat urinalysis
negative

Repeat urinalysis
negativeRepeat urinalysis

negative

Release from urologic careRelease from urologic care

1. Main risk factors for urothelial cancer are those in the AUA risk stratification system (age, male sex, smoking, degree of microhematuria and history of gross hematuria). Additional 
risk factors for urothelial carcinoma include but are not limited to irritative lower urinary tract voiding symptoms, history of cyclophosphamide or ifosfamide chemotherapy, family 
history of urothelial carcinoma or Lynch Syndrome, occupational exposures to benzene chemicals or aromatic amines, history of chronic indwelling foreign body in the urinary tract

2. If medical renal disease is suspected, consider nephrologic evaluation, but pursue concurrent risk-based urological evaluation
3. Patients may be low-risk at first presentation with microhematuria, but may only be considered intermediate- or high-risk if found to have persistent microhematuria
4. There are non-malignant and gynecologic sources of hematuria that do not require treatment and/or may confound the diagnosis of MH. Clinicians can consider catheterized urine 

specimen in women with vaginal atrophy or pelvic organ prolapse. Clinicians must use careful judgment and patient engagement to decide whether to pursue MH evaluation in the 
setting of chronic conditions that do not require treatment, such as the aforementioned gynecologic conditions, non-obstructing stones or BPH.

5. Clinician may perform cross-sectional imaging with urography or retrograde pyelograms if hematuria persists after negative renal ultrasound
6. MR Urogram or Non-contrast imaging plus retrograde pyelograms if contraindications to CT Urogram

https://www.auanet.org/documents/Guidelines/GUI-20-5442%20MH%20Algorithm.pdf
https://www.auanet.org/documents/Guidelines/GUI-20-5442%20MH%20Algorithm.pdf
https://www.auanet.org/documents/Guidelines/GUI-20-5442%20MH%20Algorithm.pdf
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dergo a complete evaluation of the upper and lower genitourinary 
tracts. For MH, patients meeting criteria should undergo a risk 
stratified	evaluation,	even	if	one	phase	of	the	evaluation	shows	a	
suspected cause for the MH. For example, if a patient is found to 
have nephrolithiasis or a renal tumor on upper tract imaging, they 
should still undergo cystoscopy for to evaluate for lower tract  
pathology.
•	 A	thorough	history	and	physical	exam	should	be	performed.	

The goal is to identify causes that may warrant variation from 
the standard evaluation, such as infection, menstrual bleed-
ing, known medical-renal disease, food/medications, trauma, 
or	 recent	 GU	 instrumentation.	The	 history	 should	 also	 in-
clude an assessment of symptoms, such as GH, voiding symp-
toms,	 or	 flank	 pain.	 It	 should	 also	 include	 risk	 factors	 for	 
hematuria. Current medications, including anticoagulants, 
should be elicited even though it would not preclude an 
evaluation for hematuria. The history should include ques-
tions about tobacco use as it is the number one risk factor for 
bladder cancer.

•	 Physical	 examination	 should	 focus	 on	 the	 GU	 system	 (e.g.,	
flank	 tenderness,	 palpable	masses	 in	 the	flank,	 abdomen,	 su-
prapubic region, urethra; prostate exam, meatal stenosis). If 
urethral	 stricture	 or	 BPH	 is	 suspected,	 urine	 flow	 rate	 and	
postvoid residual measurement may be helpful.

•	 Laboratory	testing	includes	urinalysis	(if	not	performed	previ-
ously) to assess for hematuria, dysmorphic RBCs, cellular 
casts,	or	proteinuria.	Urine	culture	should	be	performed	if	the	
urinalysis	 is	 concerning	 for	 a	 urinary	 tract	 infection	 (UTI).	
Prostate-specific	antigen	should	be	checked	in	the	appropriate	
setting and patient population.

•	 Urine	cytologic	examination	is	highly	sensitive	and	specific	for	
the detection of high-grade urothelial carcinoma. However, cur-
rent evidence indicates that currently available urinary biomark-
ers, including cytology, is not sufficiently sensitive to replace 
cystoscopy or imaging, therefore, it should be not be performed 
in patients with MH. However, cytologic examination may be 
considered in patient with a negative initial workup in whom 
urothelial carcinoma is still suspected, as well as in patients with 
symptomatic MH or GH.
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•	 If	a	benign	cause	of	hematuria	is	found	during	the	initial	evalu-
ation	(e.g.,	UTI),	that	cause	should	be	verified,	treated,	then	the	
urine should be retested to ensure the hematuria has resolved. 
If a medical renal cause of hematuria is suspected based on 
history	 and	 laboratory	finding,	 nephrology	 evaluation	 is	 rec-
ommended, but the patient should still undergo full urologic 
hematuria evaluation.

Lower Tract Evaluation

Cystoscopy is the gold standard for lower tract evaluation because 
it is the most reliable way to evaluate the bladder for the presence 
of tumors and it allows for evaluation of the urethra. It should be 
performed in all intermediate and high risk patients. It can  
be considered in low risk patients rather than a repeat urinalysis 
(Fig 1.22).	 Currently,	 the	 AUA	 recommends	 against	 the	 use	 of	
blue-light cystoscopy for the evaluation of MH.

Upper Tract Evaluation

Multiphasic computed tomography (CT) urogram (i.e., CT with 
precontrast, nephrographic, and excretory phases) is the imaging 
study	recommended	by	the	AUA	guidelines	for	the	evaluation	of	
high risk patients with hematuria. (Fig. 1.23).
•	 First phase	–	Unenhanced	CT	to	distinguish	between	different	

masses that can be present in the kidney and uncover kidney 
stones that would later be obscured by the excretion of contrast 
into the renal collecting system.

•	 Second Phase (Corticomedullary Phase)	–	30	to	70	seconds	
after	contrast	injection,	defines	vasculature	and	perfusion.

•	 Third Phase (Nephrogenic Phase)	–	90		to	180	seconds	after	
injection of contrast, allows sensitive detection and character-
ization of renal masses.

•	 Final Phase (Excretory Phase)	–	3	to	5	minutes	after	injection	
of contrast. Allows visualization of the collecting system.

It	 offers	 complete	 imaging	 of	 the	 upper	 GU	 tract	 and	 has	 the	
highest	sensitivity	and	specificity	for	detecting	lesions	(e.g.,	neph-
rolithiasis, renal masses, ureteral masses). In patients whom CT 
urogram is contraindicated, magnetic resonance (MR) urogram 
may be used instead. In patients with contraindications for both 
imaging	modalities	 (e.g.	 significant	 renal	 compromise,	 contrast	
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allergies, pacemaker), the upper tracts may be evaluated with 
non-contrasted CT or ultrasound in conjunction with retrograde 
pyelography	to	evaluate	the	calyces,	renal	pelvis,	and	ureters.	Ul-
trasound is also recommended as the primary imaging modality 
for the low and intermediate risk hematuria patient.

If evaluation reveals nephrolithiasis, renal mass, or bladder 
tumor, these should be treated per guidelines and will be discussed 
elsewhere in this handbook. This chapter will discuss treatment of 
other benign etiologies of hematuria.

A B

C D

FIG. 1.23 Renal computed tomography (CT) demonstrating normal nephrogenic 
progression. (A) Unenhanced CT scan obtained at the level of the renal hilum 
shows right (R) and left (L) kidneys of CT attenuation values slightly less than those 
of the liver (H) and pancreas (P). A, Abdominal aorta; M, psoas muscle; S, spleen; 
V, inferior vena cava. (B) Enhanced CT scan obtained during a cortical nephro-
graphic phase, generally 25 to 80 seconds after contrast medium injection, reveals 
increased enhancement of the renal cortex (C) relative to the medulla (M). The 
main renal artery is indicated with solid arrows bilaterally. Main renal veins (open 
arrows) are less opacified with respect to the aorta (A) and arteries. D, Duodenum; 
P, pancreas; V, inferior vena cava. (C) CT scan obtained during the homogeneous 
nephrographic phase, generally between 85 and 120 seconds after contrast 
medium administration, reveals a homogeneous, uniform, increased attenuation 
of the renal parenchyma. The wall of the normal renal pelvis (RP) is paper thin or 
not visible on the CT scan. A, Abdominal aorta; V, inferior vena cava. (D) CT scan 
obtained during the excretory phase shows contrast medium in the RP bilaterally; 
this starts to appear approximately 3 minutes after contrast medium administration.
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Key Points

•	 A	urologist	should	systematically	perform	a	complete	urologic	
history and physical exam considering a broad differential for the 
presenting chief complaint.

•	 It	is	important	to	consider	all	components	of	a	patient’s	status	including	
social history and performance status as well as special considerations 
for certain populations including children and the elderly.

•	 A	dipstick	urine	test	alone	is	inadequate	for	the	diagnosis	of	
microscopic hematuria. AMH must be demonstrated by 3 RBC/
HPF on microscopic examination.

•	 Urine	cytology	is	not	recommended	during	initial	workup	for	
AMH, however it is specific for high-grade UCC.

•	 A	CT	urogram	is	sensitive	and	specific	for	upper	tract	urothelial	
cell carcinoma and is a study used during workup of hematuria.

•	 A	CT	noncontrast	study	of	the	abdomen	and	pelvis	is	key	for	eval-
uating urolithiasis with the exception of indinavir stones.

•	 For	a	renal	mass	on	MRI,	the	most	important	characteristic	indicat-
ing malignancy is enhancement.

Molecular imaging for urologic malignancies is most often performed 
using the PET radiotracer 2-deoxy-2-[18 F]fluoro-D-glucose (18 F-FDG).
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