Handbook of Urology
Diagnosis and Therapy

Third Edition






Handbook of Urology
Diagnosis and Therapy

Third Edition

Editors

Mike B. Siroky, M.D.

Professor of Urology, Boston University School of
Medicine; Chief of Urology, Veterans Affairs Medical
Center, Boston, Massachusetts

Robert D. Oates, M.D.

Professor of Urology, Boston University School of
Medicine; Attending Urologist, Boston Medical Center,
Boston, Massachusetts

Richard K. Babayan, M.D.

Professor and Chairman of Urology, Boston University
School of Medicine; Attending Urologist, Boston
Medical Center, Boston, Massachusetts

e“"é LIPPINCOTT WILLIAMS & WILKINS

A Wolters Kluwer Company

Philadelphia « Baltimore « New York « London
Buenos Aires « Hong Kong « Sydney « Tokyo



Acquisitions Editor: Brian Brown
Developmental Editor: Michelle M. LaPlante
Production Editor: Thomas Boyce
Manufacturing Manager: Colin Warnock
Cover Designer: Christine Jenny
Compositor: Circle Graphics

Printer: R.R. Donnelley—Crawfordsville

© 2004 by LIPPINCOTT WILLIAMS & WILKINS
530 Walnut Street

Philadelphia, PA 19106 USA

LWW.com

All rights reserved. This book is protected by copyright. No part of this book
may be reproduced in any form or by any means, including photocopying, or
utilized by any information storage and retrieval system without written
permission from the copyright owner, except for brief quotations embodied in
critical articles and reviews. Materials appearing in this book prepared by
individuals as part of their official duties as U.S. government employees are
not covered by the above-mentioned copyright.

Printed in the USA

Library of Congress Cataloging-in-Publication Data

Handbook of urology : diagnosis and therapy / editors, Mike B. Siroky,
Robert D. Oates, Richard K. Babayan.--3rd ed.
p.;cm.

Rev. ed. of: Manual of urology. 2nd ed. ¢1999.

Includes bibliographical references and index.

ISBN 13: 978-0-7817-4221-4

ISBN 10: 0-7817-4221-8

1. Urology--Handbooks, manuals, etc. I. Siroky, Mike B.

(Mike Benjamin), 1946- II. Oates, Robert D. III. Babayan, Richard K.

IV. Manual of urology.

[DNLM: 1. Urologic Diseases--diagnosis--Handbooks. 2. Urologic
Diseases--therapy--Handbooks. 3. Genital Diseases, Male--diagnosis--
Handbooks. 4. Genital Diseases, Male--therapy--Handbooks.

WJ 39 H2363 2004]
RC872.9.M36 2004
616.6--dc22
2003065995

Care has been taken to confirm the accuracy of the information presented and
to describe generally accepted practices. However, the authors, editors, and
publisher are not responsible for errors or omissions or for any consequences
from application of the information in this book and make no warranty,
expressed or implied, with respect to the currency, completeness, or accuracy of
the contents of the publication. Application of this information in a particular
situation remains the professional responsibility of the practitioner.

The authors, editors, and publisher have exerted every effort to ensure that
drug selection and dosage set forth in this text are in accordance with current
recommendations and practice at the time of publication. However, in view of
ongoing research, changes in government regulations, and the constant flow of
information relating to drug therapy and drug reactions, the reader is urged to
check the package insert for each drug for any change in indications and
dosage and for added warnings and precautions. This is particularly important
when the recommended agent is a new or infrequently employed drug.

Some drugs and medical devices presented in this publication have Food
and Drug Administration (FDA) clearance for limited use in restricted
research settings. It is the responsibility of the health care provider to
ascertain the FDA status of each drug or device planned for use in their
clinical practice.

10987654



To the memory of

Robert J. Krane, M.D.
January 15, 1943-November 17, 2001

Former Chairman of the Department of
Urology at Boston University

A colleague, a friend, and a mentor to us all






Contents

Contributing Authors ............................. ix
Preface ... ..o xi
1. The Abnormal Urinalysis. ..................... 1

Luke M. O’Connell and Mike B. Siroky

2. Imaging of the Genitourinary Tract ............. 16
Charles Hyde and Rebecca K. Schwartz

3. Radionuclide Imaging. . ....................... 30
Rachel A. Powsner and Dean J. Rodman

4. Evaluation of Renal Mass Lesions .............. 51
Juan P. Litvak and Robert D. Oates

5. Instrumentation of the Lower Urinary Tract. . . ... 63
C. Charles Wen and Richard K. Babayan

6. Upper Tract Instrumentation
and Visualization .............. ... .. .. ... .. 79
Luke M. O’Connell and Richard K. Babayan

7. Urodynamic Studies................cocvunn... 87
C. Charles Wen and Mike B. Siroky

8. Lower Urinary Tract Symptoms ................ 98
Peter A. Zeman, Mike B. Siroky,
and Richard K. Babayan

9. Urinary Incontinence . ........................ 122
Elise De and Tracey Wilson

10. Male Sexual Dysfunction...................... 143
Ronald E. Anglade, Ricardo M. Munnariz,
and Irwin Goldstein

11. Genitourinary Trauma and Emergencies. ........ 164
Meir Daller and Gennaro Carpinito

12. Endoscopic Surgery of the Lower Urinary Tract
and Laparoscopy.........oviiiiiiiii. 188
C. Charles Wen, Juan P. Litvak,
and Richard K. Babayan

13. Genitourinary Infection....................... 206
Joseph Alukal, Julita Mir, and Colm Bergin

14. Urinary Calculi and Endourology .. ............. 232

Ronald E. Anglade, David S. Wang,
and Richard K. Babayan

vii



viii  Contents

15. Neoplasms of the Genitourinary Tract........... 249
Andrew Kramer and Mike B. Siroky

16. Medical Management of
Genitourinary Malignancy. .. .................. 300
Ignacio F. San Francisco and Ken Zaner

17. Radiation: External Beam and Brachytherapy . . .. 328
Anthony L. Zietman

18. Neurourology. ..........couiriiiininnanennan. 341
C. Charles Wen and Mike B. Siroky

19. PediatricUrology ...........ccviiiiininan .. 355
Elise De and Stuart B. Bauer

20. Male Reproductive Dysfunction ................ 380
Ronald E. Anglade and Robert D. Oates

21. Priapism .......... ... 407
Meir Daller, Ricardo M. Munnariz,
and Irwin Goldstein

22. Sexually Transmitted Diseases................. 414
Khalid Badwan and Mike B. Siroky

23. Surgical Disorders of the Adrenal Gland . ... ..... 426
Meir Daller and Mike B. Siroky

24. Fluid and Electrolyte Disorders ................ 441
Peter A. Zeman and Mike B. Siroky

25. Renal Failure, Dialysis, and
Renal Transplantation........................ 457
Ricardo M. Munnariz, Andrew Kramer,
and Gennaro Carpinito

26. Perioperative Care of the Patient . .............. 491
Rie Aihara

Appendix I. American Urological Association
Symptom ScoreIndex . ............. ... .. ... .. ..., 508

Appendix II. Modified Partin Table for
Predicting Pathological Stage in
Prostate Cancer........... .. ... ... 510

Subject Index .......... ... ... .. 511



Contributing Authors

Rie Aihara, M.D. Assistant Professor of Surgery, Boston
University School of Medicine, Department of Surgery/
Division of Trauma and Critical Care, Boston, Massachusetts

Joseph Alukal, M.D. Resident, Department of Urology,
Boston University Medical Center, Boston, Massachusetts

Ronald E. Anglade, M.D. Chief Resident and Fellow,
Department of Urology, Boston University Medical Center,
Boston, Massachusetts

Richard K. Babayan, M.D. Professor and Chairman of
Urology, Boston University School of Medicine; Attending
Urologist, Boston Medical Center, Boston, Massachusetts

Khalid Badwan, M.D. Resident, Department of Urology,
Boston University Medical Center, Boston, Massachusetts

Stuart B. Bauer, M.D. Associate Professor of Surgery
(Urology), Harvard Medical School, Senior Associate in
Surgery, Department of Urology, The Children’s Hospital,
Boston, Massachusetts

Colm Bergin, M.D. Fellow in Infectious Disease, Boston
Medical Center, Boston, Massachusetts

Gennaro Carpinito, M.D. Associate Professor, Department
of Urology, Boston University School of Medicine; Attending
Urologist, Boston Medical Center, Boston, Massachusetts

Meir Daller, M.D. Chief Resident, Department of Urology,
Boston University Medical Center, Boston, Massachusetts

Elise De, M.D. Chief Resident, Department of Urology, Boston
University Medical Center, Boston, Massachusetts

Irwin Goldstein, M.D. Professor of Urology, Boston
University School of Medicine; Attending Physician in
Urology, Boston Medical Center, Boston, Massachusetts

Charles Hyde, M.D. Assistant Professor of Radiology, Boston
University School of Medicine; Chief, Ultrasound Section,
Veterans Affairs Medical Center, Boston, Massachusetts

Andrew Kramer, M.D. Chief Resident, Department of Urology,
Boston University Medical Center, Boston, Massachusetts

Juan P. Litvak, M.D. Chief Resident, Department of Urology,
Boston University Medical Center, Boston, Massachusetts

Julita Mir, M.D. Clinical Instructor in Medicine, Boston
University School of Medicine, Boston, Massachusetts

ix



x Contributing Authors

Ricardo M. Munnariz, M.D. Assistant Professor of Urology,
Boston University School of Medicine, Boston Medical Center,
Boston, Massachusetts

Luke M. O’Connell, M.D. Chief Resident, Department of
Urology, Boston University Medical Center, Boston,
Massachusetts

Robert D. Oates, M.D. Professor of Urology, Boston
University School of Medicine; Attending Urologist, Boston
Medical Center, Boston, Massachusetts

Rachel A. Powsner, M.D. Associate Professor of Radiology,
Boston University School of Medicine; Staff Physician,
Department of Radiology, Boston Medical Center, Boston,
Massachusetts

Dean J. Rodman, M.D. Senior Attending Physician,
Department of Nuclear Medicine, Sibley Memorial Hospital,
Washington, D.C.

Ignacio F. San Francisco, M.D. Fellow, Department of
Urology, Beth Israel Medical Center, Brookline, Massachusetts

Rebecca K. Schwartz, M.D. Instructor in Radiology,
Boston University School of Medicine; Section Head,
Computed Tomographic Imaging, Veterans Affairs Medical
Center, Boston, Massachusetts

Mike B. Siroky, M.D. Professor of Urology, Boston University
School of Medicine, Chief of Urology, Veterans Affairs Medical
Center, Boston, Massachusetts

David S. Wang, M.D. Assistant Professor of Urology, Boston
University School of Medicine; Attending Physician, Boston
Medical Center, Boston, Massachusetts

C. Charles Wen, M.D. Resident, Department of Urology,
Boston University Medical Center, Boston, Massachusetts

Tracey Wilson, M.D. Assistant Professor of Urology, Boston
University School of Medicine; Attending Physician, Boston
Medical Center, Boston, Massachusetts

Ken Zaner, M.D., Ph.D. Boston Medical Center,
Hematology | Oncology, Boston, Massachusetts

Peter A. Zeman, M.D. Resident, Department of Urology,
Boston University Medical Center, Boston, Massachusetts

Anthony L. Zietman, M.D. Associate Professor of Radiation
Oncology, Harvard Medical School; Associate Radiation
Oncologist, Massachusetts General Hospital, Boston,
Massachusetts



Preface

The purpose of the third edition of the Handbook of Urology: Diag-
nosis and Therapy remains to serve as a daily companion to the
house officer and medical student responsible for the surgical care
of the urology patient. The emphasis of the book remains the diag-
nosis and therapy of urological disorders. Open surgical procedures
are not described in great detail but endoscopic, medical and diag-
nostic procedures are well described. Most chapters were written
by current and past residents and trainees associated with the
Boston University Training Program in Urology, with input and
advice from the faculty.

Although the third edition remains true to its original purpose,
it represents a complete revision of the second edition published
in 1999. We have added new chapters on upper urinary tract in-
strumentation and laparoscopy. Advances in understanding pri-
apism have warranted a separate chapter for this entity. A new
chapter on perioperative care has been added to reflect the cur-
rent practice of risk assessment prior to surgery. The chapter on
incontinence was completely re-written to reflect current under-
standing in this area. In the other chapters, emphasis was placed
on detailing new diagnostic techniques and describing emerging
therapies. For example, the role of thermotherapy in treating
prostatic obstruction is given more emphasis, as is the use of laser
energy to treat urinary calculi.

The second edition was well received in North America and
abroad. We hope that medical students, residents and fellows find
the third edition equally useful in the day-to-day care of urologic
patients. We are extremely grateful to our contributing authors
for their superb effort in completing this work. We also wish to
thank everyone associated with Lippincott Williams & Wilkins
for their support, in particular Michelle M. LaPlante.

Mike B. Siroky, M.D.
Robert D. Oates, M.D.
Richard K. Babayan, M.D.
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The Abnormal Urinalysis

Luke M. O’Connell and Mike B. Siroky

I. Collection of the urine specimen should be carried out
in the clinic or hospital rather than at home. Urine that is not
freshly voided or has been collected from a urine drainage bag is
unreliable for urinalysis.

A. Male adults. The clean-catch midstream method is most

reliable in adult males. In uncircumcised patients, the foreskin

must be retracted and the meatus cleansed with an antiseptic
solution such as povidone—iodine, benzalkonium chloride, or
hexachlorophene. The first 30 mL is passed without collection.

The sterile specimen container is then placed into the urinary

stream, and approximately 50 to 100 mL is collected. The spec-

imen container is capped immediately, and the urinalysis is per-
formed as soon as possible after collection. The portion not used
for urinalysis may be used for culture, if indicated.

B. Female adults. The midstream clean-catch technique in

female patients requires more effort and attention to detail than

in males. In females, collection is usually done by the patient sit-
ting on the toilet. After the labia are separated with one hand,
an antiseptic solution is applied to cleanse the perimeatal area.

A wiping motion toward the perineum is used. After the first

25 mL is passed, the next 50 to 100 mL is collected in a sterile

specimen container. If a satisfactory specimen cannot be ob-

tained, catheterization should be used.

C. Children. In very young patients, urine is usually obtained

by cleansing the meatus with an antiseptic solution and placing

a sterile plastic bag over the penis or vulva. Suprapubic needle

aspiration of the bladder may be required to obtain a reliable

urine specimen, and this is easily accomplished in young children
because the bladder is located in a more intraabdominal position
than in adults.

II. Physical characteristics of the urine

A. Color. The normal yellow color of urine is caused by various

amounts of urochrome, a product of hemoglobin degradation.

The most important color abnormality is red or reddish brown

urine, suggesting the presence of erythrocytes, hemoglobin,

myoglobin, or pigments derived from medications or other sub-

stances (Table 1.1).

B. Turbidity or nontransparency of the urine may be a

consequence of phosphaturia, pyuria, chyluria, or bacteriuria.

It is important not to confuse turbidity with pyuria.

C. Specific gravity and osmolality are closely related mea-

sures of urine concentration. Specific gravity varies from 1.000

to 1.040, whereas osmolality varies from 50 to 1,200 mOsm/L.

Presence of radiologic contrast media or heavy proteins may

raise the specific gravity but not the osmolality of urine. Dilute

urine may be seen in diabetes insipidus, diabetes mellitus,
chronic renal failure, and polydipsia. Excessively concentrated
urine may occur in dehydration and congestive heart failure.
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Table 1.1. Common causes of discolored urine

Red or red-brown
Erythrocyturia
Hemoglobinuria
Myoglobinuria
Porphyruria
Natural food pigments (beets, berries)
Food coloring (rhodamine B)
Drugs
Phenothiazines
Phenazopyridine
Laxatives (phenolphthalein, senna)
Adriamycin
Rifampin
Phenytoin

Amber or dark yellow
Bilirubin
Foods (carrots, riboflavin, vitamin A)
Drugs
Sulfonamides
Chloroquine
Phenacetin

Orange
Phenazopyridine
Laxatives containing phenolphthalein
Rifampin
Sulfasalazine

Blue or green
Pseudomonas infection
Drugs

Amitriptyline
Indomethacin
Promethazine
Triamterene

III. Chemical characteristics of urine may be tested by

means of reagent dipsticks and include pH, urine nitrite, leukocyte

esterase, glucose, protein, and blood.
A. The pH is a measure of renal acidifying ability and of re-
actions occurring in the urine after it is produced by the kidney.
Alkaline urine (pH > 6.5) is seen in renal tubular acidosis as
well as in specimens obtained within 2 hours of a large meal or
left standing at room temperature for several hours. Patients
with infections caused by urea-splitting organisms (Proteus sp,
some Escherichia coli) tend to have particularly alkaline urine.
Ingestion of bicarbonate as well as some diuretics (acetazo-
lamide) may produce an alkaline urine. Acid urine (pH < 6.0)
is seen in respiratory acidosis, starvation, loss of alkali due to
diarrhea, and ingestion of acidifying agents such as ammonium
chloride.
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B. Bacteriuria is detected by measuring urine nitrite levels.
Many common intestinal bacteria contain nitrate reductase, an
enzyme that converts urine nitrate to nitrite when exposed to
urine for a minimum of 4 hours. Thus, best results are obtained
on first-voided morning urine specimens. The test may produce
a false negative if the patient is voiding frequently, if the bac-
teria do not contain nitrate reductase, or if the urine contains
low levels of nitrate or has a high specific gravity. The presence
of ascorbic acid in the urine may also produce a false-negative
nitrite reaction. False-positive readings for urinary nitrite may
occur in the presence of hematuria.

C. Leukocytes may be detected by measuring leukocyte es-
terase, an enzyme released when white cells lyse. A positive test
result indicates the presence of six leukocytes per high-power
field or more. False-negative tests can occur in the presence of
heavy proteinuria, glycosuria, high specific gravity, blood, tetra-
cycline, cephalexin, gentamicin, phenazopyridine, ascorbic acid,
or nitrofurantoin in the urine. Low specific gravity, oxalic acid,
or traces of oxidizing agents may cause false positives.

D. Glucose is spilled in the urine when the serum glucose
level is 180 mg/dL or higher. Glycosuria may occur during preg-
nancy even with normal serum glucose levels. False-positive re-
sults may occur in the presence of aspirin and cephalosporins.
Sensitivity may decrease with urine of high specific gravity
(>1,030) and with high ascorbic acid concentrations.

E. Protein excretion is estimated by measuring urinary albu-
min levels. The dipstick reaction is positive at albumin concen-
trations of 30 mg/dL or higher. The degree of proteinuria may be
overestimated if the urine is extremely concentrated. Normal
urine of high specific gravity may cause higher than normal
readings, as will alkaline urine (pH > 9) and urine containing
chlorhexidine.

F. Blood. The dipstick reagent reacts to hemoglobin (in red
cells and free) as well as myoglobin. Thus, the reagent strip re-
action is not specific for red cells. In general, more than three to
five red cells per high-power field will produce a positive reagent
strip reaction. A false-positive test result may be caused by con-
tamination with povidone—iodine. Ascorbic acid in the urine
may interfere with the reagent strip reaction and give a false-
negative result for hemoglobin. Microscopic examination of the
urine can easily differentiate true erythrocyturia from other
causes of positive reagent strip reactions (Table 1.2).

IV. Microscopic examination is performed after centrifug-
ing 10 mL of urine at 2,000 rev/min for 5 minutes, discarding the

Table 1.2. Differentiating the causes of red-colored urine

Cause Dipstick Result Microscopic Result
Erythrocyturia Positive Positive
Myoglobinuria Positive Negative
Hemoglobinuria Positive Negative

Pigmenturia Negative Negative
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Fig.1.1. Most common findings on microscopic examination of
the urine.

supernatant, resuspending the sediment, and placing a drop of
sediment on a glass slide for microscopy under both low- and high-
power lenses (Fig. 1.1).

A. Red blood cells are easily seen under the high-power
(x400) lens of the microscope. Microscopic hematuria is usually
quantified as the number of red blood cells per high-power field.
The finding of five or more red blood cells per high-power field is
abnormal. Red blood cell casts (Fig. 1.1) are cylindrical clumps
of red cells in the shape of the renal tubules or collecting ducts
and are indicative of a renal source. Dysmorphic red cells are
also highly suggestive of a glomerular source of hematuria.

B. White blood cells in the urine are indicative of inflam-
mation anywhere along the genitourinary tract or even con-
tiguous with genitourinary organs. More than five white blood
cells per high-power field should be considered abnormal.
White cell casts (Fig. 1.1) indicate a renal source. Leukocytes
are often present in the urine without bacteriuria. The persis-
tent presence of “sterile” pyuria suggests the possibility of gen-
itourinary tuberculosis.

C. Other cells that may be seen include squamous epithelial
cells shed from the vagina and renal tubular cells.
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D. Crystals are commonly seen on urine microscopy and
are not pathologic as an isolated finding (Fig. 1.1). Calcium
oxalate crystals look like small pyramids or squares and are
seen in patients with calcium oxalate calculi or chronic in-
flammatory bowel disease. Uric acid crystals appear in acidic
urine as small rectangular or rhomboid-shaped flat plates. So-
called triple-phosphate or struvite crystals are composed of
magnesium—ammonium phosphate and look like domed rec-
tangles or coffin lids. These crystals precipitate only in urine
that has a pH above 8. Such high pH levels generally occur
only with infection caused by urea-splitting organisms. Cystine
crystals occur in cystinuria when the urine pH falls below 7. The
crystals appear as small plates with five or six sides, similar to

a stop sign.

E. Bacteria and other organisms include gram-negative

and gram-positive bacteria, yeast, trichomonads, and Schisto-

soma sp. Spermatozoa are commonly seen in male urine.

F. Artifacts include starch granules from gloves, hair, and

clothing fibers. The finding of food particles or stool indicates

the presence of an enteric—urinary fistula.
V. Hematuria

The finding of hematuria is one of the most common and most
important signs of disease in urology. The causes of hematuria
range from benign (exercise related) to malignant (bladder carci-
noma) (Table 1.3). Because the degree of hematuria bears no rela-
tion to the seriousness of the underlying cause, hematuria should
always be considered a symptom of serious disease until proved
otherwise. Hematuria is usually categorized as gross (visible to
the unaided eye) or microscopic (more than three red cells per
high-power microscopic field on two of three properly collected
specimens). Hematuria may be further characterized as initial,
terminal, or total. Initial hematuria is said to indicate a source dis-
tal to the external sphincter, terminal hematuria has a source in
the proximal urethra or bladder neck, and total hematuria has a
source in the bladder or upper tract. Needless to say, the source of
hematuria cannot be determined accurately from the history alone.
False hematuria is discoloration of the urine from pigments such
as food coloring and myoglobin. Factitious hematuria is the
presence of red blood cells in the urine from a source outside the
urinary tract (e.g., malingering). Patients attempting to obtain
narcotic drugs often present with a history of renal colic substan-
tiated by factitious hematuria. They may add blood to their urine
after voiding and before presenting it for urinalysis.

Some causes of hematuria are summarized in Table 1.3. Be-
cause of the large number of diseases that may cause hematuria,
it is helpful to categorize them as glomerular, renal, urologic, and
hematologic. Approximately 10% to 20% of patients presenting
with microscopic hematuria will have no source of bleeding iden-
tified (idiopathic hematuria) even after exhaustive evaluation.
Among patients with an identifiable cause, about one-third are of
renal origin and two-thirds are caused by middle or lower urinary
tract lesions. The bladder is the source in 40% of patients with
gross hematuria. Overall, about 2.5% of patients with microscopic
hematuria will be found to have a urologic malignancy; however,
the risk increases rapidly with aging (Fig. 1.2) and in certain
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Table 1.3. Some important causes of hematuria

Glomerular
Acute glomerulonephritis
Lupus nephritis
Benign familial hematuria
Benign essential hematuria (Berger’s disease)
Goodpasture’s syndrome
Exercise hematuria

Renal
Polycystic kidney disease
Medullary sponge kidney
Papillary necrosis
Renal infarction or embolus
Lymphoma
Multiple myeloma
Amyloidosis
Inflammation and infection
Vascular malformations

Urologic
Neoplasms
Calculi
Benign prostatic hypertrophy
Urethral stricture
Endometriosis
Diverticulitis, appendicitis
Abdominal aortic aneurysm
Foreign body
Infection

Hematologic
Congenital and acquired coagulopathies
Therapeutic anticoagulation
Sickle cell disease and trait
Sickle cell thalassemia
Sickle cell-hemoglobin C disease

Factitious

Vaginal bleeding

False hematuria
Food pigments
Drug metabolites

groups such as smokers and those who work with certain indus-
trial chemicals (e.g., aniline dyes). Women under the age of 40 and
nonsmokers are at lower risk.

The age, sex, and race of the patient are important indicators of
the likely cause. In children, one should consider acute glomeru-
lonephritis, urinary infection, and Wilms’ kidney tumor. In men
older than 60, bladder carcinoma and benign prostatic hyperplasia
(BPH) are the most common causes of hematuria. In young female
patients, cystitis is the most common cause. Hematuria is the most
common presenting complaint of patients with sickle cell trait. This
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hematologic disorder accounts for approximately one-third of in-
stances of hematuria in blacks.
A. Diagnosis of hematuria. When a patient presents with
hematuria or a screening urinalysis shows a positive result for
blood, the initial step is to establish the presence of red blood cells
in the voided urine. This may not always be straightforward, as
red coloration of the urine may be caused by erythrocyturia, he-
moglobinuria, myoglobinuria, or pigmenturia (Table 1.1). Test
results with the commonly available dipstick reagent strips will
be positive in the presence of red cells, hemoglobin, or myoglobin,
and thus they are not specific for erythrocyturia (Table 1.2). Only
the microscopic examination can document the presence of red
cells in the urine.
1. Urine culture and sensitivity should be ordered to
rule out infection.
2. Screening imaging studies. Computed tomography
(CT) scan with intravenous contrast agent has become the ra-
diologic test of choice for the evaluation of both microscopic
and gross hematuria. CT has largely replaced the intravenous
pyelogram (IVP) for evaluation of the upper urinary tract. CT
is readily available and quickly performed. In addition to
imaging the genitourinary tract, it can also provide informa-
tion on other abdominal pathology that may be present. CT
has a higher sensitivity for stones (94% to 98%) than does IVP
(52% to 59%). In patients with a contrast allergy or renal in-
sufficiency who cannot tolerate contrast media, ultrasound
can be used as the screening test. Combined with urinary
cytology and retrograde ureterograms, ultrasound allows for
evaluation of the entire upper tract in such cases.
3. Cystourethroscopy is indicated in all instances of he-
maturia. It is helpful in some instances to perform cystoscopy
while the patient is bleeding to determine the site of bleeding.
Biopsy specimens should be taken from any suspected lesions
or areas. Retrograde pyelography, brush biopsy, or ureteros-
copy may be performed in conjunction with cystoscopy.
4. Ureteroscopy should be considered in instances of hema-
turia that can be localized to the upper urinary tract. A small
biopsy forceps or a brush can be used to obtain tissue from any
suspected areas.
5. Urinary cytology can be very helpful in diagnosing
urothelial malignancy. Cytologic results may be difficult to
read in the presence of large amounts of blood in the urine.
Urine cytology specimens from the upper tracts may be ob-
tained by ureteral catheterization and barbotage with saline
solution. The sensitivity of urine cytology is lower in low-grade
tumors and excellent in high-grade tumors and carcinoma
in situ.
6. Cancer-related proteins specific for genitourinary
malignancies have been developed in recent years. NMP-22
(Matritech) detects the nuclear matrix proteins shed during
cell turnover in papillary transitional cell carcinoma, includ-
ing carcinoma in situ. In patients with sterile urine, this test
has a sensitivity approaching 86%. However, the specificity
falls off dramatically in the presence of inflammation (i.e.,
stones or infection). The bladder tumor antigen test offers
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similar results and can be easily performed in the clinic or of-
fice in about 5 minutes. These tests may prove to be effective
in following patients with known prior bladder tumors, but
their usefulness as initial screening tests to replace cystos-
copy has not yet been proven.
B. Hematuria of obscure origin. In approximately 10% to
20% of patients with microscopic hematuria, no cause of hema-
turia can be identified even after extensive urologic evaluation.
The question then becomes how to follow these patients. Never
tell patients that there is “nothing wrong” or that their exami-
nation findings are “normal,” because an abnormality may turn
up on future examination. It should be explained that the long-
term significance of their persistent hematuria is unknown and
that close follow-up is required. If an episode of gross hematuria
develops, cystoscopy should be performed urgently in an at-
tempt to visualize the source of bleeding. If the bleeding can be
localized to one side, angiography or ureteroscopy should be con-
sidered. A careful drug history should be taken, with particular
attention to occasional use of aspirin and nonsteroidal anal-
gesics, which can induce coagulopathy. As long as microscopic
hematuria persists, the patient must be followed by urinalysis
and urinary cytology every 6 months. If cytology becomes ab-
normal, irritative voiding symptoms develop in the absence of
infection, or gross hematuria occurs, then a full evaluation
should be repeated, including cystoscopy and imaging.
C. Renal causes of hematuria are characterized by red cell
casts, dysmorphic red cells, and presence of >500 mg of protein
in the urine/24 h.
1. Nephropathy and nephritis. In children, glomeru-
lonephritis accounts for about one-half of instances of hema-
turia. Most of the glomerulopathies cause hematuria and
usually proteinuria as well. Proteinuria of significant degree
(more than 2+) is very suggestive of glomerular disease, as is
the presence of casts of red cells.
a. Acute poststreptococcal glomerulonephritis oc-
curs when circulating antibody—antigen complexes are
trapped in the glomeruli. This type of glomerulonephritis
occurs most commonly in children aged 3 to 10 years follow-
ing streptococcal pharyngitis or impetigo. Approximately
2 weeks after the initial infection, the patient usually pre-
sents with fever, headache, and mild hypertension. Uri-
nalysis reveals erythrocyturia, mild proteinuria, and casts.
Frequently, serum antistreptolysin-O titers are elevated
and total serum complement levels are decreased. More
than 95% of instances resolve spontaneously; serious renal
insufficiency may develop in 58%.
b. Benign essential hematuria (Berger’s disease) is a
form of acute focal glomerulonephritis seen predominantly
in male patients between the ages of 12 and 55 (mean age at
presentation 25 years). This disorder, which is associated
with the deposition of immunoglobulin (Ig) A and occasion-
ally IgG in the glomerular mesangium, is also called IgA
nephropathy. Typically, the patient presents within 1 to
3 days after an acute upper respiratory infection or other
viral illness with a presenting complaint of gross hematuria
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(45%), incidentally discovered microscopic hematuria (30%),
or proteinuria (20%). Almost all patients have proteinuria in
excess of 0.5 g/day. Patients with Berger’s disease tend to
suffer recurrent episodes of gross hematuria with repeated
viral infections and show persistent microscopic hematuria
(often with casts of red cells) between relapses. Unlike the
urine specimens of family members of patients with benign
familial hematuria, the urine specimens of family members
in this case are normal. Although most patients suffer no
loss of renal function, in approximately 25%, a slowly pro-
gressive renal failure associated with hypertension develops
over a period of years. No specific treatment is available for
this disorder.
c. Benign familial hematuria. Between 25% and 50%
of children investigated for idiopathic hematuria are found
to have family members with microscopic hematuria. The
disorder may affect patients of any age (mean age 32 years),
has a two-to-one female predominance, and is inherited as
an autosomal dominant trait. The only means of making
this diagnosis is by obtaining a urinalysis from the siblings
and parents of patients found to have idiopathic hematuria.
Proteinuria may be found in approximately 50% of patients;
however, this condition, unlike Berger’s disease, is usually
associated with a minimal degree of proteinuria. The con-
dition appears to have no long-term implications of renal
disease.
d. Alport’s syndrome, also called progressive familial
nephropathy, is characterized by familial renal failure and
deafness. The disease predominantly affects younger male
patients (mean age 13 years). Hematuria occurs in about
one-third of patients, and significant proteinuria is very
common.
e. Goodpasture’s syndrome is characterized by hemop-
tysis, malaise, headache, and hematuria. The urine shows
gross or microscopic hematuria, and renal function is ab-
normal. The disorder is thought to be caused by the deposi-
tion of antibodies against glomerular basement membrane
in glomeruli and in the lung. Treatment involves high-dose
corticosteroids and immunosuppressive agents.
2. Exercise. Hematuria accompanied by proteinuria and
casts of red cells in the urinary sediment may occur after
strenuous exercise such as swimming, running, and team
sports. All patients should be questioned regarding exercise
when the history is taken. Even if exercise is temporally re-
lated to the onset of hematuria, exercise hematuria remains
a diagnosis of exclusion after a complete workup has been
performed.
D. Sickle cell anemia. This congenital disorder is caused by
replacement of hemoglobin A with hemoglobin S, a less soluble
molecule that is prone to polymerization (sickling) when exposed
to low oxygen tension, low pH, or both. Patients with the homo-
zygous form (hemoglobin SS; sickle cell disease), encountered
rarely by urologic physicians, have severe anemia; intermittent
vascular crises involving the chest, abdomen, and skeleton; and
repeated infections (pneumococcal pneumonia, gram-negative
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osteomyelitis). There is no specific treatment, and these patients
usually do not survive past the age of 30. The heterozygous form
(hemoglobin SA, S-thalassemia, and SC; sickle cell trait) is
present in approximately 8% of African Americans and can occur
in white persons as well. Except for causing a mild renal tubular
concentrating defect, sickle cell trait is generally asymptomatic;
however, these patients are prone to episodes of hematuria of
renal origin. The bleeding is probably related to the hypoxic,
hypertonic, and acidotic conditions that prevail in the renal
medulla. With onset of the sickling phenomenon, arteriolar ob-
struction leads to papillary necrosis and hematuria. For reasons
not understood, bleeding occurs four times more often from the
left kidney than the right and is slightly more common in female
patients. In approximately 50% of instances, the patient will give
a past history of episodes of self-limited gross hematuria.
1. Diagnosis is easily accomplished by the sickle cell prepa-
ration. If the result of this test is negative and sickle cell trait
is still suspected, hemoglobin electrophoresis should be or-
dered; however, the presence of sickle cell trait in a black pa-
tient does not establish this as the sole cause of bleeding. In
one series, approximately 30% of patients with sickle trait
hematuria were found to have infection or malignancy as a
cause of bleeding. Thus, one must guard against ascribing all
hematuria in black patients to the presence of sickle cell trait
and carry out a complete urologic investigation, including ap-
propriate radiologic studies and cystoscopy. At the same time,
one must consider the possibility of sickle cell trait in white
patients with hematuria of obscure origin.
2. Treatment of sickle cell-associated hematuria involves
nonspecific measures in many instances because the hema-
turia often resolves spontaneously. Such measures include bed
rest, intravenous fluids, and oral or parenteral alkali therapy.
Oxygen by nasal cannula probably has little effect on the oxy-
gen tension in the renal medulla but is widely used never-
theless. For patients who do not respond to these measures,
specific modalities aimed at reducing the tonicity, acidity, and
low oxygen tension in the renal medulla have been described.
a. Infusion of distilled water (500 mL over 15 minutes
IV) is a safe procedure that reportedly can quickly termi-
nate an episode of hematuria caused by sickling. For rea-
sons that are not clear, the risk of producing intravascular
hemolysis in patients with hemoglobin S is minimal.
b. Urinary alkalinization has a sound physiologic basis
in this disorder. Two grams of sodium bicarbonate orally
four times daily or one ampule per 1,000 mL of intravenous
fluid should adequately alkalinize the urine.
c. Diuretics act to decrease the hypertonicity of the renal
medulla. Both loop diuretics (ethacrynic acid, furosemide)
and osmotic diuretics (mannitol, urea) are effective.
d. e-Aminocaproic acid (EACA) is a potent inhibitor of
urokinase, an enzyme that causes fibrinolysis in the urinary
tract. EACA prevents dissolution of clots in the urinary tract
and thus promotes hemostasis. For this reason, it has been
used widely in many forms of urologic hemorrhage, includ-
ing that caused by sickle hemoglobinopathies. The presence
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of disseminated intravascular coagulation must be ruled out
before EACA is used. EACA is equally effective orally or in-
travenously for bleeding caused by sickle cell trait. An ini-
tial dose of 5 g IV is followed by a continuous infusion of
1 g/h. Hematuria usually ceases within 2 to 3 days of initia-
tion of therapy. Maintenance therapy of 4 g PO four times
daily should be continued for at least 6 weeks. The major
side effect of EACA therapy has been ureteral obstruction
from clots.
e. Localirrigation with hemostatic agents such as oxy-
chlorosene or silver nitrate may be effective in difficult
cases. Irrigation through a ureteral catheter with 100 mL of
0.1% oxychlorosene or 1% silver nitrate has been reported to
stop bleeding quickly.
E. Hemorrhagic cystitis associated with cyclophosphamide,
ifosfamide, and radiation therapy may sometimes cause life-
threatening bladder hemorrhage. Radiation cystitis occurs in
approximately 10% of patients who have received pelvic radia-
tion, but only a small number experience severe bladder hem-
orrhage. Cyclophosphamide (Cytoxan) and ifosfamide are
alkylating agents whose toxic metabolite (acrolein) is excreted
in the urine. Gross hematuria occurs in about 12% of patients
receiving these agents and is dose dependent. In most in-
stances, the bleeding is self-limited (48 hours in duration),
and the patients require transfusion of only 2 units. MESNA
(2-mercaptoethanesulfonic acid) may provide prophylaxis
against hemorrhagic cystitis caused by ifosfamide. The dose is
20% of the ifosfamide dose intravenously and is given 4 to
8 hours after each chemotherapy infusion. The treatment of
hemorrhagic cystitis is as follows:
1. Cystoscopy under anesthesia (spinal or general) should
be performed if bleeding persists. All clots must be evacuated
and whatever bleeding can be identified cauterized.
2. One percent alum in sterile water is often effective.
Alum is an aluminum salt that causes precipitation of proteins
without systemic effects. Anesthesia is not required to admin-
ister intravesical alum, and it may be used at the bedside. The
solution is administered continuously through a large-caliber
three-way Foley catheter at a rate of 1 L/8 h.
3. EACA may be effective in controlling bladder hemor-
rhage. The presence of disseminated intravascular coagula-
tion must be ruled out before EACA is used. The drug is given
orally (loading dose of 5 g followed by 1 g/h for 8 hours), intra-
venously (loading dose of 5 g in 250 mL of diluent over the first
hour followed by 1 g/h over 8 hours), or intravesically (5 g in
1 L of saline solution for bladder irrigation infused over 3 to
4 hours).
4. Silver nitrate induces thrombosis in bleeding vessels in
the bladder mucosa but is milder than formalin. Under gen-
eral or spinal anesthesia, 200 mL of 1% silver nitrate solu-
tion is placed in the bladder through a urethral catheter and
drained after 15 minutes. The bladder is continuously irri-
gated with normal saline solution over the next 48 hours.
5. Formalin is a solution of gaseous formaldehyde in water.
Because the maximum solubility of formaldehyde in water is
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38%, such a solution is called 100% formalin. A 1% formalin
(0.38% formaldehyde) solution is recommended for bladder
irrigation; higher concentrations are likely to cause severe
bladder necrosis and fibrosis. The following protocol is recom-
mended:
a. Under anesthesia (general or spinal), all clots are
evacuated and a cystogram is obtained to assess the
integrity of the bladder and rule out vesicoureteral reflux.
Intravesical formalin is contraindicated in the presence of
reflux but may be used if occlusive ureteral catheters are
placed.
b. With the Foley catheter drawn tightly against the
bladder neck, 1% formalin is poured into the barrel of a
Toomy (catheter tip) syringe held 15 cm above the pubis
and allowed to run into the bladder by gravity drainage.
After 3 minutes, the bladder is drained completely by grav-
ity. The formalin irrigation may be repeated until a total of
1,000 mL of formalin solution has been used.
c. After formalin irrigation is completed, the bladder is
washed with 1,000 mL of distilled water.
6. Urinary diversion. If the measures described are not
successful, the patient should be returned to the cystoscopy
room under anesthesia (preferably epidural or spinal) for
placement of bilateral ureteral catheters or stents to divert
the urine. For reasons that are not clear, urinary diversion
has been observed to reduce or eliminate urinary bleeding.
Cutaneous ureterostomy should be considered if permanent
diversion is required.
F. Hematuria associated with anticoagulation. Hema-
turia occurs in 5% to 10% of patients receiving anticoagulation
with heparin or sodium warfarin despite the fact that the coag-
ulation levels are well within therapeutic range in most of these
patients. About 25% of such patients have urologic cancer diag-
nosed on investigation of their hematuria. An additional 50%
have benign urologic lesions causing hematuria, such as BPH,
urethral stricture, and ureteral calculus. Thus, the onset of
hematuria in a patient receiving anticoagulation has the same
(if not greater) significance as in another patient and mandates
a complete urologic evaluation.
G. Coagulopathies presenting as hematuria. Patients
with hematuria of obscure origin should be screened for the pres-
ence of a coagulopathy. The prothrombin time, partial thrombo-
plastin time (PTT), thrombin time, platelet count, and bleeding
time should be determined. If coagulopathy is suspected, hema-
tologic consultation is indicated. Although any coagulopathy
may present as hematuria, the most common problems are the
following:
1. Thrombocytopenia. In general, bleeding problems
are not encountered in patients with platelet counts above
50,000/uL. Decreased production of platelets in bone mar-
row may be drug induced (antineoplastic agents, thiazide
diuretics, estrogens, alcohol) or may be caused by replace-
ment by malignancy (prostate cancer). Increased peripheral
destruction of platelets occurs in idiopathic thrombocytopenic
purpura and in disseminated intravascular thrombosis. In



14 1. The Abnormal Urinalysis

instances of splenomegaly, platelets may be sequestered in
the spleen, causing peripheral thrombocytopenia (hyper-
splenism).

2. Hemophilia is caused by congenital deficiency of factor
VIII or factor IX. Deficiency of factor VIII is five times more
common than deficiency of factor IX. Although hemarthrosis
is the most common problem, approximately 30% of patients
with hemophilia have hematuria, which can be a severe prob-
lem, causing ureteral obstruction by clots. Both conditions
are treated by infusion of fresh frozen plasma or cryoprecip-
itate. Factor VIII and factor IX concentrates are reserved for
patients with severe hemophilia.

3. von Willebrand’s disease is a congenital deficiency of
factor VIII characterized by prolongation of PTT and bleed-
ing time with a normal platelet count. Spontaneous bleeding
is rarer than in hemophilia. Treatment is administration of
cryoprecipitate or fresh frozen plasma.

4. Disseminated intravascular coagulation may result
from sepsis, metastatic carcinoma (prostate, breast, gastro-
intestinal), liver disease, surgery, obstetric complications,
massive trauma, or burns. Laboratory diagnosis is based on
consumption of coagulation factors and platelets with elevated
titers of fibrin degradation products. Treatment is based on
correcting the underlying disorder and use of heparin in some
instances.

5. Primary fibrinolysis implies the destruction of fibrin in
the absence of underlying coagulation and is extremely rare.
It is said to occur in carcinoma of the prostate and during ex-
tracorporeal circulation. Treatment involves a combination
of EACA and heparin because there is frequently an accom-
panying thrombotic process. Fresh frozen plasma is used to
replace coagulation factors that have been consumed.
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Imaging of the
Genitourinary Tract

Charles Hyde and Rebecca K. Schwartz

An extensive array of modalities and procedures is available for
imaging of the genitourinary tract. Selection of the appropriate
modality depends on the clinical question at hand in addition to
considerations of patient safety, patient comfort, and cost. To make
a good choice, one needs a thorough understanding of the utility of
the various imaging modalities (Table 2.1). In our discussion, we
focus mainly on the technique and indications for urologic imaging.
Interpretation of these studies is beyond the scope of this chapter.

I. Plain abdominal radiograph
The frequently used acronym KUB (kidneys, ureters, and blad-
der) is a misnomer, as the plain abdominal radiograph does not
demonstrate the ureters and only rarely demonstrates the bladder.
It is only moderately useful to demonstrate the renal contours.
These can be assessed on technically optimal films, which hint at
abnormalities such as renal masses and abnormalities of renal size
or position.
A. Technique. No preparation is needed. A single supine view
is usually adequate; “upright” views, useful in evaluating the
bowel, are rarely useful in evaluating the genitourinary system.
B. Indications. The greatest utility of the abdominal radi-
ograph in urology is to evaluate for the presence and position of
calculi, catheters, and stents and to obtain a preliminary view
before performing other examinations. The plain radiograph of
the abdomen should, additionally, be routinely used to evaluate
abnormalities of the bones, including congenital, posttraumatic,
and postoperative changes and the presence of osteoblastic
metastases (typical of prostate carcinoma) and osteolytic metas-
tases (the majority of solid tumors). In addition, gas collections,
both normal (bowel) and abnormal (renal parenchyma, intra-
renal collecting system, bladder, etc.), should be routinely sought.
II. Ultrasound
Ultrasound (US) is very useful in evaluating the urinary tract.
Widely available, relatively inexpensive, and entailing no use of
radiation, US provides generally excellent visualization of the kid-
neys, intrarenal collecting systems, and bladder. US is used as an
initial screening examination of the urinary tract and has assumed
much of the role once played by intravenous urography (IVU) in
this regard. One significant drawback of US in comparison with
other modalities such as computed tomography (CT), magnetic
resonance imaging (MRI), and IVU is that no direct information is
obtained about renal function. US can also be of limited use in
obese patients or in patients with a very large amount of bowel gas.
US plays a lesser role in ureteral evaluation. Although US can
sometimes visualize a dilated proximal or distal ureter, most of the
ureter will be obscured by overlying bowel gas, and a nondilated
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ureter generally cannot be seen at all. The prostate is moderately
well seen on transabdominal US and is very well visualized on
transrectal US (TRUS). Another US examination frequently of in-
terest to the urologist is scrotal US.
A. Technique. No special preparation is required. Because
the kidneys are retroperitoneal, renal US, unlike general ab-
dominal US, does not require the patient to be fasting. Images
are obtained in longitudinal and transverse planes. Whenever
possible, the patient is imaged with a urine-distended bladder to
improve visualization of the bladder and prostate. The postvoid
residuum is calculated after the patient voids. A quick and use-
ful approximation of the bladder volume is the formula (height x
width x depth x 0.5); the same formula is used to calculate the
prostate weight in grams.

Because US examination is performed in real time, it is par-
ticularly useful for imaging children or patients who are un-
cooperative. With a portable machine, US examinations can be
performed at the patient’s bedside or in the operating room.

B. Indications. US is useful for general screening of the uri-
nary tract. It is the examination of choice in defining renal cysts
and in differentiating solid masses from cysts. It is particularly
useful for detecting renal masses, kidney size and contour, diag-
nosing and following hydronephrosis, and evaluating the blad-
der. It is a useful adjunct in demonstrating renal calculi. It is less
useful in evaluating lesions of the intrarenal collecting system,
perirenal spaces, adrenals, and ureters and in the setting of
trauma.

C. Renal transplant. US of renal transplants is a special
case. Because of the superficial location of a transplant and the
lack of interposition of bowel gas, visualization of the transplant
is usually excellent. Doppler tracings of the iliac artery, main
renal artery, and intralobar and arcuate arteries give excellent
insight in the evaluation of transplant failure and rejection and
are routinely performed (see Chapter 25).

D. Scrotal US is the single best radiologic method for evalu-
ating the scrotal contents, including the testicles and extrates-
ticular structures, and it is an invaluable part of the evaluation
of scrotal pathology. Testicular pathology (including masses
and inflammation), extratesticular pathology (including hydro-
celes), and epididymal pathology (including spermatoceles, epi-
didymal masses, and inflammatory conditions) are all routinely
imaged. In terms of technique, no preparation is needed. A high-
frequency (5- to 12-MHz) linear transducer is used to image the
scrotum directly.

E. TRUS. Transabdominal US of the prostate is generally lim-
ited to quantifying prostate size. A detailed image of the prostate
and periprostatic structures is obtained by prostate TRUS, in
which a high-frequency transducer is placed in the rectum. The
prostatic zones are usually well seen, prostatic pathology is
frequently identified, and the prostate size can be accurately
measured.

1. Indications for TRUS include an abnormality on digital

rectal examination, elevated prostate-specific antigen, or pre-

viously abnormal results of a prostate biopsy. It must be em-
phasized that TRUS is neither sensitive nor specific; a normal
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result on TRUS examination does not exclude prostate carci-
noma, and an abnormal examination result can be seen de-
spite the absence of significant pathology. One of the major
indications for TRUS is to guide a needle biopsy of the prostate.
Important but less frequently applied indications for TRUS
are examination of the seminal vesicles and ejaculatory ducts
in the evaluation of infertility and imaging of the prostate for
abscess. TRUS can also be used to diagnose or drain a prosta-
tic abscess.
2. Technique. The patient is given a Fleet enema and
is asked to void before the examination. We currently give
400 mg of gatifloxacin PO 1 hour before the biopsy and then
repeat the dose 12 and 24 hours after the biopsy. Some liter-
ature suggests that a single oral dose 30 to 60 minutes before
biopsy gives equally good results in low-risk populations
(nondiabetic, no history of urinary tract infections, age under
70). Biopsies are obtained with the patient in the left lateral
position, although the lithotomy position can also be used.
We obtain six segmental biopsy specimens with an 18-gauge
spring-loaded needle. The number of biopsies should be in-
creased to increase the sampling rate in glands larger than
50 g. If a focal abnormality is identified, one to three addi-
tional biopsy specimens should be obtained. Some bleeding—
usually self-limited—from the rectum or urethra is common
following the procedure. Complications (with approximate
incidence) include mild hematuria (60%), severe hematuria
(<1%), dysuria (5% to 10%), urinary tract infections (1% to
2%), urosepsis (0.1%), rectal bleeding (2%), rectal bleeding re-
quiring treatment (0.1%), hematospermia (10%), vasovagal
episode (1%), and prostatic infection (<0.5%). In summary,
we have a 1% incidence of bleeding significant enough to re-
quire observation and a <0.5% incidence of serious postbiopsy
infection.
II1. CT
CT, like US, has revolutionized the radiologic evaluation of the
genitourinary tract. CT allows the radiologist to assess directly
the morphology and function of the kidneys, the appearance of the
surrounding retroperitoneal soft tissues (lymph nodes, adrenals,
aorta, inferior vena cava), and the patency of vascular structures
(renal veins and arteries). In the pelvis, CT can evaluate the
bladder, prostate, and surrounding soft tissues and lymph nodes
as well as the ureters. CT is limited for the evaluation of the penis
and scrotum, and these structures are generally better assessed
by US or MRI.
A. Technique. CT examinations can be performed with or
without oral contrast medium and with or without intravenous
contrast medium. It is important that the specific indications—
the specific question to be answered—be discussed with the
radiologist before a CT is performed, as the technique used may
vary significantly.
The technique used must also vary with the capabilities of the
CT scanner. Until recently, most scanning was performed with
conventional axial CT, with stepped table movement between
tomographic slices. This imaging process is relatively slow, with
a scanning time of approximately 2 seconds and an interscan
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delay of 2 to 8 seconds. At least 1 minute is required to scan
through the kidneys. Problems with this method include mo-
tion artifacts, gaps in scanning, and limited ability to evaluate
the entire kidney in a uniform phase of enhancement. Partial
volume artifacts, a particular problem when small periph-
eral masses are evaluated, occur if the lesion being studied is
not in the center of the slice. The CT number calculated for any
tissue slice will be an average of the different types of tissue
included.

More recently, helical (spiral) scanning has replaced axial
scanning as the preferred method for many indications, includ-
ing the genitourinary tract. In helical scanning, the CT table
moves continuously, and images are continuously obtained.
Thus, an entire sequence is obtained in a single breath-hold. The
pitch is the ratio of table speed to collimation. At a pitch of 1:1,
an average kidney can typically be scanned at 5-mm collimation
in fewer than 30 seconds. Neither motion artifacts nor gaps are
a problem when patients are able to cooperate and hold their
breath. “Partial voluming” is minimized with images recon-
structed in the center of a lesion.

1. Intravenous contrast agent is routinely used for most

indications. Patients should fast for 4 hours before adminis-

tration of intravenous contrast to reduce the risk of emesis and
aspiration. After adequate intravenous access has been ob-
tained, approximately 100 mL of contrast material is given at
the rate of 2.0 to 4.0 mL/s, depending on the specific indication.
After contrast material is given, several phases of renal en-
hancement occur. Knowledge of these different phases allows
one to optimize the scanning protocols and interpret the find-
ings intelligently.
a. The angiographic phase occurs 15 to 40 seconds
after contrast injection begins. The number, location, and
patency of the renal arteries and the location and patency
of the renal veins can be assessed.
b. The cortical phase of renal enhancement normally
occurs between 25 and 80 seconds after the initial exposure
to contrast material. The renal cortex is maximally en-
hanced, and the corticomedullary differences are greatest.
Enhancement of the cortex is often uneven, and both the
sensitivity and the specificity for detecting renal lesions
are diminished.
c. The nephrographic phase usually begins 90 to
120 seconds after the injection of contrast medium and is
characterized by the homogeneous enhancement of the en-
tire renal parenchyma as a consequence of enhancement
of the medulla. It is in this phase that detection of renal
lesions, particularly smaller lesions, is greatest.
d. The excretory or urographic phase begins when con-
trast material is visualized in the collecting system, includ-
ing calyces, infundibula, and renal pelvis. This typically
begins 3 to 5 minutes after injection and persists for several
minutes. A nephrogram can be seen through much of the
excretory phase.
B. Protocols. We use the following CT protocols in our insti-
tution. Modified protocols may be used in different institutions.
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1. Renal/ureteral calculi. Helical CT scanning has re-
placed IVU as the primary imaging modality for the eval-
uation of renal colic. Helical scanning is performed with
5-mm collimation, reconstructed at 4-mm intervals, without
intravenous or oral contrast agent. Oral contrast should not
be used, as it may lead to difficulties in defining bowel di-
verticula and distinguishing the appendix from calculi.
Densities that may represent calculi are searched in the
kidneys and along the ureters. Repeat scanning with intra-
venous contrast and delayed images (10 minutes after in-
jection) can be performed if scanning without intravenous
contrast fails to demonstrate a calculus or if qualitative in-
formation about renal function is desired, particularly in a
patient with an identified renal or ureteral stone.

2. Renal masses. CT scanning to search for renal masses or
to evaluate suspected renal masses identified by other imag-
ing modalities should be performed initially without intra-
venous contrast. This is followed by a bolus of 100 to 120 mL
of intravenous contrast agent. Scanning of the kidneys should
begin approximately 100 seconds after initiating the contrast
injection to visualize the kidney in the nephrographic phase.
As some tumors are better seen in the urographic phase, scan-
ning should be repeated 5 to 10 minutes after contrast admin-
istration. With helical scanners that allow for rapid, repetitive
sequential imaging, an additional earlier scan is performed in
the angiographic phase to obtain more information about the
renal vasculature. With this protocol, invasion of the renal
vein and inferior vena cava can be assessed, and the number
and location of renal arteries can be shown. Additional imag-
ing of the abdomen and pelvis facilitates staging by determin-
ing lymph node spread and the presence of metastatic disease.
If a renal mass is identified, a chest CT is also recommended.
3. CT angiography of the kidneys. CT angiography is a
new technique developed to image the renal arteries and
veins without catheter angiography. Contrast agent is in-
jected through an antecubital vein, as in a routine enhanced
CT scan, but at a more rapid rate, typically 3 mL/s or more.
Scanning commences within 20 to 25 seconds. Delayed scan-
ning may be performed to obtain anatomic images of the kid-
neys. Two- and three-dimensional reconstructed images of the
renal vasculature demonstrate anomalies such as accessory
renal arteries and retroaortic or circumaortic renal veins and
pathologic entities such as renal artery stenoses, occlusions,
and aneurysms.

4. Renal infection. Generally, pyelonephritis is a clinical
diagnosis, and CT is used to define complications or response
to treatment in complex cases. Routine scanning of the kid-
neys without intravenous contrast can demonstrate renal en-
largement; diffuse, focal, or multifocal areas of low attenuation
(abscess or focal pyelonephritis); and perinephric inflamma-
tion or fluid collections. CT following intravenous administra-
tion of contrast also depicts all these abnormalities and can be
used if questions remain.

5. Bladder and ureters. Scanning of these structures must
be performed 5 to 10 minutes after contrast injection and can
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be supplemented by prone positioning and the Valsalva ma-
neuver. Helical scanning with 5-mm collimation, reconstructed
at 4-mm intervals, allows for two-dimensional reconstructions.
CT urography has allowed CT to replace IVU, in many cases,
for detection and exclusion of upper tract involvement by tran-
sitional cell carcinoma (TCCA). Ureteral obstruction and peri-
ureteric inflammation and masses can be demonstrated. US is
the preferred modality for evaluating the bladder, although CT
is preferred for visualizing the perivesical fat and pelvic lymph
nodes. Even in patients who cannot receive intravenous con-
trast medium, there may be intrinsic contrast between the
urine-filled ureter or bladder and its wall that will allow as-
sessment of wall thickness and contour as well as hydroureter.
IV. Excretory urogram, intravenous urogram, and intra-
venous pyelogram
The above three terms are used interchangeably, although we
prefer intravenous urogram (IVU). The first edition of this man-
ual noted that “the IVU is still the initial examination in most in-
stances for the evaluation of the genitourinary tract,” but we no
longer feel this is correct. Although there remains a role for IVU,
the IVU is no longer the cornerstone of urologic imaging. The IVU
is able to evaluate, to some degree, all aspects of the urinary tract—
kidney parenchyma, renal function, intrarenal collecting system,
ureters, and bladder; however, it is not the best means of evaluat-
ing any of these (Table 2.1).
A. Technique. The patient should preferably be fasting to
minimize emesis. Some radiologists routinely give a laxative.
The patient should not be excessively hydrated. The patient
should void immediately before the examination. There are
many acceptable protocols for obtaining images in an IVU. In
fact, as emphasized for many years, it is important to “tailor” the
urogram to attempt to answer the clinical questions raised. Nev-
ertheless, the following is the “standard” set of films obtained at
our institution, with the understanding that departures from
this protocol are common:

Scout abdomen and tomogram

Injection of contrast material by bolus intravenous injection
Tomograms at consecutive levels through the middle of the
kidney at 1, 2, and 3 minutes after injection

A 5-minute supine abdominal radiograph

Placement of abdominal compression

Ten-minute anteroposterior (AP) and bilateral 30-degree
posterior oblique coned views of the kidneys

Abdominal film after compression device released (“release
film”)

AP and oblique views of the bladder

AP postvoid bladder

An initial plain radiograph, called a scout film, is used to
check for excessive bowel gas and internal or external radiodense
objects, including contrast material in the gastrointestinal tract
(barium or contrast from recent CT) and to check radiographic
technique. A bolus injection gives superior images and is pre-
ferred. Drip infusion is used only when a bolus is impossible.
Contrast is given according to the guidelines in Table 2.2.

WX N ook W
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Table 2.2. Guidelines for contrast administration

Newborns 2.0-3.0 mL/kg
Children 1.0-2.0 mL/kg
Adults 1.0 mL/kg (up to 100 mL)

Tomograms, which we routinely perform, increase the ra-
diation exposure but also improve the visualization of the renal
parenchyma and collecting system, predominately by “separat-
ing” the kidneys from adjacent bowel gas.

Abdominal compression is performed by inflating a rubber
balloon over each side of the sacrum or at the pelvic brim, caus-
ing partial obstruction of the ureters. When properly performed,
it can significantly improve visualization of the intrarenal col-
lecting system and ureters. When improperly performed, it is
uncomfortable for the patient and worthless. Contraindications
for abdominal compression include recent abdominal surgery,
aortic aneurysm, and an acutely obstructed urinary tract. A re-
lease abdominal film obtained after the compression device has
been removed offers the best opportunity to visualize the ureters
by IVU. A prone view can occasionally be helpful, as can a film
with the patient upright.

Views of the bladder must be tailored depending on the indi-
cation for the IVU and can be partially or completely eliminated
if further evaluation of the bladder (e.g., by cystoscopy or US)
is planned or has already been performed. A complete evalua-
tion on IVU includes AP and oblique views of the filled bladder
and a postvoid image.

B. Indications. The current indications for IVU are for eval-
uation of the calyces and ureters, especially in cases of known
or suspected urothelial malignancy, for postoperative evalua-
tion of the ureter, and for detailed evaluation of the calyces,
ureteropelvic junction, and ureterovesical junction. Although
IVU can be used in the evaluation of calculi and hydronephro-
sis, it is no longer the initial test of choice for either of these
indications. Further, it no longer has a primary role in the eval-
uation of trauma, noncalculous hematuria, suspected renal ma-
lignancy, infections, renal failure, polycystic kidney disease,
hypertension, and prostate disorders. An absolute contraindi-
cation to performing an IVU is the inability of the patient to tol-
erate contrast material because of renal insufficiency or allergy
history.

C. Iodinated contrast material. The use of iodinated
contrast material is so important to the practice of urologic
imaging that a more detailed discussion of contrast agents
seems appropriate, including pharmacology, complications, and
the treatment and prevention of complications (Table 2.3).
Most radiographic contrast material can be classified into low-
osmolarity contrast material (LOCM) and high-osmolarity con-
trast material (HOCM). High-quality images can be obtained
with both HOCM and LOCM, with small differences in contrast
enhancement unlikely to be clinically important. LOCMs have
lower rates of all reactions, particularly acute reactions. Adverse
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Table 2.3. Characteristics of commonly
used radiographic contrast media

Osmolality
Generic Name Trade Name % Weight (mOsm/kg) Ionic
Meglumine Cystografin 30 600 Yes
diatrizoate
Meglumine Cysto-Conray 43 1,000 Yes
iothalamate
Sodium Hypaque 50 50 1,550 Yes
diatrizoate 50
Meglumine Hypaque 60 60 1,400-1,500 Yes
diatrizoate 60
Reno-M-60 — — — —
Conray 60 — — — —
Topamidol 128 Isovue 128 26 300 No
Tohexol 180 Omnipaque 180 39 450 No
Topromide 240 Ultravist 240 50 500 No
Iohexol 300 Omnipaque 30 65 700 No

reactions occurred in 12.7% of patients injected with HOCM and
3.1% of patients injected with LOCM. Severe reactions occurred
in 0.2% of HOCMs and 0.04% of LOCMs. Multiple studies con-
cluded that the risk of an adverse reaction is approximately
four to six times greater with HOCMs. The issue of whether
LOCM should be used for all patients versus selective use in
high-risk populations is largely a function of the differential
cost of LOCM to HOCM, reimbursement rates, and the cost of
treating contrast reactions. Many articles have discussed both
the economic and the safety issues. Despite the literature hav-
ing failed to consistently prove the cost effectiveness of the uni-
versal use of LOCMs, most hospitals have tended to convert to
universal use of LOCMs as the differential cost of contrast
material has fallen.
1. Systemic reactions to contrast material. The exact
pathogenesis of contrast reactions is unknown but include
effects from osmolality, chemotoxicity, and complement ac-
tivation. It is a consistent finding that systemic contrast
reactions are considerably more common following intra-
venous injections than intraarterial injections. Reactions to
contrast agents can be classified as idiosyncratic or nonidio-
syncratic, based on known or presumed cause. Idiosyncratic
reactions, also called anaphylactoid reactions, include re-
actions that resemble allergic reactions and are presumed to
be immunoglobulin E mediated. They can occur in anyone
and are not dose dependent. Typical reactions include nasal
congestion, urticaria, laryngeal edema, and bronchospasm.
Nonidiosyncratic reactions are believed to result from direct
chemotoxic effects (nausea, vomiting, cardiac arrhythmias,
depressed cardiac function) or from hyperosmolality (local



IV. Excretory Urogram 25

pain, vasomotor instability, vasovagal reaction). Nonidiosyn-
cratic reactions can occur in anyone, are more common in sick
or debilitated patients, and are relatively dose dependent.
2. Contrast-mediated nephrotoxicity. Contrast-medi-
ated nephrotoxicity is a significant consideration when con-
sidering administering intravenous contrast material in
patients with diminished renal function. The incidence is
small in patients with normal baseline renal function. Eleva-
tion of serum creatinine by >50% over baseline is seen in 1.6%
of patients, and elevation of serum creatinine by >150% is seen
in 0.15% of patients. When seen, nephrotoxic effects usually
occur within 24 to 36 hours and peak within 48 to 72 hours,
with gradual recovery to baseline renal function within a
week. The etiology is multifactorial and not completely under-
stood. Predisposing factors include renal insufficiency, dia-
betes, dehydration, age over 70 years, multiple myeloma (some
disagree), proteinuria, and concomitant administration of
aminoglycosides. These effects are additive, and those at
greatest risk are diabetics with preexisting renal insuffi-
ciency. Although serum creatinine is a somewhat insensitive
indicator of renal function, most radiology departments base
their contrast protocols on it. In patients with a creatinine
level above 1.5 to 1.7 mg/dL, contrast material should be used
rarely or not at all. There are few differences in contrast-me-
diated nephrotoxicity between types of contrast agents;
LOCMs may be minimally less nephrotoxic. Prophylaxis is
achieved by adequate hydration (intravenous saline at 75
mL/h) before, during, and after exposure to radiocontrast
agents. Recent attempts to lessen nephrotoxicity in at-risk
populations with prophylactic theophylline (oral or intra-
venous) or with acetylcysteine (Mucomyst; 600 mg PO bid the
day before and the day of contrast material administration)
are interesting, but these agents are not routinely used.

3. Local effects. Extravasation is a function of intravenous
technique and, as such, can occur with any contrast material.
LOCM extravasation may cause fewer complications. The
risks are predictable and include large volumes of contrast
material, rapid infusions, poorly placed catheters, and pa-
tients who are very old or very young, are unconscious, or
have “poor veins.” Rapid infusions can rupture both veins and
catheters, and it is important to be aware that a power injec-
tor can easily exceed the pressure limit of a small catheter.
Symptoms include burning and pain that are usually felt im-
mediately but may be delayed. Skin blistering, paresthesias,
and persistent pain are serious signs. Extravasation can de-
velop into ulceration and tissue necrosis. The acute inflam-
matory process peaks in 24 to 48 hours, but the time course is
highly variable; tissue necrosis has been seen in as little as
6 hours after injection. Extravasation must therefore be taken
seriously, and close follow-up is appropriate. There is no treat-
ment protocol that has been demonstrated to be consistently
effective. Many apply local cooling or heat, but these are of
unclear benefit.

4. Delayed reactions. These occur 1 hour to 7 days after
contrast administration. Most reactions are mild, are often
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difficult to differentiate from the patient’s underlying condi-
tion, and include rash, nausea, vomiting, headache, and chills.
Incidence is difficult to assess owing to differences in defini-
tions, doses, and patient populations but is quoted as 2% to 8%,
with the incidence being similar among contrast agents.
5. Prophylaxis. There was a 31% reduction in the inci-
dence of acute reactions when oral corticosteroids were taken
both 2 and 12 hours before intravenous HOCM was adminis-
tered. No protective effect was identified when steroids were
given as a single dose 1 to 2 hours before contrast material,
and there is no additional protective effect when steroids are
administered for >24 hours. Common pretreatment protocols
include 40 mg of prednisone 2 and 12 hours before contrast
agent or prednisone 20 mg ¢6h for four doses before contrast
material. Pretreatment with antihistamines probably re-
duces the chance of urticaria; pretreatment with a hista-
mine-2 (H,) blocker is logical but unproven. It is difficult to
weigh the relatively small risk of low doses of steroids versus
the small risk of a contrast reaction. Even though most symp-
toms reduced are mild to moderate, the balance might favor
pretreatment if there are no contraindications to oral corti-
costeroids. Some examinations can be performed with a lower
dose of contrast material. More importantly, when a patient
presents with a relative or absolute contraindication to con-
trast material, one should always explore utilizing other
imaging studies, including MRI, US, or CT scans, without
intravenous contrast material.
6. Treatment of contrast material reactions. Contrast
reactions agents can be clinically classified by severity (mild,
moderate, severe, or fatal). Most adverse reactions develop
within 5 minutes, and certainly within 1 hour. Urticaria, facial
edema, laryngeal edema, bronchospasm, and seizures are con-
sidered severe reactions.
a. Mild or moderate reactions. Pruritus or a scant ur-
ticaria is usually self-limited. More severe reactions can be
treated with 25 to 50 mg of diphenhydramine IV, IM, or
PO. As urticaria can be part of a generalized anaphylactoid
reaction, close observation is mandatory.
b. Severe reactions. If laryngeal edema is present, 0.1
to 0.3 mL of 1:1,000 epinephrine should be given subcuta-
neously every 15 minutes to a total dose of 1 mg, in addition
to hydration and oxygen (6 to 10 L/min). Diphenhydramine
and H; blockers may be considered. If bronchospasm is
present, a B-adrenergic agonist inhaler may provide symp-
tomatic relief. If persistent, parenteral B-adrenergic agonists
or aminophylline, 6.0 mg/kg IV over 10 to 20 minutes, should
be considered. Hypotension may be seen as an isolated
symptom or associated with sneezing, urticaria, watery
eyes, or any other symptoms of an anaphylactoid syndrome.
Rapid fluid replacement, frequently several liters, is the
most important treatment. If life threatening, epinephrine
1:10,000 can be given intravenously, 1.0 mL slowly up to
10 mL. A vasovagal reaction may present with hypo-
tension and bradycardia and may be accompanied by diapho-
resis, abdominal cramps, and generalized anxiety. Besides
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rapid fluid resuscitation (aided by Trendelenburg’s position),
0.5 to 1.0 mg IV of atropine may be given, up to 2 mg.
c. Fatal reactions. Fatal reactions do occur. There are
minimal data on the relative mortality because of the very
low incidence. The best data indicate the rate of fatal re-
actions to be 0.00043% for HOCM and 0.00029% for LOCM.
7. Drug interactions. Contrast material can potentially
interfere with a number of other drugs. Two deserve special
attention.
a. Metformin. Lactic acidosis, a rare complication but
one with 50% mortality, has been reported in patients on
metformin (Glucophage) who have received contrast mate-
rial. The drug should be temporarily withheld at the time
of contrast material injection and should be reinstated
48 hours later when the patient’s renal function has been
documented to have returned to baseline.
b. Interleukin-2. Patients treated with interleukin-2
immunotherapy, either concurrently or in the past, may
develop delayed reactions after administration of contrast
material.
V. MRI

MRI has many uses in the genitourinary system, particularly
in patients who, because of renal insufficiency or allergy history,
cannot safely tolerate intravenous contrast administration. The
outstanding soft tissue resolution offered by MRI makes it well
suited for evaluating renal masses, and its potential for noninva-
sive vascular imaging has revolutionized the radiologic evalua-
tion of vascular anatomy. Tissue contrast in MRI depends on the
relaxation properties of protons in varying magnetic fields, rather
than on ionizing radiation, which makes MRI a comparatively
risk-free examination. Imaging protocols vary significantly, how-
ever, based on the indication for the examination; hence, MRI
nearly always has a more restricted field of view and scope than
CT for answering general questions about the status of other
structures, and it is imperative to define the goal of MRI before
the examination begins.

MRI of the kidneys is performed with a variety of pulse se-
quences, depending on the indication for the examination. In gen-
eral, T1-weighted images are best for defining anatomy and are
often performed in multiple planes, usually axial and coronal. If ap-
propriate for optimal depiction of a mass or other pathology of in-
terest, sagittal or oblique imaging may also be useful. T1-weighted
images with a fat saturation pulse will null the signal from fat and
help to identify lesions such as angiomyolipomas, which often have
a significant macroscopic fat content. Microscopic fat, as seen in
adrenal adenomas, can be detected with gradient echo “in-phase”
and “out-of-phase” techniques.

T2-weighted images are better for demonstrating pathology and
help to differentiate between cysts, which are very bright, and
solid masses, which are only somewhat bright. Imaging after ad-
ministration of gadolinium is crucial to discriminate between solid
enhancing lesions and cystic nonenhancing lesions. As in CT scan-
ning, serial MR sequences after gadolinium administration can
help define masses seen in different phases of enhancement (cor-
tical, nephrographic, and urographic). Image quality is enhanced
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in high magnetic field strength systems with improved gradients
that allow for rapid imaging during breath-holding. It is often
useful to obtain rapid sequential series of images during the
angiographic, nephrographic, and urographic phases following
gadolinium administration, as well as breath-hold T2-weighted
images that minimize respiratory motion artifacts.

MR angiography makes possible a detailed evaluation of the
renal vasculature. Flowing blood has different signal characteris-
tics than thrombus or tumor within a vessel. Both “black-blood”
(spin echo) and “bright-blood” (gradient echo) techniques have been
developed to evaluate vascular patency and morphology. In addi-
tion, gadolinium-enhanced scans offer better contrast and spatial
resolution of vascular abnormalities, especially when performed as
rapid breath-hold sequences.

A. Indications. Indications for MRI of the genitourinary
system include evaluation of renal masses, renal vasculature,
prostate cancer, and adrenal masses. Experimental uses include
MR urography. Contraindications include the presence of fer-
romagnetic intracranial vascular clips, cardiac pacemakers, and
certain prosthetic cardiac valves. Relative contraindications,
sometimes amenable to pharmacologic intervention, include
severe claustrophobia and the patient’s inability to lie still for
30 to 45 minutes of imaging.
B. MRI of renal masses. Renal masses can be characterized
by MRI as solid, hemorrhagic, or cystic. Postgadolinium images,
performed in a dynamic fashion, are an essential component of
the MRI protocol. Visualization of small masses is enhanced by
high-resolution imaging in multiple phases of enhancement.
Urographic-phase imaging can help exclude the diagnosis of a
calyceal diverticulum, which can on occasion be confused with a
renal mass on earlier images. As with CT, anatomic imaging of
the remainder of the abdomen can reveal lymph node and
adrenal metastases. MRI is readily suited to the determination
of vascular (renal vein, inferior vena cava) patency with either
gadolinium-enhanced or nonenhanced techniques and of the
number and origin of renal arteries, which may be useful in sur-
gical planning.

C. MR angiography of the renal vasculature. Both the sta-

tus and number of the renal arteries and the position of the renal

veins can readily be assessed with MRI. Many scanners allow for
breath-hold, high-resolution, gadolinium-enhanced MR arteri-
ography, which has proved to be nearly as accurate as conven-
tional angiography for the assessment of renal artery number
and morphology, without the associated risks of femoral artery
puncture and complications of iodinated contrast administra-
tion. Renal vein and inferior vena cava patency can generally be
assessed without the use of gadolinium, with either black-blood

(spin echo) or bright-blood (gradient echo) techniques.

D. MRI of prostate cancer. With the use of endorectal MR

coils, high-resolution imaging of the prostate can be obtained.

Foci of suspected neoplasm can be demonstrated, as well as ex-

tracapsular spread and involvement of the neurovascular bun-

dle. During the same examination, an additional set of anatomic
images of the pelvis can be obtained with the body coil to assess
for pelvic adenopathy and metastatic disease to bone.
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E. MRI of adrenal masses. Adrenal masses can be readily
characterized with MRI. In-phase and out-of-phase imaging can
be performed, without gadolinium administration, to assess for
the presence of microscopic amounts of fat in an adrenal mass
noted on CT or US. The presence of microscopic fat in a lesion
strongly favors the diagnosis of adrenal adenoma rather than
metastatic disease, and such lesions can potentially be followed
with a biopsy being performed. Pheochromocytomas are ex-
tremely bright on T2-weighted images.

F. MR urography. An experimental procedure, MR urogra-
phy relies on the presence of urine-filled ureters. T2-weighted
sequences with very long echo times are best for accentuat-
ing the urine-filled ureters against the background of other
abdominal—pelvic structures. Challenges to the development
of this technique include artifacts caused by bowel motion and
breathing, which can be reduced by injecting 0.5 mg of glucagon
IM before the examination and by obtaining rapid breath-hold
images.
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Radionuclide Imaging

Rachel A. Powsner and Dean J. Rodman

Nuclear imaging of the genitourinary tract has the advantage of
being essentially noninvasive, providing physiologic as well as
anatomic information and subjecting the patient to minimal radi-
ation exposure. Allergic reactions are virtually unknown following
the injection of radiopharmaceuticals. The ability to provide func-
tional and quantitative information is fundamentally unique to
nuclear imaging and can be extremely useful in the assessment of
renal function, renal blood flow, and obstructive uropathy.

I. Renal imaging
A. Evaluation of flow and function
1. Radiopharmaceuticals are composed of a radioisotope
bound to a carrier with physiologic properties. The radio-
isotope used in renal imaging is metastable technetium-99
(**mTc), which is a readily available, low-cost isotope that is ex-
tracted from a molybdenum-99 generator. Radiopharmaceu-
ticals based on *™Tc that are used to assess flow and function
are as follows:
a. 9mTce-DTPA (*"Tec-diethylenetriaminepentaacetic acid)
is handled primarily by glomerular filtration (80%), and the
remainder is subject to tubular secretion.
b. 9mTec-MAGS3 (*"Tc-mercaptoacetyltriglycine) is han-
dled by tubular secretion (approximately 90%). As a result,
it has a higher rate of extraction than DTPA.
c. 9mTc-Glucoheptonate is handled by a combination of
glomerular filtration and tubular secretion (approximately
40% is excreted within 1 hour) and peritubular cell deposi-
tion (12% of the dose is present in the kidneys at 1 hour).
2. Imaging and analysis. After injection of any of the
above radiopharmaceuticals, sequential images (frames) are
obtained every 1 to 2 seconds for 60 seconds, then every 10 to
60 seconds for 20 to 30 minutes. These digital images are com-
pressed into longer frames for interpretation (Fig. 3.1). Im-
ages from the first minute reflect renal blood flow; images
from the subsequent 30 minutes reflect parenchymal and ex-
cretory function. Counts derived from these images are plot-
ted over time; the plot is called a renogram. The renogram is
commonly divided into three phases (Fig. 3.2A):
a. Phase I: evaluation of renal blood flow. The plot of the
first minute of data reflects renal blood flow (Fig. 3.2B,C).
The aortic flow is plotted as well. Attention is given to the
time delay between peak counts in the aorta and peak
counts in the kidney; this value should be <6 seconds. Be-
cause of rapid extraction, the #»Tc-MAG3 flow curve does
not have a clearly defined peak, but rather an inflection
point (Fig. 3.2C).
b. Phase II: parenchymal function (extraction and transit
of nuclide). After the initial flow of nuclide into the kidney,

30
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Fig. 3.2. Normal renogram. A: A plot of counts in the kidney over
31 minutes. The three phases (I, I1, III) are marked. B: Phase I
#9mTc-DTPA (*"Tc-diethylenetriaminepentaacetic acid) blood flow
curve. Renal and aortic counts for the first minute are plotted. The
thinner arrow indicates the peak counts in the aortic curve, and
the thicker arrow indicates the peak counts in the renal curve. The
time difference between these peaks should be 6 seconds. C: Phase I
99mTc-MAG3 (99mTc-mercaptoacetyltriglycine) blood flow curve.
Because of the more rapid extraction of 99mTc-MAGS3 from the blood
pool, there is no clear peak in this curve, only an inflection point
(arrow).

renal uptake depends on parenchymal function. In a nor-
mally functioning kidney, counts will at first steadily in-
crease within the kidney secondary to extraction of nuclide
from the blood pool. Nuclide will traverse the parenchyma
and begin to enter the collecting system. Within 5 minutes,
excretion of nuclide into the renal collecting system will ex-
ceed the uptake of nuclide from the steadily diminishing
blood pool, and the curve will enter phase III down-slope.
Peak uptake (the time of reversal of up-slope to down-slope)
on a normal renogram should occur within 5 minutes after
injection.
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Fig. 3.3. Normal 30-minute 99mTc-DTPA (99mTec-diethylenetri-
aminepentaacetic acid) renogram, demonstrating 50% excretion in
20 minutes.

B

c. Phase III: excretion. This phase in the normal kidney
is characterized by a rapid component of emptying (when
the concentration of radiopharmaceutical in the parenchy-
mal and blood pool is relatively greater), followed by a more
gradual down-slope as the supply of nuclide available for
excretion decreases. A normal DTPA renogram will demon-
strate 50% emptying of nuclide from the kidney within
20 minutes (Fig. 3.3).

Evaluation of focal and relative renal function with

cortical agents

1. Substances that are taken up and retained within the
renal tubular cells may be used for static renal imaging, to
evaluate relative renal function and function of renal masses.
Typical agents available for this use are as follows:
a. During the first 30 minutes, *™Tc-glucoheptonate is
used as a flow and function agent, as described above. After
excretion is complete at 1 hour, 12% of the injected dose is
retained in the tubular cells.
b. ?mTc-DMSA (*"Tc-dimercaptosuccinic acid) is com-
monly used for evaluation of renal morphology. It is
extracted from the peritubular extracellular fluid and de-
posited in the tubular cells; 50% of the injected dose is
present in the kidneys at 1 hour.
2. Acquisition and analysis. Patients receive an intra-
venous injection of one of the above nuclides. Images of renal
parenchymal retention are obtained after excretion of the
agent is mostly complete. Images following the administration
of glucoheptonate are obtained 1 to 2 hours after injection,
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whereas %mTc-DMSA images are obtained 3 to 4 hours after
injection. Normal #"Tc-DMSA images are shown in Fig. 3.4.
C. Imaging of renal infection. Agents used specifically to
image infectious or inflammatory processes include the fol-
lowing:
1. White blood cells labeled with 'In. Indium-111 is a
moderately expensive radionuclide produced by cyclotron. A
very careful technique is used to separate white blood cells
from a 30- to 60-mL aliquot of whole blood drawn from the
patient with a 16-gauge needle. These white blood cells are
labeled with "In, resuspended in the patient’s plasma, and
reinjected into the patient through another large-bore access.
Imaging is performed 24 hours later. The white cells retain
their function and localize at sites of infection. White blood
cells labeled with *™Tc are not recommended for imaging the
genitourinary system, as the %™Tc that dissociates is excreted
through the renal system.
2. [¥"GalGallium citrate. Gallium-67 is produced by cy-
clotron. It is an iron analog and attaches to serum proteins
including lactoferrin and ferritin. It localizes at sites of in-
fection and inflammation (e.g., interstitial nephritis) and in a
limited number of tumor types. 5Ga is normally seen in renal
parenchyma up to 72 hours after injection. After this time,
accumulation is abnormal and suggestive of infection, inflam-
mation, or certain tumors.
3. 9mTc-DMSA is currently recommended as the agent of
choice for diagnosis and follow-up of pyelonephritis (see
below).
. Clinical applications
1. Vascular abnormalities
a. Renal arterial embolus. Nonvisualization of a kidney
on the flow scan is consistent with renal arterial embolus.
Segmental embolus presents on scintigraphic study as a re-
gional peripheral perfusion defect (Fig. 3.5).
b. Renal arterial stenosis. The renal flow scan by itself
is relatively insensitive to arterial stenosis. Standard eval-
uation involves the comparison of renal function following
the administration of an angiotensin-converting enzyme
inhibitor such as captopril with baseline renal function
(Fig. 3.6). This technique is very sensitive for the detection
of clinically significant stenoses (>65%). After the admin-
istration of an angiotensin-converting enzyme inhibitor,
the postglomerular compensatory efferent arteriole steno-
sis will dilate. The subsequent drop in the glomerular fil-
tration pressure will be seen as a prolonged phase II of
the renogram during a *Tc-MAGS3 study and as reduced
accumulation in phase II of a renogram performed with
9mTe-DTPA. This test is less useful with poorly function-
ing kidneys.
c. Renal vein thrombosis. Although renal vein throm-
bosis is generally characterized as reduced perfusion and
delayed accumulation, nuclear imaging is not the procedure
of choice for this entity.
2. Parenchymal abnormalities
a. Malformations and anatomic variants. Static imag-
ing of the kidneys with *™Tc-DMSA or *™Tc-glucoheptonate

D
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Fig.3.4. Normal 99mTc-DMSA (**"Tc-dimercaptosuccinic acid)
images. The upper images are planar posterior, left posterior
oblique, and right posterior oblique. The lower images are coronal
tomographic views of the same kidney.



36 3. Radionuclide Imaging

e

% - - *

Fig. 3.5. Renal artery embolism. A peripheral wedge-shaped defect
consistent with an infarct following embolism (arrow) is shown on
this 99mTc-MAG3 (99mTc-mercaptoacetyltriglycine) transplant scan.

is an excellent means of determining the size and configu-
ration of functioning renal parenchyma. Polycystic kidneys
usually demonstrate multiple bilateral photopenic defects
(“cold spots”). Normal renal tissue in aberrant locations
(horseshoe kidney, fetal location, hypertrophied column of
Bertin) may also be defined by this method. Size and posi-
tion of even the most atrophic and ectopic renal parenchyma
may be assessed if there is a significant amount of function-
ing tubular mass. With renal duplication, *Tc-DMSA or
9mTe-DTPA scintigraphy can assess regional parenchymal
function before corrective surgery. Before nephrectomy, rel-
ative renal function can be assessed in the same manner
(split function renography).

b. Transplant evaluation: acute tubular necrosis
versus rejection. Many transplanted kidneys demonstrate
some evidence of acute tubular necrosis postoperatively.
Renal scanning with *"Tc¢-DTPA demonstrates normal
renal perfusion but little or no accumulation or excretion
of the tracer. Renal scanning with "Tc¢-MAG3 demon-
strates normal renal perfusion and steadily increasing
counts in the kidney with reduced excretion. Generally,
one can expect gradual improvement in cases of acute
tubular necrosis within about 3 weeks (Fig. 3.7), but reso-
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lution may take several months. Acute rejection is charac-
terized by markedly decreased renal perfusion on scanning
with both *mTc-DTPA and %™Tc-MAGS3. This is one of the
earliest signs of rejection, and it can occur as early as
48 hours before clinical symptoms become apparent. In
contrast to the images in acute tubular necrosis, images of
parenchymal function are relatively better than the perfu-
sion images. Rejection and acute tubular necrosis may occur
simultaneously, however, and differentiation may not be
possible. For this reason, many surgeons advocate baseline
renal scans at 24 to 48 hours after transplantation, which
can be compared with subsequent studies (Fig. 3.8). Cyclo-
sporin A toxicity, particularly in the clinical setting of an
ischemic cadaveric renal transplant, can yield images that
are indistinguishable from acute rejection.
c. Acute glomerulonephritis. Scintigraphy has no sig-
nificant role in the diagnosis or management of this entity.
d. Acute interstitial nephritis. A characteristic pattern
of intensely increased uptake of 7Ga persists >72 hours
after injection (Fig. 3.9).
e. Pyelonephritis. #™Tc-DMSA is advocated for the di-
agnosis, assessment, and management of acute pyelone-
phritis. Photopenic defects indicative of pyelonephritis can
be unifocal or multifocal. Defects representing acute infec-
tion will resolve on follow-up studies, whereas persistent
defects are consistent with permanent scarring (Fig. 3.10).
[6(7GalGallium citrate can be used to diagnose pyelonephri-
tis, but the agent can be visualized for up to 72 hours in the
normal kidney, so diagnosis can be delayed. Although white
blood cells labeled with "'In are specific for infection, the
procedure is relatively more time consuming and costly
than a %»Tc-DMSA study.
3. Postrenal abnormalities

a. Hydronephrosis and obstruction. Differentiation of
obstructive from nonobstructive hydronephrosis may be
achieved by furosemide renal scanning. Administration of
intravenous furosemide (10 to 40 mg) in the hydronephrotic,
nonobstructed kidney initiates a diuresis that clears activ-
ity from the kidney and pyelocalyceal system. A normal re-
sponse to furosemide is characterized by 50% emptying of
the kidney and pelvis by 20 minutes after injection (Fig.
3.11). In instances of collecting system obstruction, the
tracer activity in the renal pelvis fails to clear or even accu-
mulates further. An indeterminate result (some emptying,
but <50% in 20 minutes) will occur in approximately 15% of
all cases and is caused by the following:

(1) Blunting of diuresis by markedly depressed renal

function.

(2) Masking of tracer clearance by grossly distended

renal pelvis and ureter.

(8) Confusion caused by the presence of vesicoureteral

reflux, which can be prevented by catheterization of the

bladder.

(4) Marked bladder distention that may result in poor

emptying of the upper tracts; it is wise to have the patient

void before the study is begun. Occasionally, retention of
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Fig. 3.8. Transplant rejection. A and B, top left and right: One day
following transplant. The 1-minute blood flow images are relatively
normal, and the 30-minute images demonstrate moderately reduced
function. At this stage, the diagnosis could be acute tubular necrosis
or rejection. A and B, bottom left and right: Sixteen days after trans-
plant, the kidney is not as well seen on flow images, but the func-
tional images demonstrate improved extraction and excretion of
nuclide. C: Twenty-one days following transplant of the same kidney,
there is poor visualization of the kidney on blood flow images and
only mild degradation of function. This is a characteristic pattern
for rejection.
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Fig. 3.9. Interstitial nephritis. Intensely increased uptake is seen in
the left kidney and moderately increased uptake is seen in the right
kidney.

tracer may occur only after furosemide administration,

which indicates functional obstruction at high rates of

urine flow.
b. Urinary leakage is diagnosed with greater sensitivity
by nuclear imaging than by contrast radiography. Depend-
ing on the site of the leak, extravasation can be loculated or
dispersed throughout the peritoneal cavity (Fig. 3.12). In
posttransplant patients, extravasation is generally seen
as an area of increased activity in the region of the vesi-
coureteral anastomosis. When extravasation is suspected
but not visualized initially, it is helpful to obtain delayed
images before and after emptying of the bladder. A urinoma
may present as a photon-deficient area if it represents urine
that has accumulated before the injection of the radio-
nuclide tracer.
c. Ureteral reflux studies. Radionuclide cystography
(RNC) permits continuous monitoring of the dynamics of
bladder filling and emptying. It is more sensitive than radio-
graphic cystography, especially for low-grade reflux. A small
dose of tracer, most commonly [*™Tc]pertechnetate, is in-
troduced into the bladder through a transurethral catheter.
Sequential posterior imaging of the bladder, ureters, and
kidneys is performed at 5-second intervals during bladder
filling and at 2-second intervals during voiding. Vesi-
coureteral reflux is easily detected and graded (Fig. 3.13),
and bladder volume can readily be calculated. It is recom-
mended that a conventional contrast voiding cystourethro-
gram (VCUG) be performed as the first study on each
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Fig. 3.12. Urinary leakage: postoperative peritoneal urinary ascites
following ureteral tear. Throughout the abdomen, 99mTc-MAG3
(99mTc-mercaptoacetyltriglycine) is seen diffusely (small arrows),
with pooling at the site of the obstructed damaged ureter

(large arrow).

patient to obtain anatomic information. RNC is then used
for subsequent studies and for the screening of siblings. This
is because the radiation dose from an RNC study is one-
thousandth of the dose from a VCUG study.
d. Testicular imaging. Testicular scanning is used pri-
marily to differentiate acute testicular torsion from other
causes of acute scrotal pain such as acute epididymitis. This
distinction is important because acute testicular torsion
mandates immediate surgical intervention. The testicle can
rarely be saved if surgery is delayed >6 hours after onset of
ischemia.
(1) Technique. Following the intravenous bolus injec-
tion of [**™Tc]pertechnetate, serial images of the testicles
are obtained at 1-second intervals for the first minute as
an assessment of testicular blood flow. Static images of
the scrotum are obtained immediately following the
blood flow images.
(2) Clinical application. Normally, flow to the testes
is equal bilaterally (Fig. 3.14). In acute testicular torsion,
the delayed perfusion images show decreased activity
over the affected testis (Fig. 3.15). Delayed torsion will
demonstrate an intense halo of activity around the in-
farcted testis (Fig. 3.16). In epididymitis (and/or orchitis),
increased perfusion through the spermatic cord vessels is
noted, as it is in other inflammatory processes involving
the testicle, and increased activity is noted on the in-
volved side (Fig. 3.17). Radionuclide scanning of the scro-
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Fig. 3.13. A:Normal radionuclide cystography: posterior projection.
The lower right image was taken after voiding. B: Vesicoureteral
reflux. Posterior views demonstrate grade III reflux on the left and

grade II reflux on the right. (Courtesy of Dr. Elizabeth Oates,
New England Medical Center, Boston, MA.)
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Fig. 3.17. Epididymitis. Increased flows and immediate uptake in
right scrotal sac. (Courtesy of Dr. Victor Lee, Boston Medical Center,
Boston, MA.)
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tum in trauma, hydrocele, spermatocele, varicocele, tes-
ticular tumors, and abscesses produces results of varying
specificity and does not have a prominent clinical role at
this time.
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Evaluation of Renal
Mass Lesions

Juan P. Litvak and Robert D. Oates

The increased availability of computed tomography (CT) and
ultrasonography (US) has dramatically affected the clinical pre-
sentation of renal masses. Incidentally found renal masses ac-
counted for 61% of all renal tumors in 1998. Thus, the urologist
must now evaluate and manage small renal masses that would
otherwise have been undetected. The incidentally detected renal
cell carcinoma (RCC) tends to be smaller in size and have lower
grade and stage than symptomatic masses.

Many classifications of renal tumors exist, including those
based on histologic origin, pathology (benign versus malignant),
and radiologic appearance (cystic versus solid). Given the fre-
quency with which renal masses are now diagnosed as incidental
findings on radiologic studies, we chose to classify renal masses
based on radiologic appearance. We first divide tumors as either
solid or cystic and then further categorize between benign or ma-
lignant (Table 4.1).

I. Solid renal masses
A. Benign lesions
1. Angiomyolipoma (AML) is a rare parenchymal renal
mass that accounts for <0.5% of all renal tumors. Histologi-
cally, it is composed of angiomatous, adipose, and smooth mus-
cle elements. The adipose tissue component is variable but can
constitute up to 80% of the tumor bulk. Approximately 20% of
patients with AMLs have tuberous sclerosis (TS), an auto-
somal dominant disease characterized by epilepsy, mental
retardation, adenoma sebaceum, retinal phakomas, and
hamartomas of the kidneys, brain, and other viscera. How-
ever, only 50% of patients with TS develop AMLs. While AMLs
associated with T'S are more common in men, sporadic cases
are more common in women.
a. Clinical features and diagnosis. In patients with TS,
AMLs are more likely to be bilateral, multifocal, and large,
while in the sporadic form, lesions tend to be unilateral, uni-
focal, and small. Although thought to be uniformly benign,
retroperitoneal lymph nodes, liver, and spleen have been
noted to have AMLs identical to the primary renal tumor.
However, these have been considered to represent multi-
focality rather than metastases. Fifty percent of AMLs are
discovered incidentally on radiographic studies. However,
presentation with clinical symptoms is not uncommon and
occurs most frequently in patients with TS. Common pre-
senting symptoms include flank pain or fullness, palpable
mass, and hematuria. Hypertension and anemia are also
common symptoms. Pain from AML is usually associated
with spontaneous hemorrhage into the tumor. Extreme

51
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Table 4.1. Renal mass lesions

Solid renal masses

Benign lesions
Angiomyolipoma
Oncocytoma
Xanthogranulomatous pyelonephritis
Benign mesenchymal tumors
Malignant lesions
Renal adenocarcinoma
Sarcoma
Metastatic lesions
Lymphoma/leukemia

Cystic renal masses

Benign lesions
Simple cyst
Multilocular cystic nephroma
Calyceal diverticulum
Malignant lesions
Cystadenocarcinoma
Cystic necrosis of renal carcinoma
Renal carcinoma arising in simple cyst

cases of massive retroperitoneal hemorrhage are rare and
are referred to as Wunderlich’s syndrome.

b. Radiologic diagnosis is often helpful and definitive
in AML. The presence of fat within the tumor allows for dis-
tinction from other tumors by CT scan, US, and magnetic
resonance imaging (MRI). CT is currently the most accu-
rate means of diagnosing AMLs. The large amount of fat
within an AML produces areas of low radiographic density
characterized by a negative CT attenuation coefficient as
measured in Hounsfield units. A Hounsfield unit value of
<101is considered diagnostic of AML. False-negative results
of CT may occur if nonadipose tissue or denser, “immature”
adipose tissue elements predominate. AMLs are the most
echogenic tumors seen on renal US. This is a result of the
fat-nonfat interfaces seen throughout the tumor. In addi-
tion, shadowing is a common finding seen with AMLs that
can help distinguish them from RCC, which tend not to
shadow. Intravenous urogram (IVU) will show unilateral or
bilateral space-occupying lesions, occasionally distorting
the collecting system. Renal arteriography yields a charac-
teristic “onion peel” appearance, although the test cannot
reliably distinguish AML from renal adenocarcinoma. In
both, there may be a hypervascular mass, tortuous vessels,
microaneurysms, and arteriovenous fistulas. T1-weighted
MRI will show high signal intensity because of the adipose
tissue within the tumor.

c. Treatment of AML is dependent on lesion size and
symptomatology. Tumors <4 cm in diameter are less likely
to be either symptomatic or associated with hemorrhage or
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other complications. The risk of life-threatening hemor-
rhage is much greater in tumors larger than 4 cm. Based
on these patterns, the general recommendation for asymp-
tomatic AMLs <4 cm is observation with either serial US
or CT scans every 6 to 12 months. Tumors that are larger
than 4 cm should be considered for intervention with either
nephron-sparing surgery or selective angioembolization.
However, in considering management options, one must
consider concomitant factors such as age, comorbidities,
and renal function. It should also be considered that pa-
tients with TS tend to have bilateral disease and tumors
that tend to grow at a faster rate. Patients with significant
acute hemorrhage should be explored and usually require
total nephrectomy.
2. Renal oncocytoma is an epithelial neoplasm that orig-
inates from the intercalated cells of the collecting duct. It ac-
counts for approximately 3% to 7% of all solid renal masses.
On gross appearance, the tumor is tan or light brown and is
well circumscribed with a pseudocapsule. A central scar is
commonly seen on gross examination. Histologically, the cells
are characterized by uniformity in size and color, a round to
polygonal shape, and finely granular eosinophilic cytoplasm
(oncocytes). Ultrastructural analysis demonstrates an over-
whelming abundance of mitochondria within each cell, which
cause the granular appearance microscopically. Genetic alter-
ations that are commonly seen are deletion of chromosome 1
or the sex chromosome and translocation at 11q13. Up to 12%
of oncocytomas are multifocal or bilateral. Multifocal renal
oncocytomas can be seen in patients with familial renal onco-
cytoma and the Birt-Hogg-Dube syndrome.
a. Clinical diagnosis. Nearly 80% of renal oncocytomas
are asymptomatic and found incidentally. Symptoms re-
sulting from oncocytoma are not different from those
caused by RCC and include hematuria, palpable mass, and
flank and/or abdominal pain. It is not possible to conclu-
sively differentiate oncocytoma from RCC by clinical diag-
nosis. Renal biopsy is often not diagnostic because of the
inability to reliably differentiate between RCC and the pos-
sibility of the concomitant presence of oncocytoma and RCC
within the same tumor.
b. Radiologic diagnosis. Although there are radiologic
signs that are suggestive of oncocytoma, it is not possible
to firmly differentiate oncocytoma from RCC by radiologic
modalities. Angiographically, a “spoke wheel” pattern in
which vessels radiate toward the center of the tumor is
suggestive of oncocytoma. CT of large oncocytomas may
demonstrate an area of low attenuation that can represent
the central scar.
c. Treatment for renal oncocytoma is guided by the fact
that oncocytoma cannot be distinguished preoperatively
from RCC. Therefore, surgical management follows that of
a putative RCC and is dependent on the size and location
of the tumor.
3. Xanthogranulomatous pyelonephritis (XGP) is an
atypical chronic bacterial pyelonephritis that can mimic
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renal carcinoma radiographically. Microscopically, lipid-laden
macrophages are the predominant cell in this reactive tissue
lesion. In 50% to 80% of instances, obstructing renal or ureteral
calculi are found. Positive urine cultures for Escherichia coli
(40%) and Proteus mirabilis (29%) are present in up to 70% of
patients. Klebsiella, Pseudomonas, and Bacteroides may also
be implicated. The disease not infrequently is also associated
with diabetes mellitus and previous urologic surgery. Women,
typically middle aged, are affected three times as frequently
as men. Infection proximal to an obstructing calculus presum-
ably stimulates this bizarre inflammatory process. Grossly,
diffuse replacement of the entire kidney by lobulated yellow
masses occurs, although only focal involvement is found in
17% of instances. Occasionally, XGP penetrates Gerota’s fas-
cia into the perinephric space.
a. Diagnosis. It should be noted that patients with XGP
may have constitutional symptoms such as weight loss and
anorexia. A syndrome of liver dysfunction may occur in
XGP as well as in renal adenocarcinoma. The differential
diagnosis rests on the presence of irritative symptoms of
the lower tract, leukocytosis, pyuria, and infection in XGP.
IVU demonstrates a poorly functioning or nonfunctioning
kidney with hydronephrosis in 75% of patients and calculi
in 50% to 80%. Focal lesions may show calyceal distortion
only. US shows diffusely enlarged kidneys with obstruction
of the collecting system; calculi and purulent collections may
be imaged as well. CT with contrast demonstrates an en-
larged, nonfunctioning, hydronephrotic kidney with stones
and sometimes abscess cavities. Areas of lipid concentra-
tion may manifest as a negative attenuation coefficient.
The extent of local perinephric extension can be assessed
by CT. Angiographically, XGP may mimic many of the fea-
tures of renal adenocarcinoma, including neovascularity
and vessel encasement.
b. Treatment ininstances of diffuse involvement requires
nephrectomy with excision of any perinephric tissue in-
volved by XGP. Focal disease may be successfully treated by
partial nephrectomy in selected patients. Recently, there
have been reports of focal XGP being successfully treated
nonoperatively.
4. Benign mesenchymal tumors, including fibromas, lipo-
mas, leiomyomas, and hemangiomas, are extremely rare and
usually asymptomatic. Treatment is usually the same as that
for renal adenocarcinoma because the diagnosis is unknown
preoperatively. Another rarely reported tumor is the juxta-
glomerular tumor, which is considered benign but causes
hypertension as a result of renin secretion.
B. Malignant lesions
1. RCC, also known as renal adenocarcinoma, accounts for
approximately 3% of all malignancies in the United States
(Fig. 4.1). The incidence has greatly increased over the last
several decades, most certainly owing to the widespread use of
imaging modalities such as abdominal US and CT. This has
led to early diagnosis of smaller tumors, or “incidentalomas,”
which may otherwise have been undiagnosed. However, it is
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also important to note that the number of advanced cases has
also increased. Currently, there are approximately 30,000 new
cases diagnosed per year in the United States. The incidence
is thought to be >100% increased since 1950. The peak inci-
dence is in the fifth to sixth decades of life, although the tumor
is known to occur rarely in children and adolescents.

The etiology of RCC is unclear. Although many agents
have been implicated as a putative cause, only tobacco has
been shown to cause an increase in the relative risk. Von
Hippel-Lindau disease is an autosomal dominant disorder
that is strongly associated with RCC. In addition to renal tu-
mors, other manifestations of the disease include cerebellar
hemangioblastomas, retinal angiomas, renal cysts, pheochro-
mocytomas, pancreatic cysts, and epididymal cystadenomas.
The Von Hippel-Lindau gene (VHL) is a known tumor sup-
pressor gene. In families afflicted with this disorder, gene
analysis has shown loss of heterozygosity at 3p25-26, the site
of the VHL gene. In the sporadic form of RCC, tumor cells may
demonstrate an allelic loss at the 3p12-14 chromosome. RCC
in VHL is more likely to be bilateral and multifocal and pre-
sents earlier in life. More recently, a second hereditary form of
RCC, the hereditary papillary RCC, has been described. This
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is also an autosomal dominant disease, and the gene has been
localized to chromosome 7.

Histologically, RCCs arise from renal tubular epithelium.
The most common subtypes are clear cell and tubulopapillary,
which account for 70% and 10%, respectively. Clear cell tumors
are the most common form in sporadic RCC, and this is also the
form associated with Von Hippel-Lindau disease. They are
usually hypervascular. Tubulopapillary tumors are often hy-
povascular and are more likely to be multicentric. Less com-
mon subtypes of RCC are chromophobe, collecting duct, and
renal medullary. Chromophobe accounts for approximately 5%
of RCCs, and the collecting duct and renal medullary subtypes
are quite rare. The renal medullary subtype is almost exclu-
sively associated with African Americans with sickle cell trait
or disease and carries an ominous diagnosis with survival mea-
sured in weeks. Previously, it was believed that there was a
sarcomatoid subtype, which is now recognized as a poorly dif-
ferentiated region of other tumor subtypes.

a. Clinical diagnosis. More than 60% of tumors are now

discovered incidentally by noninvasive radiologic imaging.

Therefore, the “classic triad” of hematuria, flank pain, and

abdominal mass is now a rare finding, occurring in <5% of

cases (Fig. 4.2). Hematuria remains a common presenting

flank pain
10%

hematuria
30%-60%

flank mass
10%

Fig. 4.2. “Classic triad” in renal carcinoma consists of hematuria,
flank pain, and flank mass.
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symptom and occurs in 30% to 60% of cases, depending on
the series (Fig. 4.2). RCC has been described as the “in-
ternist’s tumor” owing to the frequency of nonspecific symp-
toms such as anemia as well as associated paraneoplastic
syndromes. Hypercalcemia, the most common paraneo-
plastic syndrome, can occur in up to 15% of patients and is
caused by tumor secretion of parathyroid hormone. Tumor
production of renin and polycythemia can lead to hyperten-
sion or polycythemia.
b. Radiologic diagnosis
(1) CT scanis currently the most accurate and efficient
means of diagnosing renal masses. Images obtained be-
fore and after administration of intravenous contrast
medium can delineate solid enhancing renal lesions that
are highly suggestive of malignant renal tumors. Cystic
RCC, discussed later in this chapter, can be graded using
the Bosniak classification system to predict likelihood of
malignancy. Based on this system, radiologic factors such
as contrast enhancement, presence of septations, and ap-
pearance of the cyst wall can aid in predicting the like-
lihood of malignancy. CT scan also provides valuable
information for clinical staging of renal tumors. Local ex-
tension, intraabdominal metastasis, and tumor thrombi
in the renal vein or vena cava can be identified. CT an-
giogram can also be used to delineate renal vascular
anatomy when the possibility of partial nephrectomy is
entertained in the treatment of RCC.
(2) MRI may also be used to diagnose and stage RCC.
Patients who have contraindications to contrast-enhanced
CT, such as patients with renal insufficiency or contrast
sensitivity, are good candidates for this modality. MRI
may also be helpful in evaluating complex cysts and ab-
scesses as well as to assess the extent of local tumor in-
volvement. Currently, it is also considered the best means
to evaluate involvement of the vena cava or renal vein by
tumor thrombi.
(8) US has come to play an important role in diagnosis
of lesions by virtue of its safety, accuracy, and relatively
low cost. Renal US can determine whether a mass is solid
or cystic, the patency of the renal vein and inferior vena
cava, and the presence of enlarged retroperitoneal lymph
nodes. US is also useful as an imaging modality for fine-
needle aspiration (FNA) of cystic renal lesions.
(4) Angiography. Since the advent of CT, the use of
arteriography has become quite limited in RCC. Classic
findings with arteriography in RCC include hypervas-
cularity, microaneurysms, arteriovenous shunting, and
venous pooling of contrast agent within the tumor.
(5) Renal biopsy or FNA. Three-dimensional imaging
with CT or MRI has greatly reduced the utility of biopsy
or FNA. The high likelihood of malignancy with solid
masses identified by CT or MRI, along with the inherent
risk of sampling error by biopsy or FNA, have limited the
usefulness of this modality. Patients with suspected
metastatic disease to the kidney or lymphoma may be
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candidates for biopsy or FNA. In addition, FNA may aid
in diagnosing renal abscess by identifying the presence of
inflammatory cells.
c. Treatment is based on stage, size, and location of the
tumor in the kidney. The medical condition of the patient is
also an important factor. Although treatment options are
evolving in RCC, radical nephrectomy remains the treat-
ment of choice in patients with adequate renal function in
the remaining kidney. Historically, radical nephrectomy in-
cluded excision of Gerota’s fascia and the ipsilateral adrenal
gland and an extensive regional lymph node dissection.
However, with the ability of CT and MRI to detect adrenal
pathology with nearly 100% sensitivity, the adrenal can be
spared in the majority of patients. The need for a regional
lymphadenectomy remains a controversial topic. Removing
the perinephric fat with the tumor remains a surgical goal.

In selected patients, partial nephrectomy is a viable treat-
ment option. Initially, it was recommended only in patients
with solitary kidney, bilateral tumors, or renal medical dis-
ease. However, recent literature suggests that in patients
with normal contralateral kidneys and small tumors <4 cm,
survival and recurrence data are similar to those for radical
nephrectomy. In patients with Von Hippel-Lindau disease,
the mainstay of treatment is partial nephrectomy due to the
high rate of contralateral involvement. Recurrence in these
patients is frequent, and therefore they must have a strict
and frequent follow-up protocol.

In selected cases, laparoscopic radical nephrectomy has
become available. Disease-free and disease-specific survival
are similar to those for open radical nephrectomy. Signifi-
cant benefit with regard to patient recovery and comfort
can be seen with both the hand-assisted and the standard
laparoscopic techniques. Surgeon experience determines
the ability to perform laparoscopic procedures in larger tu-
mors, inflammatory kidneys, previously operated kidneys,
or patients with prior abdominal surgery. Laparoscopic
nephrectomy is contraindicated in tumors with extensive
local extension or caval thrombi.

New minimally invasive therapeutic modalities such as
renal cryosurgery and radiofrequency ablation are under
investigation. These techniques, which can be applied via
open, percutaneous, or laparoscopic approaches, are mini-
mally invasive and provide the possibility of maximal
preservation of renal parenchyma. Further studies will
elucidate the long-term efficacy of these newer modalities.

Metastatic RCC is not responsive to traditional chemo-
therapeutic agents or radiation therapy. There has been a
long-standing enthusiasm for management of RCC with
immunotherapy. Most recently, there have been promising
results with recombinant human interleukin-2 with par-
tial response rates of up to 15%. Factors that predict re-
sponse to immunotherapy include nephrectomy prior to
initiation of treatment, good functional status, and lack of
bulky pulmonary or soft tissue metastases.
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2. Sarcomas of the kidney are rare, making up 1% to 3% of
all renal tumors. These include leiomyosarcoma, liposarcoma,
rhabdomyosarcoma, fibrosarcoma, malignant fibrous histio-
cytoma, neural sarcoma, and hemangiopericytoma. Leiomyo-
sarcoma is the most common and accounts for up to 60% of
renal sarcomas. Large, rapidly growing tumors without the
presence of lymphadenopathy are suggestive of renal sarco-
mas. However, the preoperative diagnosis of sarcoma is diffi-
cult since the symptoms and signs are similar to those of renal
adenocarcinoma. The treatment of localized renal sarcoma is
nephrectomy, although the rate of local recurrence is high and
the prognosis is extremely poor.
3. Metastatic lesions in the kidney are the most common
renal malignancy. The most common primary site is lung fol-
lowed by breast, stomach, pancreas, colon, and cervix. These
tumors, which are often clinically silent, can present with
flank pain or hematuria. Any patient with a history of prior
malignancy or with multiple renal masses should be suspected
of having metastatic lesions rather than an RCC. In these
cases, biopsy should be considered.
4. Renal lymphoma and leukemia. Renal involvement
is common with these hematologic malignancies but is usu-
ally asymptomatic. Primary renal lymphoma is exceedingly
rare owing to the paucity of lymphoid cells within the kidney.
Secondary lymphoma should be suspected in patients with
renal mass and significant retroperitoneal lymphadenopathy
or lymphadenopathy elsewhere in the body. It is of primary
importance to distinguish these renal malignancies from
RCC as the treatment is extirpative only in the rare situation
where intractable hemorrhage occurs.
II. Cystic renal masses
A. Benign lesions
1. Simple renal cysts are the most common renal masses
and are present in 50% of autopsy specimens from patients
above 50 years of age. CT studies demonstrate that the preva-
lence and size increase with age. They are composed of fibrous
tissue and are lined by flattened cuboidal epithelium. Simple
cysts are usually asymptomatic and are incidental findings on
radiologic studies. However, they can become symptomatic
when they reach larger sizes or when spontaneous hemor-
rhage occurs into the cyst.
a. Radiologic diagnosis of a simple cyst can usually be
made confidently by US or CT. A confident diagnosis of a
benign cyst can be made by US when the lesion is homoge-
neous and thin and smooth walled, has increased through-
transmission, and has an anechoic internal component. If
these criteria are not met, further imaging with CT or MRI
is necessary. CT criteria for simple cyst are met when they
have thin walls, a CT density similar to water, and lack of
enhancement with intravenous contrast agent administra-
tion. Thin septations or thin mural calcifications are also
acceptable features for classification of benign simple cyst.
The criteria by MRI are similar to those for CT. In addition,
simple cysts exhibit low signal intensity by T1-weighted im-
ages and high signal intensity on T2-weighted images.
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b. Treatment. Simple cysts are usually asymptomatic
and therefore rarely require intervention. Treatment op-
tions for symptomatic simple cysts include aspiration and
sclerosis or surgical resection via laparoscopy or open sur-
gery. Although aspiration and sclerosis are less invasive,
recurrence rates have been noted to reach up to 90%.
2. Complicated cysts are those cysts that do not meet the
radiologic criteria for simple cysts. Features of complicated
cysts include septations, calcifications, thick walls, or en-
hancement by CT with administration of intravenous con-
trast medium. These findings are of concern because of the
possibility of malignancy in these cysts. Bosniak first pro-
posed a classification of renal cysts in 1986 to clarify the need
for further evaluation of complicated cystic lesions (Table 4.2).
Class I lesions are presumed to be uncomplicated and do not
require further evaluation. Class II lesions have some atypi-
cal features and should be followed radiographically. Class I11
lesions cannot be distinguished from malignant lesions and
carry up to a 50% chance of malignancy. They require surgi-
cal exploration. Class IV lesions are strongly suggestive of
malignancy and are presumed to be RCCs.
a. Multilocular cystic nephroma is a Bosniak class III
lesion that is thought to be benign. It is a well-circumscribed
lesion composed of multiple noncommunicating cysts sepa-
rated by thick fibrous septa. The lesion is well circumscribed
by a thick fibrous capsule and compresses adjacent renal
parenchyma. There is a bimodal distribution with the first
peak occurring most commonly in young boys under the age
of 4 years. These account for approximately 70% of all cases.
A second peak occurs in women ages 40 to 70. In children,
the presentation is usually as a palpable abdominal mass,
while in adults, it can be an incidental finding or can be re-
lated to pain, hematuria, or urinary tract infection. US will

Table 4.2. Bosniak classification of cystic renal masses

Category  Description Clinical Examples
I Uncomplicated cyst Simple cyst
II Wall calcification Simple cyst
Thin internal septa Renal abscess
Nonenhancing components
111 Thick, irregular calcification = Multilocular cystic
nephroma
Multiloculated lesions Necrotic renal carcinoma
Cystic renal carcinoma
Renal abscess
v Thick walls Renal cell carcinoma
Solid elements Xanthogranulomatous
pyelonephritis

Enhancing components Renal abscess
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show a large cluster of fluid-filled cysts (most between 5 and
10 cm in diameter) with highly echogenic stroma between
them. CT will confirm the US findings, with the septa show-
ing contrast enhancement. In adults, differential diagnosis
should include cystic renal carcinoma and chronic renal ab-
scess. As many as 5% of RCCs may resemble multilocular
cystic nephromas. In children, the differential diagnosis
should also include cystic Wilms’ tumor. In most cases, it
will not be possible to exclude clinically a cystic Wilms’
tumor, cystic or necrotic RCC, or cystic forms of sarcoma.
Therefore, surgical exploration and excision are usually
required.
b. Calyceal diverticula, occurring in 0.5% of the popula-
tion, are small diverticula arising from the tip of the calyx.
They are lined with transitional epithelium and communi-
cate with the collecting system. They are usually asympto-
matic, but the patient may present with hematuria, pain,
infection, or stone within the diverticulum. IVU or CT will
show a contrast-filled mass that arises from the tip of a calyx
or less commonly the renal pelvis. US can demonstrate a
cystic structure with or without debris or calculi. Treatment
depends on the size, location, and symptoms associated with
the lesion.
B. Malignant lesions. Approximately 5% to 10% of instances
of renal adenocarcinoma have a cystic appearance (Bosniak class
IIT or IV). Reasons for this include (a) cystic growth pattern (mul-
tilocular or unilocular), (b) cystic necrosis of a renal adenocarci-
noma, (c¢) tumor arising in a benign renal cyst, and (d) cyst
arising from ductal obstruction by tumor. The most common rea-
son (70%) is an intrinsically cystic growth pattern, sometimes
termed papillary cystadenocarcinoma. The diagnosis of a
malignant cystic lesion must be considered when a cyst does not
meet the criteria for a simple cyst. The radiologic criteria that
should raise suspicion for malignancy are discussed earlier. If a
combination of US and three-dimensional imaging by CT or MRI
is unable to make the distinction, then exploration and either
radical nephrectomy or partial nephrectomy are necessary.
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Instrumentation of the
Lower Urinary Tract

C. Charles Wen and Richard K. Babayan

The central role of endoscopy requires the practitioner to gain a
thorough understanding of urologic instrumentation. Technologic
advances such as flexible endoscopes and improved optics continue
to effect gradual changes in the design of urologic instruments.
Today’s instruments provide an excellent image displayed on color
monitors combined with much greater safety and comfort for the
patient. The following sections review some of the catheters, in-
struments, and techniques commonly used by urologists to visual-
ize and manipulate the lower urinary tract.

I. Urologic catheters and instruments
A. Catheters. Catheters are hollow tubes used to relieve uri-
nary retention, irrigate the bladder, instill medication or radi-
ographic contrast agent, obtain urine for examination, and
measure residual urine volume. Catheters are most commonly
calibrated according to the French (F) scale, in which each unit
equals 0.33 mm in diameter. A catheter designated 30F, for ex-
ample, has a diameter of roughly 10 mm.
1. The Robinson catheter (Fig. 5.1) is a straight catheter
used for short-term catheterization, as in measurement of
residual urine and instillation of medication, chemothera-
peutic agents, or contrast material into the urinary bladder.
The tip of the Robinson catheter is rounded, with one or two
drainage ports along the side. If a Robinson catheter is left
indwelling, it must be secured to the glans penis by suture
or tape.
2. The Foley catheter (Fig. 5.2) is a straight catheter with
a retention balloon near the tip. Several varieties are avail-
able. Foley catheters may have short- or long-nose tips, the re-
tention balloon ranges in size from 5 to 50 mL, the diameter
of the catheter ranges from 12 to 30F, and there may be two
or three lumina. Two-lumen catheters have one channel for
drainage and one for inflating the balloon. Three-lumen
catheters have an additional channel that allows for irrigation
to be infused into the bladder. Three-lumen catheters are used
most commonly when ongoing hematuria is expected, such as
after transurethral resection of the prostate (TURP). The bal-
loons can be overinflated, if necessary, to at least twice their
stated capacity without breakage. Silicon or silicon-coated
catheters are said to produce less tissue reaction and less en-
crustation than rubber catheters. They also have a larger
lumen diameter than catheters made of rubber and thus are
preferred by some for long-term indwelling catheterization.
3. The coude catheter (Fig. 5.2) is curved at the tip (hence
the name, the French word for “elbow”). A straight catheter
cannot always pass through a hypertrophied or high bladder
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neck. The curved shape of the coude catheter is designed to
guide it over the bladder neck. In addition, this specialized
catheter is slightly stiffer than the Robinson catheter. Coude
catheters are manufactured with and without retention
balloons.
4. The Pezzar catheter (Fig. 5.1) is self-retaining with a
mushroom-shaped tip. It is most commonly used for supra-
pubic cystotomy drainage. To avoid dislodgement, the catheter
should be secured to the skin by suture or tape.
5. The Malecot catheter (Fig. 5.1) is similar to the Pezzar
except that the drainage ports at the tip are wider. This may
be particularly useful when bloody fluids, such as from a
nephrostomy, are drained.
6. The whistle-tip catheter (Fig. 5.1) is a straight catheter
with a beveled opening at the tip and another opening in the
side. It provides better irrigation and drainage than the
Robinson catheter.
7. Councill catheters (Fig. 5.2) are similar to Foley cath-
eters, except that they have an opening at the end to allow
for use with a screw-tip (Councill) stylet or guide wire. This
type of catheter is most commonly used in bypassing a ure-
thral stricture or false passage. Councill catheters are es-
pecially useful when passage of any other type of catheter is
difficult. They are not used to dilate the urethra. The cath-
eter is passed into position over a previously placed guide
wire, or it can be used with a Councill stylet, which has a
male screw tip that fits through the perforation to engage a
filiform. After a stricture is dilated with filiforms and fol-
lowers, the Councill catheter and stylet are attached to the
filiform and guided into the bladder. The stylet and filiform
(or guide wire) are then removed through the lumen of the
Councill catheter.
8. Catheter stylets are malleable metal guides that, when
placed into a Foley or other type of catheter, can be used to
provide stiffness and shape. There are two type of stylets: one
with a blunt tip, used with a Foley catheter, and one with a
screw tip, used with a Councill catheter and filiforms. This
procedure is useful to accomplish passage through a urethral
stricture or tight bladder neck. Catheter stylets also may be
used following TURP to avoid undermining the bladder neck.
When a catheter stylet is used, the bladder should always be
full to avoid injuring the posterior bladder wall.
B. Dilators and bougies. Dilators and bougies are used to
calibrate or stretch the urethra to aid passage of large-caliber
instruments or in the treatment of urethral strictures. A large
variety of dilators are available, and the most common are de-
scribed below.
1. Van Buren sounds are solid metal sounds curved in
the shape of the male urethra (Fig. 5.3). Ranging in size from
16 to 40F, they are most commonly used for dilating urethral
strictures and for stretching the normal urethra to accom-
modate larger instruments.
2. Filiforms and followers are specialized instruments
for dilating urethral strictures. Filiforms are very thin, very
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pliable solid catheters ranging in size from 1 to 6F (Fig. 5.4).
They are made of solid plastic or have a woven fiber core with
smooth-coated surfaces. Filiform tips may be straight, pig-
tailed, or of the coude type. They have a female screw tip on
the proximal end to allow attachment of followers or a stylet.
The follower (Fig. 5.4) is made of material similar to that of
the filiform but of a larger caliber (12 to 30F), and it may be
solid or hollow. After introduction of the filiform into the
bladder, the follower is screwed onto the end of the filiform.
Both are advanced through the urethra into the bladder and
withdrawn to permit changing of the follower to a larger size.
The filiform always remains in the urethra as a guide for the
followers.

3. Coaxial dilators are based on the principle of using a
guide wire instead of a filiform for passage through a ure-
thral stricture. A flexible wire is passed into the bladder, and
progressively larger dilators are advanced into the bladder
over the wire. When passing dilators over a guide wire, it is
important to keep the wire taut to prevent the wire from
bending and the dilator from perforating the lumen. A vari-
ation is the balloon dilator, which is passed over a guide wire
and inflated at the area of the stricture.
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4. Bougies a boules (Fig. 5.3) are acorn-tipped calibrators
used to determine urethral and meatal size. They are available
in sizes ranging from 8 to 40F.

5. Female sounds are similar to Van Buren sounds but
are shorter in length and less curved or straight. Sizes range
from 14 to 40F (Fig. 5.3).

C. Diagnostic and operating instruments

1. Rigid cystourethroscopes (Fig. 5.5) are hollow metal
instruments designed for endoscopic observation and surgery.
Their sheaths range in size from approximately 8 to 26F.
These instruments have obturators that are inserted into
the sheath to aid passage into the bladder. Obturators can be
either solid or (preferred) direct vision types. Interchangeable
telescopes have fiberoptic lenses that allow a view ranging
from 0 to 120 degrees (Fig. 5.6).

The 0-degree (forward) lens is best for intraurethral work,
and the 30-degree (forward oblique) lens allows visualiza-
tion of either the urethra or the bladder (panendoscopy). The
70-degree (lateral) lens is used frequently for inspecting the in-
terior of the bladder, whereas the 120-degree (retrograde) lens
provides retrograde viewing of the bladder neck. The telescope
contains a fiberoptic light bundle; when connected to a light
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Fig.5.6. Various cystoscopic lens configurations.

source, this allows for illumination. Visualization is aided by
irrigating with fluid (usually sterile saline solution or water)
through special ports on the cystourethroscope sheath. Oper-
ating instruments such as biopsy forceps, cautery (Bugbee)
electrodes, laser fibers, and ureteral catheters can be passed
through the sheath. The Albarran (deflecting) bridge al-
lows for manipulation by deflection of flexible instruments
such as flexible biopsy forceps, guide wires, or laser fibers (Fig.
5.7). It utilizes a lever or wheel near the eyepiece to manipu-
late a small bar at the end of the device (Fig. 5.5).

2. Flexible instruments (Fig. 5.8) have been developed
over the last decade for cystoscopy, ureteroscopy, and nephros-
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copy. Their main advantage is that they are small in caliber
and can be used easily under local anesthesia in an outpatient
or office setting. Flexible instruments do not provide as clear a
view as rigid instruments do. Moreover, operative and diag-
nostic procedures are limited with the use of flexible instru-
ments by the capacity of the irrigating and working channels,
which is smaller than those in rigid instruments. The flexible
cystoscope is used most commonly in the office setting for rou-
tine diagnostic viewing of the bladder and urethra.

Video monitoring of endoscopic procedures has now be-
come commonplace (Fig. 5.9). Small, high-resolution color
cameras attach to the eyepiece of the endoscopes and allow
real-time projection on large television monitors in the oper-
ating room. This is invaluable for both teaching and allowing
an assistant to share the operator’s view. Video monitoring of
endoscopic procedures offers several distinct advantages: (a) a
standing, comfortable position; (b) magnified, binocular vision;
and (c) greater eye protection from blood and irrigating fluid.

D. Percutaneous cystostomy trocars. If the bladder can-
not be entered through the urethra, a percutaneous cystostomy
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tube can be placed into the distended bladder. The technique of
percutaneous cystostomy is described later. The following types
are available:

1. The Hurwitz type of trocar consists of a large-bore metal
sheath around a sharp, solid obturator. This permits place-
ment of a standard Foley type of catheter into the bladder.

2. The Stamey trocar places a Malecot catheter into the blad-
der (Fig. 5.10).

3. The Argyle catheter uses a Foley-type balloon catheter,
which also has an irrigating port.

4. The Cystocath is an 8 or 12F simple tube retained in the
bladder by means of a flange glued and sutured to the supra-
pubic skin.

5. The Rusch trocar has a peel-away sheath that allows
placement of a Foley catheter through it. After the trocar
and sheath are inserted into the bladder, the trocar is re-
moved and replaced by a Foley catheter. After the balloon is
inflated, the outer sheath can be peeled away, leaving only
the catheter.

II. Clinical applications
A. Catheterization technique. Catheterization kits gener-
ally contain sterile gloves, sterile paper towels, sterilizing solu-
tion, lubricating jelly, a syringe filled with 10 mL of water, and
a container for bacteriologic specimens packed in a large plastic
basin. Some kits also provide a catheter (Robinson or Foley type)
as well as an irrigating syringe. A drainage bag, generally not
provided, must be obtained before the procedure is begun if
long-term catheterization is expected.
1. Male patients. With the patient supine, legs partially
abducted, the catheterization kit is opened and the gloves put
on. The sterile towels are used to drape the penis. The steril-
izing solution, lubricating jelly, and catheter should be pre-
pared before the patient is touched with the gloves. The penis
is grasped gently behind the glans with one hand, and slight
upward traction is applied to straighten the urethra. The
glans and penile shaft are cleansed around the meatus with
the opposite hand. If desired, urethral anesthesia may be ob-
tained by instilling 10 mL of 1% to 2% lidocaine jelly through
the meatus. Lack of patient allergy to lidocaine should be con-
firmed first, and 5 minutes should be allowed for the anes-
thetic effect. The catheter, well lubricated, is inserted into the
urethral meatus and gently advanced until almost the entire
catheter is inside the urethra. If the patient is uncircumcised,
care should be taken to replace the foreskin over the glans to
prevent paraphimosis. Force should never be used in urethral
catheterization. If the catheter does not enter the bladder eas-
ily, the most likely cause is spasm of the external sphincter,
followed by urethral stricture or bladder neck obstruction. Pro-
static enlargement rarely prevents the passage of a catheter.
If urine is not obtained or there is doubt regarding the position
of the catheter, the catheter balloon must not be inflated be-
cause this may cause severe urethral trauma or rupture.
a. External sphincter spasm may be overcome by reas-
suring the patient, using large amounts of lubricant, telling
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the patient to take a deep breath, and applying minimal
steady pressure against the sphincter with the catheter
until sphincter fatigue occurs. If a patient is particularly
anxious, between 5 and 7 mL of 1% to 2% viscous lidocaine
can be introduced into the urethra. Intravenous or oral se-
dation with diazepam is very rarely required.
b. Ifdifficult catheterization is encountered in a patient
known or suspected to have urethral stricture, retrograde
urethrography should be carried out to assess the urethra
(see Chapter 2). In clearly impassable strictures, percu-
taneous suprapubic cystotomy is indicated for temporary
relief of urinary retention.
c. Bladder neck obstruction is often the cause of diffi-
culty in passing a urethral catheter. The coude catheter or
catheter stylet is especially useful to guide the catheter over
an enlarged median lobe, for example, and the risk for trau-
matizing the urethra with a straight catheter is avoided.
2. Female patients. Catheterization of female patients is
usually quite simple. With the patient supine, legs abducted,
and knees flexed, the catheterization kit is prepared as de-
scribed previously. After the sterile gloves are put on, the left
hand is used to spread the labia majora to expose the ure-
thral meatus. The meatus and introitus are cleansed with
sterilizing solution, and the lubricated catheter is introduced
into the urethra. Once urine is obtained from the bladder, the
Foley balloon is inflated. If the urethral meatus is not obvi-
ous on initial examination, it can usually be easily exposed
by placing a finger in the vagina and depressing the posterior
wall of the vagina posteriorly.
3. Children. Catheterization in female children is similar
to that in female adults except that the catheters used are in
the 8 to 12F range. In male children, some prefer to use an
8F feeding tube rather than a Foley catheter because the
Foley catheter balloon is somewhat larger than the catheter
itself, making it difficult to pass. Also, the lumen of the feed-
ing tube is larger than that of the Foley, making drainage
more efficient.
B. Endoscopic diagnosis
1. Cystourethroscopy, also called panendoscopy, is the
endoscopic examination of the urethra and bladder.
a. Indications and contraindications. Indications for
cystourethroscopy include (a) hematuria; (b) follow-up of
lower urinary tract cancer; (c) need to obtain anatomic
information regarding the bladder, prostate, or urethra; or
(d) need to obtain access to the lower or upper urinary tract.
The major contraindication is genitourinary infection,
especially acute cystitis and prostatitis, as instrumentation
in this setting may precipitate urosepsis.
b. Precautions. Patients with valvular cardiac disease or
artificial heart valves should be protected from bacteremia
with antibiotic prophylaxis. The American Heart Associa-
tion recommends the following regimen: 1 hour before in-
strumentation, 2 g of ampicillin and 1.5 mg of gentamicin/kg
of body wt are given, both agents either intramuscularly or
intravenously. Eight hours after instrumentation, the dose
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is repeated. If penicillin allergy is present, vancomycin is
started at 1 hour before instrumentation; 1 g IV is given over
60 minutes, and 1.5 mg of gentamicin/kg IV or IM is given.
Eight to 12 hours after instrumentation, administration of
both antibiotics is repeated. Adequate renal function should
be confirmed by determination of creatinine clearance be-
fore antibiotics are administered.
c. Sterilization of instruments. Sterilization of endo-
scopic equipment cannot be achieved by heat or steam
because these methods damage the optical systems. Alter-
native methods commonly used include soaking in 2% glu-
taraldehyde (“cold” sterilization) or exposing the equipment
to ethylene oxide (“gas” sterilization). Twenty minutes of
exposure to glutaraldehyde solution kills all bacterial or-
ganisms, spores, fungi, and viruses. The glutaraldehyde so-
lution is rinsed from the instruments with sterile saline
solution or water before the patient undergoes instrumen-
tation. Ethylene oxide sterilization is equally effective but
requires 24 hours of aeration to remove the agent before the
instrument is used. Recently, automated sterilizing systems
employing exposure to warm peracetic acid (e.g., Steris)
have become popular as well.
d. Technique. Most lower tract endoscopies in adults can
be carried out using 1% to 2% intraurethral lidocaine (Xylo-
caine) for local anesthesia in an office or outpatient surgical
setting. Pediatric cystoscopy requires general anesthesia.
The smallest instrument consistent with the objectives of
the procedure should be selected.
(1) Rigid instruments. In both male and female pa-
tients, the cystourethroscope may be passed blindly into
the bladder with the solid obturator or, preferably, under
direct vision with the visual obturator and a 0-degree lens.
Urine obtained when the bladder is entered should be
sent for bacteriologic culture. If the patient has a history
of genitourinary malignancy, urine should be sent for cy-
tologic examination. In male patients, the 30-degree lens
provides good visualization of the pendulous, bulbous, and
prostatic portions of the urethra. With the instrument lo-
cated at the verumontanum, the extent of prostatic en-
largement and the patency of the bladder neck can be
assessed. In female patients, the 30-degree lens permits
visualization of the urethral mucosa. After the instru-
ment is passed through the bladder neck, the trigone and
ureteral orifices can be visualized. Examination of the
bladder interior is facilitated by exchanging the 30-degree
lens for the 70-degree lens. Systematically examining the
entire surface of the bladder mucosa, the endoscopist
notes any tumors, stones, trabeculation, or diverticula. In-
flammatory changes and bladder capacity should also be
noted. In fact, the results of endoscopic procedures should
never be described as “normal,” as this provides no infor-
mation to subsequent examiners. All aspects of the proce-
dure should be noted in detail in the operative report. At
the conclusion of the examination, the bladder should be
emptied and the cystoscope removed.
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(2) Flexible cystoscopy. The flexible cystoscope is
passed in the same way as a Foley catheter while the
lumen is observed through the instrument. The instru-
ment is torqued to obtain a view of the entire bladder
mucosa, trigone, and ureteral orifices. The view of the
prostatic urethra is not as clear as with rigid instru-
ments, but a general impression of the prostatic size can
be obtained.
2. A mucosal biopsy is indicated for any mucosal lesion
within the bladder or urethra in which tumor is suspected.
This procedure can be accomplished endoscopically by using
either rigid or flexible biopsy forceps. The rigid biopsy forceps
cleanly removes tissue samples of up to 5 mm in diameter;
however, some areas of the bladder are difficult to reach with
the rigid forceps, such as the dome and anterior wall. The flex-
ible biopsy forceps are available in sizes ranging from 5 to 9F.
Although the size of the tissue fragment obtained usually is
<2 mm with the flexible forceps, all areas of the bladder are ac-
cessible. Fulguration can be achieved by using flexible Bugbee
electrodes. The electrodes are manipulated with the Albarran
bridge to control minor bleeding from biopsy sites or destroy
small bladder tumors.
3. Ureteral catheterization is a basic technique used for
retrograde pyelography, intubation of the ureter for short-
term or long-term drainage of the upper urinary tract, and
brush biopsy. Ureteral catheters range in size from 4 to 10F
and have various tips such as the whistle tip, cone tip, and spi-
ral tip (Fig. 5.6). Ureteral catheters designed for long-term
drainage, called ureteral stents, incorporate some method of
fixation within the ureter (e.g., the “double-J” stent). The whis-
tle tip is used primarily for short-term drainage but can be
used for contrast studies as well. The cone or bulb tip is ideally
suited for retrograde pyelography. The spiral tip is designed to
intubate an angulated orifice. The ureteral orifice is located by
reference to the interureteric ridge.
C. Miscellaneous procedures
1. Percutaneous cystostomy is a useful method of drain-
ing the bladder when intraurethral access is not available.
The various types of cystostomy trocars were described previ-
ously. The skin is anesthetized with 1% to 2% intradermal
and subcutaneous lidocaine. With a no. 11 blade, a small in-
cision is made in the skin and anterior rectus fascia. The lo-
cation of the full bladder is then confirmed by aspirating urine
through a long spinal needle or by ultrasound (US). The tro-
car is then advanced between the rectus muscles in a slightly
caudal direction and into the distended bladder. When urine
is obtained, the stylet can be removed. If the cystostomy tube
does not irrigate freely, a cystogram should be obtained to
confirm its location within the bladder. Percutaneous cys-
tostomy is contraindicated in the presence of surgical scars in
the suprapubic area because small bowel may be interposed
in the retropubic space. If necessary, the procedure may be
performed under US guidance. If the bladder is not distended
sufficiently to permit blind trocar cystostomy, the long spinal
needle may be used to fill the bladder with saline solution be-
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fore trocar cystostomy is performed. After successful percuta-
neous cystostomy, the tube is connected to a urinary drainage
bag and secured to the skin with a flange, tape, or suture.
2. Needle biopsy of the prostate is indicated in the eval-
uation of any prostatic nodule or indurated area or in cases of
an unexplained elevation of the serum prostate-specific anti-
gen level. Access to the prostate is most commonly via the
transrectal route using US guidance. If using the perineal ap-
proach, the use of local anesthesia in the perineal skin is re-
quired. The tip of the biopsy needle is guided into the prostate
by the examiner’s finger in the rectum or by transrectal US.
At least six cores of tissue from different parts of the gland
should be taken for examination. Patients should receive
broad-spectrum antibiotics within 4 hours of the procedure
and for 24 hours afterward. The quinolone antibiotics may be
useful in this setting.
3. Perineal urethrostomy is sometimes required for trans-
urethral access to the prostate when the caliber of the urethra
is inadequate or occasionally if the patient has had a penile
prosthesis placed in the past. With the patient under general
or spinal anesthesia in the dorsal lithotomy position, a Van
Buren sound is placed in the urethra with the tip in the blad-
der. The handle of the sound is moved toward the patient’s ab-
domen to place the bulbous urethra on tension. With a surgical
blade, the perineal skin is incised vertically for 2 to 3 cm over
the bulbous urethra. The incision is deepened until the sound
is encountered. The urethral mucosa is fixed to the perineal
skin with sutures, and the transurethral instruments are
passed through the urethrostomy into the bladder.

D. Complications of endoscopic procedures include bleeding,

perforation, infection, urinary retention, and urethral stricture.
1. Minimal bleeding or hematuria is quite common fol-
lowing instrumentation in male patients and usually clears
spontaneously within the first 24 hours. The patient should be
advised to maintain a high fluid intake to promote diuresis
and prevent formation of obstructing clots. Endoscopy and
evacuation of clot are indicated to control bleeding that does
not clear within 24 hours.
2. Perforation of the urethra or bladder can occur, espe-
cially when excessive or poorly directed force is used to in-
troduce a urethral instrument. The diagnosis is made by
retrograde urethrography. If minimal extravasation is pre-
sent, antibiotic coverage and urinary drainage for 1 or 2 days
are usually sufficient treatment. If major extravasation into
the perineum or scrotum has occurred, drainage of the fluid
collection may be necessary. Perforation of the bladder is rare
but can occur. The most common location of bladder perfora-
tions is at its weakest point, the dome. A cystogram should
be obtained to determine whether the perforation is intra-
peritoneal or extraperitoneal. Extraperitoneal perforations
generally can be managed by bladder drainage (urethral or
suprapubic). Intraperitoneal perforations can be managed
with surgical exploration to rule out injury to the bowel or
other organs, closure of the perforation, and suprapubic di-
version. Some intraperitoneal perforations occurring after
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transurethral surgery may be managed nonoperatively with
1 week of broad-spectrum antibiotics and 2 weeks of urethral
catheterization, provided that the urine remains clear and
uninfected and the patient remains stable.

3. Infection is a well-known complication of urethral in-
strumentation. Bacteriuria occurs in approximately 2% of pa-
tients after cystoscopy. Bacteremia and sepsis (“urethral
chill”) occur rarely following routine cystoscopy and urethral
dilation, but they should be anticipated if purulent urine or
an abscess is encountered. Patients at risk for endocarditis
should receive prophylaxis as previously described.

4. Acute urinary retention may develop following instru-
mentation of men with prostatic enlargement. Following
short-term catheter drainage, many patients resume the void-
ing pattern they had before instrumentation.

5. Urethral strictures may develop as a late complication
after instrumentation, most commonly at the meatus or bul-
bous urethra.

SUGGESTED READING

Bloom DA, McGuire EJ, Lapides J. A brief history of urethral
catheterization. J Urol 1994;151:317-325.

Candela JV, Bellman GC. Ureteral stents: impact of diameter and
composition on patient symptoms. J Endourol 1997;11:45-417.

Harry W, Herr S, Machele D, et al. Correlation of cystoscopy with his-
tology of recurrent papillary tumors of the bladder. o Urol 2002;
168:978-980.

Hofbauer J, Hobarth K, Marberger M, et al. Lithoclast: new and in-
expensive mode of intracorporeal lithotripsy. J Endourol 1992;6:
429-432.

Matthias A, Reuter HJ. The development of the cystoscope. J Urol
1998;159:638-640.

Pansadoro V, Emiliozzi P. Internal urethrotomy in the management
of anterior urethral strictures: long-term follow-up. J Urol 1996;
156:73-75.

Razvi HA, Song TY, Denstedt JD, et al. Management of vesical calculi:
comparison of lithotripsy devices. J Endourol 1996;10:559-563.
Te AE, Santarosa R, Kaplan SA, et al. Electrovaporization of the
prostate: electrosurgical modification of standard transurethral
resection in 93 patients with benign prostatic hyperplasia. J En-

dourol 1997;11:71-75.



Upper Tract Instrumentation
and Visualization

Luke M. O’Connell and Richard K. Babayan

Miniaturization in optics and electronics has led to the develop-
ment of instruments that can be used to access the upper urinary
tract in retrograde or antegrade fashion. Ureteroscopy can now be
performed with minimal trauma to the ureter, and upper tract
pathology such as stones, tumors, or strictures can be treated en-
doscopically. The following chapter will give a brief overview of the
tools used in upper tract instrumentation. A detailed description
of specific techniques is beyond the scope of this manual, but some
basic techniques will be discussed.

I. Retrograde ureterography involves opacification of the
ureters and renal collecting system with radiologic contrast and
visualization by fluoroscopy. Retrograde ureterograms are always
performed prior to upper tract instrumentation to define the
anatomy of the collecting system and provide a roadmap for the
urologic surgeon. Filling defects within the ureters or the collect-
ing system of the kidney may represent stones or tumor. Stric-
tures can be identified by a narrowing of the normal caliber of the
collecting system. Contrast agent is injected into the collecting
system through various catheters designed to intubate the ureter.

A. Open-ended and whistle-tip catheters (Fig. 6.1) come in
various sizes, usually 5 or 6F in diameter, and have a blunt tip.
They are passed through the cystoscope and into the ureteral ori-
fice. Contrast agent is then injected through the catheter to
opacify the ureter. Urine specimens can be obtained from the
upper tract for cytologic examination by gently instilling saline
through the catheter and allowing the urine to drip out through
the catheter into a collection container. A brush biopsy can also
be passed to obtain material for cytology. Guide wires can be
passed through the open-ended catheter and left within the
ureter. The open-ended catheter can also be passed over a guide
wire to the level of the renal pelvis and left in place if desired.
B. Cone-tip catheters (Fig. 6.1) have a conical bulb at the
most distal end, which can be placed just within the ureteral
orifice. The cone-tipped end occludes the orifice and allows con-
trast to be injected up the ureter without flowing back into the
bladder. Placement of the catheter just within the ureteral ori-
fice ensures that the entire ureter will be visualized, including
the short intramural portion adjacent to the bladder.

C. Spiral-tip catheters (Fig. 6.1) catheters may be useful in

various circumstances such as bypassing a false passage or

ureteral stone.
II. Intubating or accessing the ureter requires the coordi-
nated use of multiple instruments and techniques.

A. Guide wires are fundamental to many techniques and in-

struments. They are available in many varieties, but all have
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Fig. 6.1. Various ureteral catheters for retrograde pyelography and
brush biopsy.

the same basic principle: They have a soft, flexible tip followed
by a stiffer body. The flexible tip allows for atraumatic passage
through the ureteral orifice and the ureter. The flexible tip can
be maneuvered around kinks or obstructions within the ureter
without perforating it. Gentle introduction is still required as
even the most flexible tipped wires can perforate the ureteral
wall if not carefully introduced. The stiffer body of the wires will
serve to straighten the ureter and ease instrumentation of the
upper tract. The most commonly used guide wires are 0.035 and
0.038 inches in diameter. These sizes can be passed through the
working ports of adult-sized cystoscopes and ureteroscopes.
B. Glide wires have a specialized coating that, when wet,
makes them very slippery. While this slick coating can make
them more difficult to handle, they oftentimes will slide by ob-
structions in the ureter more easily. Once a glide wire has been
passed up to the renal pelvis, an open-ended catheter can be in-
troduced over the glide wire, the glide wire removed, and a reg-
ular guide wire passed up the open-ended catheter and curled
within the pelvis. The open-ended catheter is then removed
while the guide wire remains in place as a safety wire during
any further manipulation. The regular guide wire is easier to
work with and less likely to slip out during manipulation. Some
wires have angled tips, which can facilitate accessing a diffi-
cult ureteral orifice or bypassing a ureteral obstruction such as
a stone.
C. Ureteral access sheaths have seen a resurgence in recent
years. The sheath offers the advantage of continuous access to
the ureter. The uteroscope can be inserted and withdrawn at
will without the bother of finding and accessing the ureteral
orifice. This results in less trauma to the orifice and the scope.
Another advantage is continuous flow of irrigant down the
sheath, which prevents overdistension of the upper tract and
bladder and allows outflow of fragments when dealing with
stones.

1. Characteristics. The first-generation sheaths were

somewhat bulky, stiff, and often difficult to pass. They also
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had a tendency to kink. The new-generation sheaths have a
lubricious coating much like a glide wire that makes them
very slick and easier to pass. The bodies are flexible but re-
sistant to kinking, and this allows them to be passed though
the prostatic urethra or bladder neck or over the iliac vessels
while maintaining an open lumen though which instruments
can be passed. The obturator within the sheath has a tapered
end that will gently dilate the ureteral orifice and obviate the
need for balloon dilatation of the orifice. The inner cannula of
the sheath tapers up to 12F, and the sheath itself is 14F in
diameter.
2. Technique of introduction. After introducing the guide
wire into the ureter, the cystoscope is removed and the wire
left in place. Under fluoroscopic guidance, the ureteral access
sheath is passed over the wire and up the ureter. The progress
of the sheath must be monitored by fluoroscopy to ensure that
it does not coil within the bladder but instead travels up the
ureter. Once within the ureter, the inner cannula of the sheath
is removed and instrumentation can ensue. The guide wire can
be left in place and instruments passed alongside it through
the access sheath. The proper length sheath should be selected
(20, 28, 35, and 55 cm) depending on the level of the upper
tract that one needs to access (Fig. 6.2).
D. Balloon dilators are used to dilate the ureteral orifice for
subsequent ureteroscopic instrumentation or to dilate strictures
within the ureter. They are dual-lumen ureteral catheters that
can be passed over a guide wire into the appropriate position in
the ureter. The second channel is then used to inflate the bal-
loon at the catheter tip. Contrast material is injected into the
balloon under fluoroscopic guidance, and the area to be dilated
is seen as a waist in the filling balloon. When the waist expands,
the balloon is deflated and the catheter removed. Instruments
can then be passed readily through the dilated ureteral orifice.
E. Ureteroscopes are semirigid or flexible.
1. Semirigid ureteroscopes are usually 7.5F in diameter
(but vary from 6 to 12F) and have two channels: 2.5 and 3.5F
in size. Different lengths (34 to 43 cm) are available depend-
ing on the level of the ureter. The shaft of the ureteroscope is
solid but has some flex to it to allow manipulation up the
ureter. Some flex is required to get over the bladder neck and
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Fig. 6.2. Ureteral access sheath with 14F sheath and obturator.
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into the ureteral orifice and then to maneuver over the iliac
vessels. The channels are used for irrigation and instrumen-
tation through the scope. Initially, it is better to run the irri-
gation through the 3F channel to allow for better visualization.
When the area of interest is reached, the irrigant can be
switched to the 2F channel, thus freeing the 3F channel for the
necessary instruments. Irrigant flow can be increased by using
a pressure bag or by connecting a single-action pumping
system, which allows the operator to withdraw fluid into a sy-
ringe and then pump that fluid through the ureteroscope in
one single maneuver. Given the narrow channel through
which the irrigant is flowing, these delivery systems are some-
times necessary to provide the flow required for visualization.
The semirigid ureteroscopes are useful for pathology from the
renal pelvis down to the ureterovesical junction. These regions
can be reached without significant angulation of the tip of
the scope.
2. Flexible ureteroscopes are useful when access to the
calyces of the kidney is required or the semirigid scopes can-
not be passed over the iliac vessels or through a particular
angulation in the ureter. The flexible ureteroscope is similar
to the flexible cystoscope but narrower. The flexible uretero-
scope generally has a 7.5F diameter like the semirigid (also
varying from 7.5 to 12F), but the tip can be angled with ma-
nipulation of the thumb lever. Typically, the tip can be de-
flected in the range of 120 degrees posteriorly and 180 degrees
anteriorly. This allows the operator to manipulate the scope
into any of the renal calyces to fragment and extract stones
or ablate a tumor. The flexible tip can be used to bypass an
excessively angulated ureter through which the semirigid
scope cannot be passed. The flexible scopes are about 70 cm
long, allowing plenty of length to operate up in the kidney.
They have a 3.5-cm working channel through which instru-
mentation can be passed, but this is also the channel through
which the irrigant flows, so visualization is often decreased
when instruments are passed (Fig. 6.3).
3. Ureteroscopic instruments of many different types
have been developed.
a. Astone basket is along wire from 1.5 to 3.5F that can
be passed through the working channel of the ureteroscope.
The handle of the instrument slides back and forth to open
and close the basket. The baskets are available in spiral or
helical arrangements. The baskets can be manipulated
around a stone or stone fragment and then closed, captur-

1st deflection

2nd deflection

Fig. 6.3. Double-deflecting flexible ureteroscope.
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ing the stone within the basket. The entire ureteroscope is
then removed, with the basket held in the closed position to
remove the stone. Care must be taken on withdrawing the
stone or fragment to ensure that it is not too large to pass
through the ureter. If too much force is applied, the ureter
can be stripped. If the stone cannot be extracted easily, it
should be released and further fragmented into smaller
pieces that can then be removed safely. Tipless baskets
can be opened within the calyces themselves and allow
stones within the calyces to be removed.
b. Ureteroscopic biopsy forceps and grasping for-
ceps are also available. These can be useful for obtaining
tissue from the ureter or renal pelvis for pathologic exam-
ination.
c. Laser fibers are thin, fairly flexible fibers that can be
easily passed through the ureteroscope. The holmium
laser is becoming the main instrument for stone fragmen-
tation or tissue ablation in the upper urinary tract. The laser
fiber is available in several different sizes, but for upper
tract work, the 365-um fibers are the most commonly used.
The laser fiber is placed directly on the stone to be frag-
mented or the tissue to be ablated, and the laser is activated.
When a stone has been broken into small pieces, these can
be removed with a basket. The laser can also be used to in-
cise strictures within the ureter.
d. Electrohydraulic lithotripsy uses a spark to gener-
ate a shock wave that can fragment stones. This technique
has a greater potential for ureteral injury as the shock
wave can easily disrupt the ureteral mucosa if care is not
taken. The probes for electrohydraulic lithotripsy come in
various sizes, but the 1.6 to 3.0F sizes are commonly used
with the ureteroscopes.
e. Ultrasonic lithotripsy is most often used in percu-
taneous procedures to deal with large renal stones through
a nephroscope. However, there are probes that have been
designed for use through a ureteroscope. Ultrasound pro-
duces high-frequency vibration of the probe, a thin, hollow
tube. The probe is placed against the stone, and the vibra-
tions break up the stone. Suction is generally applied to the
end of the probe, and fragments can be extracted through
the hollow core.
F. Aureteral stent is any catheter that allows urine to drain
from the renal pelvis into the bladder. Ureteral stents are gen-
erally placed to allow for continued drainage of the upper tract
should there be some edema of the ureter after manipulation.
Stents can also be used to promote drainage during ureteral
healing if a perforation occurred during the procedure. In the
case of obstruction by a stone or an extrinsic ureteral process
impinging on the ureteral lumen, stents can be used for de-
compression of the upper tract. Ureteral catheters described
above can be used to divert the urine, but these are very prone
to downward migration. Also, they exit through the meatus, a
situation that can be cumbersome if they need to be left in-
dwelling for any period of time. Indwelling ureteral stents have
the advantage of being fully within the body so they are not
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troublesome to the patient. The most common stent is the
double-dJ ureteral stent. This stent curls proximally within the
renal pelvis to hold it in proper position and then curls at its
distal end within the urinary bladder to prevent proximal mi-
gration. The stents come in various diameters from 5 to 8F and
various lengths from 20 to 28 cm. Different lengths are used de-
pending on the size of the patient. Newer stents have been de-
veloped recently that are basically one-size-fits-all. These stents
have extra coils proximally that can unwind as needed for
longer ureteral lengths.

ITI. Ureteroscopy is performed for either diagnostic or thera-
peutic purposes. The ureteroscope allows direct visualization of
the urothelium of the upper urinary tract and may be used to re-

SO

lve questions such as a radiologic filling defect or an abnormal

urinary cytology localized to one ureter. Therapeutically, the
ureteroscope may be used to deal with problems such as stone,
tumor, or stricture within the upper tract. Ureteroscopy entails
risk, and ureteroscopic procedures should be done in a manner
that ensures maximum protection to the ureter.

A. Placing the safety guide wire. The initial step is to per-
form cystoscopy and retrograde ureterography. Once the upper
tract has been evaluated by retrograde pyelogram, a guide wire
is passed through the cystoscope and up the ureter to the renal
pelvis. This is done under direct cystoscopic vision within the
bladder and fluoroscopic guidance to follow the progress of the
guide wire as it traverses the ureter. The cystoscope is positioned
in close proximity to the ureteral orifice to be cannulated. The
guide wire is passed through the cystoscope until the tip is visi-
ble through the cystoscope lens. With the cystoscope angled so
that the wire will follow the approximate direction of the intra-
mural ureter, the guide wire is gently advanced. With use of flu-
oroscopy, the wire can be followed as it travels up the ureter to
the renal pelvis. The cystoscope should be kept in close proxim-
ity to the orifice so the wire does not coil within the bladder. If
difficulty is encountered in aiming the wire toward the ureteral
orifice, an open-ended ureteral catheter can be passed through
the scope and the wire through the open-ended catheter. This
often gives the wire more stability and eases introduction into
the orifice. Once the wire is curled within the renal pelvis, the
cystoscope can be removed, leaving the wire in place. Taking
apart the cystoscope and removing the lens while leaving the
sheath in place allow the operator to hold the wire in place and
avoid pulling the wire out as the cystoscope is withdrawn. The
sheath can then be removed while advancing the wire and ob-
serving the wire in the pelvis with fluoroscopy to ensure it is not
pulled out. This wire is now snapped to the drapes and will re-
main throughout the procedure as the safety wire.

B. Accessing the ureter. If a ureteral access sheath is to be
used, this is now passed over the wire as previously described.
If no sheath is to be used, a balloon dilator can be passed over
the wire, if necessary, to dilate the ureteral orifice.

C. Passing the ureteroscope. The ureteroscope is now con-
nected to the light source, and, if desired, the camera and the ir-
rigant are attached. The ureteroscope should be properly focused
prior to its introduction into the genitourinary tract as focusing
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after passing the scope is often difficult. The ureteroscope is
passed gently under direct vision through the urethra and into
the bladder. Once within the bladder, the ureteral orifice is lo-
cated. This can be facilitated by following the safety wire that is
already in position. The wire is best located as it traverses the
bladder neck and then simply followed to the ureteral orifice. The
ureteroscope is then passed into the orifice, and the wire is fol-
lowed up the ureter. If there is some difficulty in cannulating the
ureter with the ureteroscope, it can be helpful to pass a second
wire through the ureteroscope and into the ureter. This wire can
then be followed directly up the ureter.

D. Removing the ureteroscope. At the end of the uretero-
scopic procedure, the ureteroscope is removed from the ureter
under direct vision. Care should be taken not to drag the safety
wire out of the ureter with the ureteroscope.

E. Placing the ureteral stent. The safety wire is still in po-
sition and may be used to place a ureteral stent. The stent can be
passed directly over the guide wire without cystoscopic guidance,
or the cystoscope can passed back over the wire into the bladder
by backloading the wire through the cystoscope. If the stent is to
be passed without the cystoscope, the progress of the proximal
end of the stent is followed under fluoroscopy. As the stent is ad-
vanced, the surgeon must make sure that it passes into the
ureteral orifice and up the ureter without coiling within the blad-
der. As the stent is passed up into the renal pelvis, countertrac-
tion is held on the wire so that it remains in position and does not
advance with the stent. Once the proximal end of the stent is
within the renal pelvis, the guide wire can be withdrawn par-
tially to allow the proximal end of the stent to curl within the
pelvis. The fluoroscopy unit is now moved down to the bladder
to properly position the distal end of the stent. The distal end of
the stent is pushed up to the symphysis pubis with the pusher.
The radiopaque band on the end of the pusher indicates where
the end of the stent is located. In men, the end of the stent is ad-
vanced to the level of the upper border of the pubic symphysis,
and in women to the lower border of the symphysis. The stent is
then held in this position with the pusher as the guide wire is
withdrawn. When the floppy tip of the wire is withdrawn into the
bladder, the distal end of the stent will start to curl. The wire and
the pusher are then removed. For uncomplicated ureteral proce-
dures, the stent can be removed in 24 to 72 hours. If a ureteral
perforation occurred, the stent should be left for 2 weeks and an
imaging study obtained prior to removal to confirm healing. This
can be either an intravenous pyelogram or a retrograde uretero-
gram done at the time of stent removal.
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Urodynamic Studies

C. Charles Wen and Mike B. Siroky

Urodynamic studies include any objective assessment of lower
urinary tract function that provides clinically useful information.
Such studies include measurements of pressure, flow, and elec-
tromyographic potentials and may or may not include radio-
graphic examinations. It is ideal if the patient’s symptoms can be
reproduced during the urodynamic examination, but this is not
always possible. It is also useful to ask patients whether the func-
tion observed during urodynamic examination approximates
their usual voiding pattern. Urodynamic testing is most useful
when used in conjunction with a proper history, physical exami-
nation, and other tests to arrive at an accurate diagnosis.

I. The cystometrogram measures intravesical pressure dur-
ing passive filling and active contraction (Fig. 7.1). Ideally, three
pressures are measured: the intravesical pressure, the abdominal
pressure, and the detrusor pressure, which is the difference be-
tween the first two pressures. This allows for differentiation be-
tween abdominal and detrusor events. The filling fluid may be
either saline solution, water, radiographic contrast medium, or
carbon dioxide. Cystometry may be considered a provocative test
of bladder function wherein filling (stretch) is the stimulus and
detrusor contraction is the evoked response. During cystometry,
observations are made regarding bladder capacity, sensation,
compliance (the slope of the filling curve), and detrusor contrac-
tion and stability.

A. Technique of cystometrography

1. The patient should be in the supine position.

2. The patient’s meatus and perimeatal area are prepped in
the usual fashion and a 14 or 16F Foley urethral catheter in-
troduced. A rectal balloon catheter is inserted if abdominal
pressure is to be measured.

3. Pressure transducers are aligned vertically with the pa-
tient’s pubic symphysis, the lines flushed free of air bubbles
with normal saline, and the transducers zeroed to atmospheric
pressure. The transducers should be tested with a cough that
should relay a pressure spike to both the abdominal and the
vesical pressure channels nearly equally.

4. Filling should proceed at a rate of 50 mL/min (medium fill).
5. The patient should be asked to relay the following sensory
information during filling: the first sensation of filling, the first
urge to void, a strong urge to void, and maximum capacity.

6. When a contraction occurs, infusion should be stopped. If
leakage occurs around the catheter, gentle traction on the
Foley catheter or manual occlusion of the penile urethra will
allow maximum intravesical pressure to develop. Once peak
pressure develops, the patient should be asked to inhibit the
contraction to test for detrusor instability of hyperreflexia. The
catheter is then opened to the atmosphere, and the bladder is
drained.
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Fig.7.1. Idealized cystometric curve showing important parameters,
including sensation reported by patient, detrusor contraction, and
definition of compliance.

7. The cystometrogram may be part of radiologic studies
such as a voiding cystourethrogram or other urodynamic tests
such as uroflowmetry and postvoid residual measurement.
B. Characteristics of the cystometrogram
1. Filling phase. The normal cystometrogram during the
filling phase is nearly flat, demonstrating little increase in
pressure with increasing bladder volume. The characteristics
of this portion of the cystometrographic curve depend pri-
marily on the physical properties (compliance) of the blad-
der wall. Increased bladder compliance may reveal itself as a
large-capacity bladder with little or no increase in pressure
with filling. It can be seen after chronic urinary retention due
to any cause. With decreased bladder compliance, pressure
rises steadily with filling. Possible causes include chronic in-
flammation, radiation cystitis, interstitial cystitis, and blad-
der carcinoma. A steep filling curve may be due to a low-grade
contraction or poor compliance. These can be differentiated by
stopping bladder filling. If the pressure stops rising or dips
slightly, this likely represents a poorly compliant bladder.
2. Bladder sensation. The great majority of normal per-
sons report a sensation of filling at a bladder volume between
100 and 300 mL. This sensation is followed by an urge to void
that is distinct from the filling sensation. Sensory abnormal-
ities include absence of filling sensation and urge to void.
Discomfort and urgency at low volumes are typical of in-
flammatory conditions such as lower urinary tract infections,
radiation cystitis, and interstitial cystitis.
3. Contraction phase. Detrusor activity during cystome-
try represents an isovolumetric contraction because little or
no leakage is permitted. The normal contraction is a relatively
rapid and sustained rise in pressure to a peak of 60 to 120 cm
H,0. Normal persons are aware of an urge to void before the
contraction and can suppress the detrusor contraction com-
pletely or partially if asked to do so.
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a. Detrusor overactivity, whether from neurogenic
causes or not, is usually (but not always) characterized by
cystometric capacity of <200 mL. More important than the
capacity, however, is the inability to inhibit the detrusor con-
traction. The term detrusor hyperreflexia is usually re-
served for instances caused by a known neurologic lesion,
whereas detrusor instability is commonly used to denote
cases with nonneurogenic or idiopathic causes.
b. Acontractile detrusor is characterized by lack of a
detrusor contraction on filling of the bladder. The term de-
trusor areflexia should be reserved for cases in which a
clearly defined neurologic condition is the cause; all other
instances are more accurately termed acontractile detrusor.
Itis important to remember that approximately 10% of men
and 50% of women without a voiding abnormality demon-
strate no detrusor contraction during the cystometrogram
because of psychological inhibition. This is one of the most
common reasons for overinterpretation of cystometro-
graphic tracings.
(1) Bethanechol supersensitivity testing may be
used in acontractile bladder to determine whether the
cause is neurogenic. This test is based on Cannon’s law,
which states that an exaggerated response to its natural
neurotransmitter develops in a denervated organ (den-
ervation supersensitivity).
(2) Use of bethanechol chloride. As originally de-
scribed by Lapides, 2.5 mg of bethanechol chloride was
used as the test agent, and an increase of 15 cm H,0 in
bladder pressure was the test criterion. We have found
improved sensitivity and specificity by using a dose of
5 mg in patients weighing >75 kg and a test criterion of
20 cm H,0. Alternatively, one can use a weight-adjusted
dose of 0.03 mg/kg. Bethanechol is contraindicated in
patients with gastrointestinal obstruction, bronchial
asthma, peptic ulcer, bradycardia, hypotension, or parkin-
sonism. Atropine (0.4 mg IM) should always be available
to reverse any adverse effects of the drug.
(8) Cystometric pressure measurement. After the
bladder is filled slowly to 100 mL, the intravesical pres-
sure is measured. The appropriate dose of bethanechol
chloride is administered subcutaneously (not intrader-
mally or intramuscularly, and never intravenously). The
onset of cholinergic effect occurs after about 15 minutes
and is indicated by flushing and increased salivation.
Cystometry is repeated up to a volume of 100 mL.
(4) Interpretation. An increase of 20 cm H,O in
comparison with the baseline value is indicative of super-
sensitivity and suggests bladder denervation. False-
positive results may occur in patients with inflammatory
bladder disease or acute urinary tract infection. False-
negative results may occur if the test is performed
within the first 8 weeks after denervation, when the
supersensitive response may not be fully developed. A
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supersensitive response to bethanechol does not imply a
therapeutic benefit from oral use of the agent.
(5) Ice water test. Instillation of 50 to 100 mL of ice-
cold water will provoke a bladder contraction in many
patients with spinal cord injury, demonstrating that the
sacral reflex arc is intact.
c. Impaired detrusor contractility is characterized by
a weak or short-lived detrusor contraction. This is a not un-
common finding in elderly patients of both sexes and may
be caused by replacement of smooth muscle by collagen.
II. Uroflowmetry is among the most useful of all urodynamic
studies (Fig. 7.2). The test requires only that the patient void an
adequate amount into the flowmeter to permit measurement of the
flow rate. The most important determinant of the normal flow rate
is the initial bladder volume. The urinary flow increases as initial
bladder volume increases. Table 7.1 lists minimal peak flow values
for various patient groups. The parameters used in uroflowmetry
are shown in Fig. 7.2. To compare flow rates before and after ther-
apy or over a period of time, it is useful to refer to a flow rate nomo-
gram (Fig. 7.3). The shape of the uroflow curve may also provide
useful information; for example, an irregular flow curve may indi-
cate abdominal straining or vesicosphincter dyssynergia.
III. Electromyography of the striated perineal musculature
provides two kinds of information: (a) contractile activity and
(b) state of innervation. Surface electrodes readily provide the first
kind of information and are used widely in children because they
are noninvasive. Surface electrodes may also be used in adult pa-
tients, either as surface patch or in the form of anal-vaginal plugs.
For more detailed studies of innervation, needle electrodes must
be used. In male patients, a 50-mm concentric electrode is placed
into the bulbocavernosus muscle or the external urethral sphinc-
ter (Fig. 7.4). In female patients, a 30-mm electrode is placed into
the external anal sphincter or the periurethral striated muscle
(Fig. 7.5). In normal persons, the electromyogram will show no ev-
idence of denervation, normal sacral reflexes will be present, and
the patient will be able to contract the perineal muscles voluntar-
ily. With bladder filling, a gradual increase in electromyographic
activity is noted, referred to as the guarding reflex (Fig. 7.6).
With the onset of bladder contraction, electromyographic activity
decreases or ceases for the entire voiding process. Failure of the
perineal muscles to relax during a detrusor contraction is vesi-
cosphincter dyssynergia (Fig. 7.6). In some patients who use
abdominal straining to void in the absence of a detrusor contrac-
tion, electromyographic activity may persist during straining; this
is called pseudodyssynergia.
IV. Urethral pressure may be measured by several different
techniques. The primary indications for this examination are in the
diagnosis of stress urinary incontinence, evaluation of obstruction,
assessment of drug actions, and monitoring of antiincontinence
devices.
A. In the Brown-Wickham technique, a pressure-
measuring catheter is withdrawn from the bladder through
the urethra, providing a profile of the urethral pressure at
each point. The examination is most commonly performed with
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>22
>18
>13
>25
>18
>15
>20

(mL/s)

uoljelnap piepuels

Normal Peak Flow Rate

(y)
<40
40-60
>60
<50
>50
<10
10-20

Normal uroflow values for

voided volumes of >150 mL

Table 7.1.
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a rate of about 2 mL/min while being withdrawn at 0.5 cm/s.
An idealized curve showing the parameters of urethral pro-
meters are the maximal urethral pressure (peak pressure) and
the functional urethra length (Table 7.2). In women, maximal
length tends to increase with age. One can observe from Table
7.2 that the normal range is wide and overlaps considerably

Abdominal leak point pressure, measured during a flu-

with abnormal values, which reduces the usefulness of pro-
filometry as a diagnostic tool.

B.
oroscopic cystogram, is useful in determining the minimum pres-

a side-hole catheter, which is perfused with saline solution at
filometry is depicted in Fig. 7.7. The two most important para-
pressure tends to fall with age, whereas in men, the functional

Patient Group
Children, adolescents

Men
Women
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Fig.7.4. Placement of needle electromyographic electrode into
bulbocavernosus muscle in male.
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Fig.7.5. Examples of placement of electromyographic electrodes in
female. A: Needle electrode in urethral sphincter. B: Vaginal surface
electrode. C: Needle electrode in external anal sphincter.
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Fig. 7.6. Combined cystometrogram and perineal electromyogram
showing normal coordinated voiding pattern (top) and vesicosphinc-
ter dyssynergia (bottom).
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Table 7.2. Normal values for Brown-Wickham
urethral pressure profile

Age Peak Pressure Functional Length

Patient Group (y) (cm H,0) (cm)

Men <50 65-105 3.5-4.5
>50 65-105 4.0-5.5

Women <50 60-90 2.0-3.5
>50 50-80 2.0-3.5

sure required to cause leakage. The bladder is gradually filled
with contrast agent and monitored fluoroscopically. After a vol-
ume of at least 200 mL has been reached, the patient is placed in
a sitting or upright position and asked to perform the Valsalva
maneuver gradually. The lowest total bladder pressure at which
leakage is detected is the abdominal leak point pressure. If no
leakage occurs with the Valsalva maneuver, the patient is
asked to cough several times, and fluoroscopic examination for
the presence of leakage is repeated. Patients with a competent
urethra typically have an abdominal leak point pressure above
120 cm H,0; those with urethral incompetence have an abdom-
inal leak point pressure below 60 cm H,O.

V. Pressure-flow studies and video urodynamics are es-
pecially useful in the diagnosis and localization of outflow obstruc-
tion; however, they may be used in all types of voiding dysfunction
(Fig. 7.8).

A. Technique. The study is performed by filling the bladder
via a two- or three-lumen 4 to 7F catheter in the urethra. A rec-
tal balloon catheter is placed for measurement of abdominal
pressure. The transducers are zeroed to the atmospheric pres-
sure and placed at the level of the patient’s symphysis pubis.
All air bubbles should be flushed from the pressure lines to pre-
vent damping of the response. The patient should be asked to
cough to test the response and accuracy of the measurement.
Although some self-retaining catheters are available, most uro-
dynamic catheters are straight catheters that must be taped or
otherwise fixed to the penis. In female patients, the catheter is
taped carefully to the inner thigh. A two-lumen urodynamic
catheter provides for filling through one channel and measure-
ment of bladder pressure through the second lumen. A three-
lumen catheter provides for measurement of urethral pressure
as well. The bladder is filled at a rate of 20 to 50 mL/min, and
a cystometrogram is performed. When the male patient reports
the urge to void, he is asked to stand and micturate into the
flow meter around the urodynamic catheter in the urethra. In
the case of a female patient, a urodynamic chair is used to per-
mit voiding in the sitting position. The entire process may be
filmed fluoroscopically and recorded on videotape (video uro-
dynamics). The addition of video capability may permit more
accurate localization of the site of outflow obstruction and is
also very useful in patients with incontinence.
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B. Interpretation. High intravesical voiding pressures (typi-
cally >50 cm H,0) associated with low flow rates (below 10 mL/s)
are indicative of outflow obstruction. A more accurate assess-
ment of outflow obstruction can be obtained by using the
Abrams—Griffiths nomogram (Fig. 7.9). An approximation of
the nomogram reading can be obtained by calculating the
Abrams—Griffiths number (AG number), which equals Pye; @max
— 2@y, Where Py is subtracted bladder pressure and @ .«
is peak urinary flow. An AG number of >40 is indicative of
obstruction, whereas a value of <20 indicates no obstruction;
between 20 and 40 is considered equivocal. A variety of other
pressure—flow nomograms, such as that of Schafer, exist to clas-
sify patients into obstructed or nonobstructed categories. Many
times, nomograms are included in software packages that con-
trol urodynamic testing equipment. This software can automat-
ically plot patient results on a nomogram to help in making a
diagnosis of outlet obstruction.
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Lower Urinary Tract Symptoms

Peter A. Zeman, Mike B. Siroky,
and Richard K. Babayan

I. Pathogenesis of lower urinary tract symptoms

Almost all lower urinary tract symptoms (LUTS) manifest
themselves via the bladder. An obstructive process such as benign
enlargement of the prostate rarely causes symptoms in its own
right. Rather, symptoms are due almost exclusively to secondary
bladder dysfunction, either bladder overactivity or underactivity.
In general, LUTS are not in themselves diagnostic, and terms
such as “obstructive symptoms” should be avoided. Symptoms
should be elicited from the patient in great detail, focusing on
their onset, characteristics, duration, intensity, and amelioration.
Management requires an understanding of the relevant patho-
physiology and an orderly approach to diagnosis and therapy.

II. Definitions

The most common LUTS are urinary frequency, urgency, and
hesitancy, weak stream, and nocturia. This symptom complex was
previously referred to as “prostatism,” but this has been replaced
by the term “LUTS.” The reason for this change is that the term
“prostatism” implies that these symptoms are caused by the
prostate, which is most often not the case. For example, bladder in-
stability may exist in the absence of outflow obstruction and can
produce the same symptoms as prostatic obstruction. Voiding
symptoms, previously called “obstructive symptoms,” refer to
symptoms associated with voiding such as hesitancy, intermit-
tency, weak stream, postvoid dribbling, double voiding, and use of
abdominal straining to void. A weak stream is characterized by di-
minished force, diminished caliber, and prolonged voiding time.
Patients may also complain of incomplete emptying. Storage
symptoms, previously called “irritative symptoms,” include day-
time frequency, urgency, urge incontinence, nocturia, dysuria, and
sometimes enuresis. Urinary frequency is the subjective complaint
that voiding occurs at “too frequent” intervals, usually <2 hours
apart. Voiding of large volumes of urine is polyuria and may be
confused with urinary frequency. Urinary frequency is often asso-
ciated with urgency, which is the sudden desire for urination that
is difficult or impossible to postpone. Nocturia refers to urinary
urgency that awakens the patient from sleep, and it should be dis-
tinguished from other reasons for voiding during sleep, such as in-
somnia. Nocturnal enuresis is incontinence of urine during
sleep. Acute retention refers to the sudden onset of complete in-
ability to void in a patient who may or may not have had urinary
symptoms previously. Chronic retention refers to the presence
of postvoiding residual urine in the bladder of a patient who is able
to void, albeit poorly. Sensory symptoms include bladder hyper-
sensitivity, reduced desire to void, and absence of sensation of blad-
der fullness.
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Table 8.1. Some common causes of lower
urinary tract symptoms in adults

Outflow obstruction
Benign prostatic enlargement
Vesical neck obstruction
Urethral stricture
Meatal stenosis
Cystocele in females

Impaired detrusor function
Neuromuscular dysfunction
Detrusor instability
Impaired detrusor contractility
Psychogenic voiding dysfunction

Infection
Cystitis
Bacterial prostatitis
Prostatic abscess
Urethral diverticulum

Neoplastic
Prostate cancer
Bladder cancer, including carcinoma in situ

Other
Bladder diverticulum
Bladder stone
Interstitial cystitis

III. Differential diagnosis
LUTS may result from a wide variety of conditions (Table 8.1),

some of which are obstructive, some nonobstructive. These con-

ditions may be classified anatomically as follows:
A. Anterior urethra. Meatal stenosis presents commonly in
newborns or during infancy; it may be congenital or secondary to
ammonia dermatitis. In male adults, the condition may be sec-
ondary to inflammation of the prepuce (posthitis) or of the glans
penis (balanitis or balanitis xerotica obliterans). Urethral or
meatal stenosis in female adults is very uncommon. Urethral
strictures in male adults most commonly result from trauma
sustained during instrumentation, catheterization, or endo-
scopic surgery. Inflammatory strictures, whether caused by gon-
orrhea or nonspecific urethritis, occur most commonly in the
bulbous urethra.
B. Posterior urethra. In male infants and newborns, poste-
rior urethral valves are the most common obstructing lesion.
These are congenital mucosal folds in the region of the mem-
branous urethra that often obstruct the flow of urine. In adults,
sphincter spasm may result in obstruction when the striated
urethral sphincter fails to relax during micturition; this may be
due to neurologic disease (spinal cord injury, multiple sclerosis)
or psychogenic voiding dysfunction. When caused by neurologic
dysfunction, it is termed vesicosphincter dyssynergia.
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Anterior zone

Transition zone

Urethra

Central \

zone

Peripheral zone

A B

Fig. 8.1. Transverse section of normal prostate (A) and prostate with
benign hypertrophy (B).

C. The prostate. The term benign prostatic hyperplasia
(BPH) refers to well-defined histologic changes characterized by
slowly progressive nodular hyperplasia of the periurethral (tran-
sitional) zone of the prostate (Fig. 8.1). At autopsy, >75% of men
over the age of 80 have histologic evidence of BPH. However,
BPH is a histologic diagnosis and does not necessarily imply pro-
static enlargement or symptoms (Fig. 8.2). Benign prostatic
enlargement is a clinical diagnosis of prostatic enlargement.
Because we rarely know the precise histologic findings in the
prostate, “benign prostatic enlargement” is a preferable term for
clinical use. There is only a weak correlation between the pres-
ence of LUTS, bladder outflow obstruction, and benign prostatic
enlargement. Prostate adenocarcinoma, although a common
neoplasm, rarely causes obstruction until the disease is quite ad-
vanced. Acute prostatitis or prostatic abscess may rarely
cause obstruction or even urinary retention as well as frequency,
urgency, and dysuria.
D. The bladder
1. Bladder neck obstruction may occur when the bladder
neck fails to open as a result of either neurologic disease (very
rare), idiopathic dysfunction (not uncommon), or contracture
(common). Bladder neck contracture is most often a result of
trauma or surgery. Functional bladder neck obstruction is
characterized by failure of the vesical neck to open completely
during voiding without evident structural cause. This type of
obstruction often masquerades as benign prostatic enlarge-
ment but typically occurs in a younger age group (30 to
45 years). Cystocele in female patients may cause obstruc-
tion by creating an acute angulation at the vesical neck.
2. Bladder neuromuscular dysfunction may present as
urinary retention, voiding, or storage symptoms. Detrusor
overactivity may be associated with neurologic disease (de-
trusor hyperreflexia) or with nonneurologic causes (de-
trusor instability). Detrusor overactivity is characterized
by the sudden onset of severe urinary urgency. In some cases,
voiding occurs almost immediately after the onset of urgency,
leading to urge incontinence. Impaired detrusor contrac-
tility is usually idiopathic and is common in elderly patients
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of either sex. It may occur after prolonged overdistension of
the bladder wall. Patients with impaired contractility may
have significant postvoiding residual urine, which does not
necessarily indicate the presence of outflow obstruction. Pe-
ripheral neuropathy may involve the autonomic fibers sup-
plying the detrusor muscle; common causes include diabetes
mellitus, alcoholism, uremia, and surgical trauma. Pharma-
cologic agents, including nonprescription drugs, may have
antimuscarinic properties and precipitate urinary retention or
impaired voiding. Among these are phenothiazines, antihista-
mines, and o-adrenergic agonists such as pseudoephedrine,
ephedrine, and phenylpropanolamine that are contained in
many over-the-counter “cold” remedies. Psychogenic void-
ing dysfunction is characterized by lifelong detrusor insta-
bility or pelvic floor spasm leading to urge incontinence,
impaired voiding, or discomfort in the suprapubic area or
perineum.
3. Bladder response to outflow obstruction. The re-
sponse of the detrusor muscle to the increased work load as-
sociated with outflow obstruction varies over time.
a. Early obstruction. At this stage, the detrusor under-
goes hyperplasia, and bladder contractility may be normal
or slightly impaired. The bladder is able to empty com-
pletely or nearly completely; however, bladder instability
is likely to develop in 60% to 80% of patients. Unstable
bladder contractions are involuntary contractions that are
difficult to inhibit. Such contractions produce the sensation
of urgency even at low volumes and account for symptoms
such as urinary frequency and urgency and nocturia.
b. Late obstruction. The bladder is unable to empty
completely, and postvoiding residual urine is present. De-
trusor muscle contractility is significantly impaired. At this
stage, residual urine results as much from poorly sustained
bladder contractions as from inadequate detrusor pressure.
The patient notes urinary hesitancy and intermittency and
a weak stream and may complain of a sensation of incom-
plete voiding. With severe obstruction, the patient may use
abdominal straining to void, and many male patients will
sit to void to increase abdominal voiding pressure.
c. Decompensation. The ability of the detrusor muscle
to contract is severely impaired to the point that little ef-
fective pressure is generated. The bladder may empty by
frequent, ineffective voiding or by dribbling (overflow or
paradoxical incontinence).
4. Secondary effects of obstruction. Over time, outflow
obstruction leads to characteristic changes in the bladder and
upper urinary tract. These changes may be observed cysto-
scopically and radiologically.
a. Bladder trabeculation. Prominence of the submu-
cosal bladder tissue observed through a cystoscope is termed
“trabeculation.” It is a manifestation of increased collagen
deposition in the bladder wall. This finding is often asso-
ciated with outflow obstruction but may also be seen in
unobstructed bladders (e.g., enuresis, neurogenic bladder
dysfunction, idiopathic bladder instability). The interure-
teric ridge (Bell’s muscle) becomes prominent, and the blad-
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der neck is also hypertrophied. Hypertrophy of the vesical
neck causes an acute angulation between the trigone and
prostatic urethra, which is described cystoscopically as a bas-
fond deformity.
b. Cellule formation. Extreme degrees of trabeculation
allow the vesical mucosa to be pushed between the colla-
gen and muscle fibers of the bladder wall to form small
pockets called cellules.
c. Diverticulum formation. Herniation of the vesical
mucosa through the detrusor muscle constitutes a bladder
diverticulum. Acquired bladder diverticula contain no
muscular components and are therefore prone to poor emp-
tying even if the bladder is emptied by catheterization. Be-
cause of stasis of urine within the diverticulum, they are
likely to harbor infection, stones, and urothelial cancer. A
diverticulum near the ureteric orifice (Hutch diverticulum)
may cause vesicoureteral reflux.
d. Bladder calculi. In developed countries, bladder cal-
culi form most commonly as a result of outflow obstruction,
residual urine, stasis, and infection. The presence of a
bladder calculus is strong evidence of long-standing blad-
der outflow obstruction. The most common mineral con-
stituent of these stones is calcium oxalate. Stones also may
occur within bladder diverticula.
e. Hydroureteronephrosis. With hypertrophy and fi-
brosis of the detrusor wall, increased work is required to
transport the urinary bolus from the ureter into the blad-
der. In the early stages, the condition appears radiologically
as mild dilatation of the distal segment and elongation and
some tortuosity of the ureter. Later, more marked dilata-
tion of the entire ureter, marked elongation and tortuosity,
and attenuation of the ureteral wall are seen.
IV. Diagnostic approach
The patient with LUTS needs a well-planned assessment to de-
termine (a) the nature and severity of symptoms, (b) whether
there is objective evidence of obstruction, (¢) whether there is ob-
jective evidence of detrusor dysfunction, and (d) the effect of the
obstruction on the upper urinary tract.
A. Symptoms. The nature and severity of symptoms are im-
portant criteria in determining therapy. Symptoms should be
quantified with standardized symptom scores such as that de-
veloped by the American Urological Association (AUA) (see Ap-
pendix I, page 508). The questionnaire consists of seven
questions to quantify symptoms and sections to determine how
bothersome symptoms are and assess quality of life. The symp-
tom score appears to separate symptomatic patients from con-
trol patients fairly well (Table 8.2). Although treatment should
be individualized, as a general rule, patients with a score of <7
are considered to have mild symptoms that probably do not re-
quire immediate treatment unless hydronephrosis or uremia is
present. Patients with moderate symptoms (AUA score of 8 to
20) probably are in need of some therapy. Patients with severe
symptoms (AUA score above 20) frequently require treatment
to avoid development of complications. An eighth question fre-
quently asked in conjunction with the AUA symptom scale is the
bothersome index. This categorizes just how bothered a patient
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Table 8.2. Distribution of scores on the American
Urological Association (AUA) symptom index

BPE Patients Control Subjects
AUA Score (%) (%)
Mild (0-7 points) 20 83
Moderate (8—19 points) 57 15
Severe (20-35 points) 23 2

BPE, benign prostatic enlargement.

is by his voiding symptoms and the impact it has on his lifestyle.
B. History. A detailed urologic history should be taken, as-
sessing prior surgery, infections, strictures, stones, tumors, or
bleeding in the urinary tract. The general medical history
should especially focus on vascular disease (cardiac, cerebral,
and peripheral), pulmonary disease (asthma, chronic obstruc-
tive pulmonary disease), and habits (alcohol consumption,
smoking). A detailed list of all medications (prescription and
nonprescription) should be developed.
C. Physical examination
1. Infemale patients, a pelvic examination is required to
assess the presence of cystocele, urethral stenosis, or ure-
thral diverticulum.
2. Flank and abdomen. In thin patients, the bladder can
be palpated or percussed when distended to >200 mL. In se-
vere chronic retention, the dome of the bladder may reach al-
most to the umbilicus. Pressing on the distended bladder may
cause discomfort or urgency or both. The flank area should be
palpated and percussed for evidence of mass or tenderness.
3. Male genitalia. The male genitalia are best examined
with the patient standing and facing the seated examiner. If
this is not feasible, the patient may be supine. The glans and
foreskin should be examined for signs of phimosis, infection,
and meatal stenosis. The testes should be examined for size,
consistency, and mass or tenderness. The spermatic cord
may reveal varicocele or inguinal hernia.
4. Examination of the prostate is best performed with pa-
tients bent over the examining table, supported on their el-
bows. An alternative and less desirable position is the lateral
decubitus position with one leg drawn up toward the abdomen.
The examiner’s gloved, generously lubricated index finger is
inserted slowly into the rectum. The purpose of the examina-
tion is to assess prostatic size, symmetry, and consistency; to
assess anal tone; and to determine the presence of rectal
masses. A lax anal sphincter that the patient cannot contract
may be indicative of peripheral neuropathy or lower spinal
cord lesion. In some patients, the seminal vesicles are easily
palpable as thickened cords extending cephalad from the base
of the prostate. An inexperienced examiner can confuse the
seminal vesicles with prostate cancer. In young adult male pa-
tients, the prostate is usually described as about the size of a
chestnut. The earliest change in benign prostatic enlargement
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is loss of the median depression or furrow. With increasing
size, the prostate extends laterally and cephalad until the ex-
amining finger cannot reach the base of the gland. It is impor-
tant to remember that only the posterior lobe of the prostate is
palpable through the rectal wall. This lobe, however, gives rise
to most prostate carcinomas. Early, treatable prostate cancer
is most commonly found on prostate examination as an area of
induration within the substance of the prostate and not as a
nodule extending above the surface of the gland. For this rea-
son, the examiner must assess the consistency of the prostate
by firm palpation, which is somewhat uncomfortable for most
patients and may produce urinary urgency. The normal
prostate has a weight of approximately 20 g, and its consis-
tency is approximated by the tensed adductor pollicis muscle
at the base of the thumb. If any areas are more firm than this,
the examiner should suspect prostate carcinoma and consider
biopsy. The differential diagnosis of a prostate nodule includes
prostate cancer, asymmetric BPH growth, prostatic calculi,
and granulomatous prostatitis. Approximately 50% of prostate
nodules discovered on rectal examination prove to be carci-
noma on biopsy.
5. The focused neurologic examination should include
perineal sensation and assessment of bulbocavernosus reflex.
The bulbocavernosus reflex may be tested during the rectal
examination by gently squeezing the glans penis to assess
the presence of anal sphincter contraction.
D. Laboratory tests should include urinalysis, urine culture,
complete blood count, and determination of serum creatinine,
blood urea nitrogen, blood sugar, and serum electrolytes for
most patients. For male patients over age 50 (and even younger
if there is a family history of prostate cancer or if the patient is
African American), a test for prostate-specific antigen (PSA) is
highly recommended to screen for prostate cancer.
E. Assessment of upper tracts. Routine assessment of the
upper tracts is not recommended for the patient with LUTS un-
less hematuria, recurrent urinary tract infection, azotemia,
prior urinary tract surgery, or a history of urinary stones is pres-
ent. Ultrasonography (US) of the kidneys and bladder is the
preferred means of initial radiologic assessment, unless hema-
turia is detected (see Chapter 2). US is preferred because it
offers rapid, accurate assessment of hydroureteronephrosis,
prostatic size, and bladder residual. It is safer and less expen-
sive than computed tomography (CT) urography or intravenous
urography (IVU). This is especially true in uremic or dehydrated
patients because it does not involve contrast agent injection or
radiation. However, the presence of hematuria (gross or micro-
scopic) is a strong indication for CT urography and for IVU be-
cause they offer more complete visualization of the upper tract
urothelial surfaces than does US.
F. Assessment of the lower tract may include a variety of
radiologic and other procedures. These tests are optional and
should be selected based on the patient’s history and other
findings.
1. Retrograde urethrogram. Retrograde urethrogram
(RUG) is performed by retrograde instillation of radiographic
contrast medium into the male urethra. RUG is most useful in
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visualizing lesions of the anterior urethra such as strictures,
diverticula, and urethral perforations. Lesions of the posterior
urethra (proximal to the genitourinary diaphragm) are poorly
visualized by this technique because the striated urethral
sphincter often prevents contrast agent from completely filling
the posterior urethra or bladder.

2. Voiding cystourethrogram. The voiding cystoure-
throgram (VCUG) is performed by filling the bladder with
radiographic contrast agent through a urethral catheter or
suprapubic tube. The entire process of filling and voiding is
monitored by fluoroscopy. Static films are obtained with the
bladder full, during micturition, and after voiding. VCUG is an
excellent method of diagnosing vesical neck obstruction, vesi-
cosphincter dyssynergia, and vesicoureteral reflux. It is also
useful in assessing the presence of cystocele in female patients.
3. Cystourethroscopy. Endoscopy permits direct visual-
ization of the entire lower urinary tract (see Chapter 5) and
contributes to the diagnosis of most obstructive lesions such
as prostatic enlargement, vesical neck contracture, and ure-
thral stricture. Changes in the bladder are indicated by the
presence of trabeculation, cellules, and diverticula, which
provide indirect evidence of obstruction.

4. Uroflowmetry. An electronic flowmeter can provide a
recording of urinary flow rate versus time (Fig. 8.3). The peak
flow rate is a sensitive indicator of outflow obstruction. The
bladder volume at the start of micturition has an important
effect on the peak flow rate and may be accounted for by the
use of flow rate nomograms (Fig. 7.3). Other useful param-
eters are the time to peak flow and the shape of the flow
curve (see Chapter 7). Uroflowmetry should always be per-
formed in conjunction with estimation of postvoiding
residual urine volume. This may be done by catheteriza-
tion or by US examination (preferred). The normal peak flow
should be >12 mL/s in normal male adults voiding >150 mL.

peak
flow —

flow rate (ml/s

+time to peak flow —
—— flow time >

time (s)

Fig. 8.3. Important parameters of uroflowmetry include the peak
flow, voided volume, and time to peak flow.

(=]
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5. Cystometry. The cystometrogram (Fig. 8.1) is a contin-
uous recording of bladder pressure during gradual filling and
during contraction. The examination is indicated in any pa-
tient with LUTS when detrusor instability, neurologic dis-
ease, or myogenic bladder failure is suspected. The finding of
detrusor instability, even in asymptomatic volunteers, is
common and should be interpreted carefully in light of the
patient’s clinical picture. Ambulatory cystometry may be
used in cases in which one needs a long-term view of bladder
activity (24 to 72 hours). See Chapter 7 for a discussion of cys-
tometrogram technique and interpretation.
6. Pressure-flow studies allow simultaneous measure-
ment of voiding pressure and flow rate and are usually com-
bined with fluoroscopy. These studies are indicated in cases
such as incontinence after prostatectomy, failed incontinence
surgery, LUTS refractory to standard treatment, and LUTS
associated with neurologic disease.
V. Treatment
A. Distal urethra
1. Meatal stenosis of minor degree may simply be dilated.
Recurrent or severe meatal stenosis is best managed by sur-
gical meatotomy rather than dilation.
2. Urethral strictures occur most often in male patients
after urethral infection or trauma.
a. Dilation may be accomplished by means of van Buren
sounds or filiforms and followers. Dilation of a stricture is
generally not curative, as there is a high recurrence rate.
b. Visual urethrotomy. With an optical urethrotome,
the stricture can be visualized and incised with a movable
knife blade. This is a safe and effective procedure, with a
1-year patency rate of 60%. Visual urethrotomy may be re-
peated multiple times as required. The neodymium-YAG
(yttrium—aluminum—garnet) and holmium laser can also
be used to incise strictures in the urethra and is becoming
the procedure of choice where available.
c. Transurethral balloon dilation catheter. Balloon
dilation has been found by one group to offer similar short-
term efficacy as rigid dilation and internal urethrotomy. It
was found to be associated with minimal complications.
d. Urethroplasty. The visual urethrotomy has eliminated
the need for urethroplasty in many cases. A urethroplasty
should be considered in the face of rapid stricture recurrence
following visual urethrotomy or difficult dilatation.
B. Benign prostatic enlargement. The treatment of benign
prostatic enlargement is highly individualized and depends on
the severity of symptoms and presence of complications (Fig.
8.4). Refractory urinary retention, upper tract deterioration,
recurrent infection, hematuria, and bladder stones are strong
indications for intervention. For patients without these find-
ings, the level of symptoms is the main determinant of the type
and timing of therapy.
1. Watchful waiting involves careful follow-up of symp-
toms and signs without active intervention and is recom-
mended for the majority of patients with mild symptoms (AUA
score of 0 to 7). Approximately 30% of patients will experience
improvement with watchful waiting. On the other hand, the
risk for symptom progression is low (1% to 5%).



8. Lower Urinary Tract Symptoms

108

‘JuswaSaeIus

onpe)soad ugruaq ‘gdg ‘{Uonoayul 1oea) Areuran ‘I () ‘usdnue ogroads
-9je3soad ‘ygd ‘yuswegae[us o1pejsoad udruaq Aq pasneo swoydwAs joeay
I9MO] YA sjudIjed JO JuUSW)BIL) PUB JUSWISSISSE ) 10] 1aeyd MOl ‘F'8 ‘S1q

(worounsAp oruesoanan

Adeaayy reordang

AjmoRaiuoo paaredu

Apuys Mo[j—oanssaId e

oarjeIadg

e e —| S Gt

1 1

Eﬁwﬂcauwﬁa — w:_ﬁms_

JU0YS OTIRISOL]
ua.orm orfopooemeyg) | [JYOFCM)

[ [ |1

¢ UOT}OTNLI}SqO

wreafosho Fuiprog e Tﬁv%wm _ Ta@uwvozu

Adoososh) e
weaforewoIsh) o

s1503 Teuonydo

Y}m jua)SIisuopy

JuLuIsSsSosse

|

—

vIruro.a()
344 SoU0}s JISppe[g
01 eLINewa [
S LLN
uorjua)ad Lreurin)

JO 2ouasal{;,

JUDUISSOSSY _

e joery Jtoddp _ —ES&E%W aATjRIIIUERNY
D

[enpIsal ‘9jel MO
VSd ‘euluIjeald wWniag
2un}nd ‘sIsA[eur()
UOT}RUIUIRXD [eDISAYJ
K101y

uorjen[eAg [erjiu]




V. Treatment 109

2.

Pharmacologic therapy

a. «a-Adrenergic blocking agents. The prostate contains
smooth muscle that is controlled by o;-adrenoceptors (Table
8.3), and blockade of these receptors has been proposed as
the mechanism of symptom relief due to o-adrenergic block-
ing agents. Recently, it has been proposed that c-adrenergic
blocking agents with a quinazoline chemical structure
(doxazosin, prazosin, terazosin, but not tamsulosin) induce
prostatic apoptosis that also contributes to their relief of
symptoms due to benign prostatic enlargement. Side effects
of o-adrenergic blocking agents include dizziness, light-
headedness, and asthenia and are related to their antihyper-
tensive actions. Other side effects include nasal congestion,
tachycardia, palpitations, nervousness, and retrograde ejac-
ulation. Less selective a-adrenergic blocking agents such as
terazosin tend to be associated with a greater incidence of
side effects. Tamsulosin, a superselective o, blocker, pro-
vides even lower potential for drug— drug interactions and
fewer vasodilatory effects. About 50% to 75% of patients
experience rapid improvement in symptoms with any of the
o-adrenergic blocking agents.

b. Finasteride, a 50-reductase inhibitor, blocks the con-
version of testosterone to dihydrotestosterone. Clinical ex-
perience has shown that finasteride reduces prostatic size
by about 20%, improves urinary flow rate by about 2 mL/s,
and reduces AUA symptom scores by 3.6 points. The dose is
5 mg by mouth daily. Side effects are minimal and include
headache, minimal loss of libido, and occasional impotence.
One important consequence is that finasteride lowers serum
PSA by about 50% after 6 months of therapy.

c. Phytotherapy. Pharmaceuticals derived from plant
extracts are widely used outside the United States and in-
creasingly within the United States. Although these com-
pounds do not require a prescription, it is important for the
urologist to be familiar with self-administered medications.

Table 8.3. «a-Adrenergic blocking agents
used in benign prostatic enlargement

Generic Brand Dose

Name

Dose

Name Forms Initial Maximum

Doxazosin Cardura 1-, 2-, 4-, 1mgaqd 8 mg qd

8-mg
tablets

Terazosin Hytrin 1-, 2-, 5-, 1 mg hs 20 mg hs

10-mg
capsules

Prazosin Minipress  1-, 2-, 5-mg 1 mg tid 20 mg qd

capsules

Tamsulosin  Flomax 0.4-mg 04mgqd 0.8mgaqd

capsules
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The mechanism of action of many of these compounds is
unknown or poorly understood. However, there is some ev-
idence that they may inhibit 50-reductase, aromatase, or
growth factors.

3.

(1) Saw palmetto, an extract from the berry of the
American dwarf palm tree, is thought to act as a 50-
reductase inhibitor. However, there is doubt about this,
as saw palmetto does not lower PSA levels. Nevertheless,
saw palmetto does seem to alleviate symptoms, increase
peak urine flow, and reduce prostate volume in a manner
similar to that of finasteride.

(2) Pygeum africanum, an extract of the bark of an
African evergreen tree, is thought to inhibit prosta-
glandins E, and Fy, as well as fibroblast growth factors.
Whether the compound acts on the prostate or has a pro-
tective effect on the bladder is unclear. Clinical studies
have shown the compound to be more effective than
placebo in reducing frequency, urgency, hesitancy, and
incomplete emptying.

(3) South African star grass contains phytosterols,
the most important of which is B-sitosterol. Clinical ef-
fects are similar to those of saw palmetto.

(4) Cernilton, prepared from the rye-grass pollen,
has been suggested by some to modestly improve over-
all LUTS.

Prostatic stents. Two essentially similar types of per-

manent intraurethral stents are available that differ in ma-
terial and delivery system (Fig. 8.5). Stents are not indicated
in the treatment of median lobe enlargement. Stents are use-
ful for high-risk patients because they can be placed under
topical urethral lidocaine with intravenous sedation, local
prostatic block, or light general anesthesia. If the patient is
unable to void immediately after placement of a urethral
stent, a temporary suprapubic catheter should be placed be-
cause a urethral catheter may displace the stent.
a. The cobalt-chromium stent (UroLume; American
Medical Systems) is a somewhat flexible stent that ex-
pands to a size of 42F. This stent device, placed with a
transurethral insertion device (Fig. 8.5), is available in

Fig. 8.5.

Bladder

seminal
prostattic vesicle
sten
pelvic
~ floor

\ bulbous

urethra

Stent placed in prostatic urethra.
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three lengths: 2.0, 2.5, and 3.0 cm. The proper size must be
selected to prevent the stent from protruding past the
verumontanum. Removing the stent after it has been in-
grown by urothelium can be difficult.
b. The titanium-nickel stent (Memokath, Horizon, and
others) is a self-expanding stent that responds to tempera-
ture and can be placed with a flexible cystoscope. Some
stents respond to body temperature, whereas others re-
quire flushing with water at 45°C to expand. When cooled
with cold water (<10°C), the stents soften and can be easily
removed.
4. Microwave therapy. The development of focused mi-
crowave technology has permitted the safe and effective ap-
plication of controlled heat to the prostate. Microwaves
are electromagnetic waves with wavelengths in the 300- to
3,000-MHz range. Tissue penetration leads to electromag-
netic oscillations of molecules and release of kinetic energy;
thus, heat is produced as these waves pass through tissue.
Higher frequencies are associated with more energy but
lower tissue penetration.
a. Effects of heat on the prostate. Prostate cells un-
dergo coagulation necrosis when exposed to temperatures
of >45°C for >30 minutes. The prostate cells slough away
over a period of weeks to months. However, the urethral
pain threshold was found to be about 45°C, making this
temperature a practical limit unless urethral cooling was
utilized. Cell necrosis does not occur in techniques that heat
the prostate to temperatures under 45°C, yet symptom re-
lief is observed. The mechanism is not well understood but
is thought to involve changes in the sensory nerve receptors
in the prostatic urethra. The term hyperthermia is used
for treatment at temperatures of <45°C, whereas ther-
motherapy is used for treatment at higher temperatures.
b. Transurethral microwave thermotherapy. Micro-
wave energy (Fig. 8.6), applied to the prostate by specialized
transurethral catheters (Fig. 8.6), may be used to heat the
prostate, usually to temperatures above 45°C. In trans-
urethral microwave thermotherapy (TUMT), microwaves
are emitted at a frequency of 900 to 1,100 MHz. The urethral
antenna is directed toward the lateral lobes of the prostate,
and the distribution of the energy corresponds approxi-
mately to the transition zone (Fig. 8.7). Most systems cur-
rently available use microwave heating along with a cooling
system to maintain urethral temperatures at or below 45°C
to reduce pain and protect the prostatic urethral mucosa.
Clinical experience indicates that >60% of patients experi-
ence an improvement of symptoms and 75% have improve-
ment in flow rate (about 3 mL/s). TUMT may be performed
in an outpatient setting with only oral analgesics and takes
about 30 to 60 minutes. Preprocedure sedation may involve
lorazepam 1 mg PO and Percocet 1 tablet PO given 1 hour
prior to the procedure. Further pain control may be achieved
with a mixture of 15 mL of Xylocaine 2%/15 mL of 0.5% bupi-
vacaine/oxybutynin 10 mg given intravesically just before
starting the heating procedure. The oxybutynin tablet
should be dissolved in the local anesthetic solution before in-
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Fig. 8.7. Microwave catheter in place, showing the approximate
heat field produced.

jecting the solution into the bladder. Xylocaine jelly 2% is
used to anesthetize the urethra prior to passing the cath-
eter. Transrectal US assessment of the prostate or cystos-
copy should show a prostatic length of at least 3.0 cm to
accommodate the prostatic probe. The presence of a signifi-
cant median lobe is a relative contraindication to TUMT.
Thus, patients with smaller prostates are not good candi-
dates for TUMT. Contraindications to TUMT include prior
transurethral resection of the prostate (TURP), metallic im-
plants, penile prosthesis, severe urethral stricture disease,
severe peripheral vascular disease, or an artificial urinary
sphincter. Patients with pacemakers need clearance from
their cardiologists concerning turning their pacemakers off
during therapy. Up to one-third of patients may have uri-
nary retention after treatment that requires temporary
catheterization, intermittent catheterization, or temporary
urethral stenting. The posttreatment swelling and irritation
from the thermal effect may last 3 to 6 weeks. Most patients
will achieve maximal symptomatic relief and flow rate im-
provement by 6 weeks. Other complications include hema-
turia, urethral bleeding, and/or hematospermia; these are
usually mild and self-limited. TUMT may be performed in
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patients who are poor operative risks, especially those on
anticoagulation therapy. Patients have achieved durable re-
sponses for >5 years with TUMT.
c. Transurethral needle ablation. Transurethral nee-
dle ablation (TUNA) involves the transurethral application
of microwaves at 490 kHz to the prostate lobes (Fig. 8.8).
This is accomplished under direct vision via cystoscopy and
produces small areas of thermal injury that eventually pro-
duce changes in subjective symptoms, although the mech-
anism is unclear. TUNA heats a small area of the prostate
to temperatures of 80° to 100°C within 3 to 5 minutes. Al-
though there is no significant shrinkage of the prostate,
TUNA produces small areas of necrosis of around 2-mm di-
ameter around the tip of each treatment needle. TUNA is
associated with a statistically significant improvement in
symptom scores, quality of life, urinary flow rate, and post-
void residual after 1 year of follow-up. About one-third of pa-
tients experience short-term urinary retention after TUNA.
Symptomatic improvement is much more prominent than
objective improvement, and long-term durability of the re-
sponse is unclear. Unlike with TUMT, small prostates can
be treated with TUNA. The procedure is well tolerated and
can be performed under conscious sedation.
5. High-intensity focused US. US energy can be focused
with a parabolic reflector and is capable of producing signifi-
cant thermal tissue injury. Current equipment consists of a
rectal probe that can image the prostate as well as emit high-
intensity focused US. Because the patient must remain still
during the treatment, general anesthesia is often required.
Clinical efficacy is moderate, with flow increasing to an aver-
age of 13 mL/s at 1 year, but symptomatic improvement is sig-
nificant. Most patients require some period of postoperative
catheterization.
6. Laser prostatectomy offers several potential advan-
tages over transurethral electrocautery resection of the
prostate, including (a) lower morbidity and mortality rates and
(b) cost savings through the ability to perform the procedure
on an outpatient basis. The lower morbidity and mortality are
a consequence of the sealing of blood vessels by the laser,
which significantly reduces absorption of irrigating fluid as
well as blood loss. To be effective, laser energy must be applied
with sufficient energy to destroy prostatic tissue, but not so
much as to produce charring of tissue. Except for holmium
laser enucleation, many of the laser-based procedures have
proven to be disappointing over time.
a. Free-beam laser energy may be delivered through a
variety of side-firing laser delivery fibers. These fibers may
be passed through a 22F cystoscope. The neodymium-YAG
laser produces light at 1,064 nm, which produces excellent
coagulation and hemostasis. Neodymium-YAG laser prosta-
tectomy is usually performed under regional, spinal, or
general anesthesia. Local anesthesia with periprostatic in-
filtration of bupivacaine and lidocaine may also be used.
Like most less invasive techniques, free-beam laser prosta-
tectomy may produce objective improvement in flow rate
and postvoid residual, but not to the same extent as TURP.
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Laser prostatectomy produces significant prostatic edema
that may actually increase bladder outlet obstruction im-
mediately postoperatively. Long-term results have been dis-
appointing, and the technique is now seldom utilized.
b. Contact laser systems utilize neodymium-YAG or
diode laser sources to heat a flexible contact fiber that is
used to cut and coagulate tissue. There is no interaction be-
tween the laser and tissue. The contact laser can be used to
perform bladder neck incision or prostatic ablation. Objec-
tive and symptomatic improvement has been similar to that
obtained with free-beam lasers, and disappointing long-
term outcomes have limited its usefulness.
c. Interstitial laser systems utilize diode-source end-
firing delivery fibers that are inserted directly into the pro-
static adenoma to produce small spherical areas of tissue
destruction. Applying laser heating for 3 to 5 minutes can
produce areas of necrosis of 1.5 to 2 cm. Like free-beam
lasers, interstitial lasers produce significant prostatic edema
and may result in postoperative retention. Urethral cath-
eterization for the first 5 days postoperatively is usually re-
quired. Objective and symptomatic results are similar to
those obtained with other laser techniques.
d. Holmium laser enucleation of prostate (HOLEP)
involves the use of a large (1,000-um) quartz fiber to deliver
holmium laser energy through a cystoscope. The aim is to
enucleate the median and lateral lobes of the prostate down
to the surgical capsule and release them into the bladder.
Unlike open surgical enucleation of hyperplastic BPH, the
holmium laser energy allows this to be performed in a vir-
tually bloodless field with saline rather than sorbitol irriga-
tion. A problem with this enucleation process is the difficulty
in removing the adenoma once it has been released into the
bladder. This generally requires the use of an electrical mor-
cellator, which is time consuming, potentially dangerous,
and often fraught with mechanical difficulty. The most dra-
matic advantage of HOLEP is in those patients on antico-
agulant therapy who can achieve excellent relief of their
bladder outlet obstruction without compromising their an-
ticoagulation status. Although the learning curve is steep,
the results can be quite dramatic.
7. Open prostatectomy. Legitimate indications for open
prostatectomy still exist, including prostatic enlargement be-
yond the capability of the surgeon to resect safely (generally
>100 g), presence of bladder calculi not amenable to trans-
urethral lithotripsy, and presence of bladder diverticula
requiring excision. As in TURP, only the hyperplastic ade-
noma, and not the entire prostate, is removed. The choice
of operative approach depends on the surgeon’s preference,
although there are also other considerations that apply:
a. Suprapubic prostatectomy is performed through a
suprapubic transvesical approach and is well suited to deal-
ing with concomitant bladder pathology such as diverticula
and bladder stones. Postoperatively, a suprapubic tube is
necessary until the bladder incision heals (5 to 7 days).
b. Retropubic prostatectomy differs from suprapubic
prostatectomy in that the prostate capsule rather than the
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bladder wall is incised to expose the prostate adenoma.
Thus, there is usually no need for suprapubic bladder
drainage postoperatively. The operation is poorly suited for
glands that are not particularly large.
c. Simple perineal prostatectomy is similar to the
retropubic operation except the prostatic capsule is ap-
proached posteriorly through a perineal incision. Although
little used today, it remains a valuable operative approach
for patients who are obese or have pulmonary problems.
Perineal prostatectomy is extremely well tolerated and
avoids the postoperative complications associated with an
abdominal incision.
8. Catheters. When patients cannot undergo surgery or
refuse surgical treatment, temporizing measures should be
considered.
a. Intermittent self-catheterization is an excellent
option in patients who are motivated, have good manual
dexterity, and must await surgical treatment of benign
prostatic enlargement.
b. Indwelling catheterization is indicated in the short-
term treatment (2 to 3 days) of acute urinary retention but
is best avoided as a long-term solution. An indwelling
catheter is associated with a high rate of bacteriuria and
carries an increased risk for epididymitis, periurethral ab-
scess, and generalized sepsis.
c¢. Suprapubic catheter drainage as a temporizing
measure may be accomplished by means of a Stamey cys-
totomy catheter.
. Detrusor overactivity
1. Pharmacologic therapy remains the most commonly
used therapy for detrusor overactivity (Table 8.4). Response
rates vary from 25% to 80%, depending on how one defines a
successful response. Decreasing urinary frequency and urgency
is relatively easy, but complete cure of incontinence is much
more difficult. Intolerance of side effects is a common limiting
factor in the pharmacologic treatment of detrusor overactivity.
a. Antimuscarinic/anticholinergic agents include
oxybutynin, tolterodine, hyoscyamine, and dicyclomine.
Side effects such as dry mouth, blurring of vision, consti-
pation, and drowsiness occur in >50% of patients receiving
antimuscarinic agents. Indeed, patient dropout and non-
compliance are major reasons for therapeutic failure.
These agents are contraindicated in patients with angle-
closure glaucoma. Tolterodine provides efficacy similar to
that of other agents but is much less frequently associated
with dry mouth. The advent of once-daily extended-release
formulations has greatly improved patient compliance.
b. Antispasmodic agents. Flavoxate is usually termed
a spasmolytic agent, although its precise mode of action is
unknown. Its adverse effect profile is similar to that of the
antimuscarinic agents, including increased ocular tension.
c. Imipramine is a tricyclic antidepressant found to have
anticholinergic and sympathomimetic actions peripherally
and serotoninergic effects centrally. It has long been used in
the treatment of childhood enuresis but also has consider-
able efficacy in adult detrusor overactivity. The drug may be
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used as first-line therapy or in combination with antimus-
carinic agents. Imipramine is contraindicated in patients
who are receiving monoamine oxidase inhibitors or who
have severe hypertension.
2. Biofeedback therapy may be used alone or in conjunc-
tion with pharmacologic therapy. One simple biofeedback
technique is the use of a voiding diary to record time and
amount voided. The patient is rewarded with encouragement
for increasing the time between voidings (Frewen regimen or
“bladder drill”). More complex methods involve using urody-
namic monitoring to provide auditory or visual feedback to
the patient when bladder contractions occur. This enables
the patient to learn techniques to suppress contractile activ-
ity. Success rates with biofeedback techniques vary from 30%
to 80%, but there is a significant dropout rate of 40%.
3. Electrical stimulation of sacral nerves may be accom-
plished by intravaginal or intrarectal stimulating electrodes
as well as implantable stimulators. The mechanism of electri-
cal stimulation in modulating detrusor overactivity is unclear.
It may promote urine storage by causing perineal muscle con-
traction, inhibiting detrusor activity, or blocking sensory input
to the spinal cord. An implantable neuromodulator (Interstim)
has been introduced that delivers low-level electrical stimula-
tion to the S3 nerve root and has demonstrated good efficacy
in suppressing detrusor instability.
D. Detrusor underactivity
1. Intermittent catheterization is the best option for
most patients with impaired voiding caused by detrusor
underactivity. The patient must have some degree of manual
dexterity and be motivated to carry out this form of treatment.
See Chapter 5 for a discussion of catheterization technique.
a. Clean intermittent catheterization does not require
the use of sterile gloves or catheters. In male patients, the
head of the penis is cleansed with povidone—iodine, hexa-
chlorophene, or soap, and a lubricated 14F straight catheter
is inserted gently until urine flow is obtained (Fig. 8.9).
In female patients, a short 12 or 14F catheter is used
(Fig. 8.10). Any water-soluble lubricant can be used. The
catheters may be cleaned with soap and water and reused
many times. For most patients, clean intermittent catheter-
ization is the most convenient and cost-effective method of
emptying the bladder.
b. Sterile intermittent catheterization differs from
the clean technique in that sterile gloves are used during
preparation of the skin and handling of the catheter, and a
new catheter is used each time. This technique is indicated
only in patients who are immune compromised or who have
had serious urosepsis while using the clean technique.
2. Pharmacologic therapy of detrusor underactivity is
generally unsuccessful. Bethanechol chloride in oral doses of
50 to 100 mg four times daily is capable of increasing bladder
wall tension, but the ability of this agent to produce effective
bladder contractions has never been shown. However, it may
be useful in selected cases as an adjunct to Valsalva or strain-
ing, especially in patients with intact bladder sensation. Side
effects include flushing, sweating, headache, diarrhea, gastro-
intestinal cramps, and bronchospasm.
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Fig. 8.9. Technique of clean intermittent catheterization in the male
patient.

Fig. 8.10. Technique of clean intermittent catheterization in the
female patient.
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Urinary Incontinence

Elise De and Tracey Wilson

I. Introduction
A. Definition. Urinary incontinence is a symptom—-“the
complaint of any involuntary leakage of urine”—as well as a
sign—“urine leakage seen during examination.” In order to
serve as a diagnosis, incontinence must be conceptualized with
regard to its underlying pathophysiology.
B. Risk factors for urinary incontinence include female gen-
der, Caucasian race, parity, neurologic disease, pelvic trauma,
surgery or radiation, nutritional deficit, obesity, tobacco or al-
cohol abuse, excessive fluid intake, advanced age, and cognitive
difficulty.
C. Differential diagnosis. Incontinence may involve fluids
other than urine and egress other than the urethra.
1. Nonurinary wetness refers to loss of bodily fluids that
may easily be confused with urine.
a. Sources of nonurinary wetness include:
(1) Gastrointestinal tract: diarrhea, fistula, or leakage
from a colostomy or ileostomy.
(2) Vagina: vaginal discharge, exudate, transudate,
or pus.
(3) Infection: serous or purulent drainage from skin in-
fection or hidradenitis.
(4) Perspiration.
(5) Subjective wetness: a complaint of wetness when
no wetness is demonstrated.
b. Diagnosis. Since urine contains very high levels of
creatinine, the creatinine level of the fluid should be mea-
sured. Agents that color the urine such as indigo carmine
or phenazopyridine can also be used to identify the fluid as
urine. Similarly, feces can be identified using ingested ac-
tivated charcoal. A perineal pad is helpful in collecting
the perineal fluid, and it can be weighed to quantify the
leakage. A tampon can be used in the vagina to determine
whether the fluid is vaginal fluid or urine.
2. Nonurethral urinary incontinence involves the leak-
age of urine via a route other than the urethra.
a. A fistula is an epithelialized connection between two
bodily cavities (or between a cavity and the body exterior)
and is usually due to trauma, surgery, or tissue injury.
Incontinence caused by urinary fistulas may follow pelvic
surgery, radiation to the pelvis (sometimes years after the
fact), or birth trauma. Incontinence due to a fistula will be
described as constant. The fistula can be diagnosed on phys-
ical examination, cystoscopy, or imaging studies (voiding
cystourethrogram or computed tomography scan). The most
common type of fistula in the female urinary tract is vesico-
vaginal. Vesicovaginal and urethrovaginal fistulas may be
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repaired by a transvaginal or transvesical approach, de-
pending on the location of the fistula and the experience
and preference of the surgeon. Ureterovaginal fistulas re-
quire an abdominal approach because reimplantation of the
ureter into the bladder is usually necessary.
b. Ureteral ectopia is congenital insertion of the ureter
into a location other than its normal location and is almost
always discovered in childhood. If the insertion is distal to
the external urethral sphincter (an embryologic event that
occurs only in female patients), the ectopic ureter may
cause continuous incontinence. Concurrent normal voiding
is preserved in such circumstances owing to the presence
of one or more ureters inserting into the bladder. Male pa-
tients with ureteral ectopia are generally not incontinent
because ureteral insertion will always be proximal to the
external sphincter. However, they may present with epi-
didymitis when the ectopic ureter inserts in the epi-
didymis. Ureteral ectopia is usually associated with
ureteral duplication.
c. Vaginal reflux of urine during voiding may result in
postvoid wetness. This condition may occur with vaginal
stenosis or atrophy, congenital urethral “female hypospa-
dias,” or repositioning of the urethra intravaginally follow-
ing antiincontinence surgery.
d. Urinary diversion may also cause incontinence. Pa-
tients who have had placement of a suprapubic catheter,
creation of a urostomy (e.g., ileal loop), or creation of a
catheterizable stoma can leak urine at these sites.
II. Physiology of continence
The lower urinary tract performs two seemingly simple tasks:
storage and emptying of urine. Urinary continence requires that
the bladder be able to store an adequate volume of urine at low
pressure, that the urethral sphincters be competent, and that the
neurologic mechanisms coordinating storage and emptying be in-
tact. The bladder neck must remain closed at all times except dur-
ing voiding and must be able to withstand momentary increases
in intraabdominal pressure.
A. Bladder
1. Viscoelastic properties. The normal bladder will allow
expansion during filling with little increase in intravesical
pressure. This property is known as compliance, defined as
change in volume divided by change in pressure (C = AV/AP).
Compliance is determined primarily by the viscoelastic prop-
erties of the bladder. Radiation, infection, and chronic ob-
struction commonly affect the compliance of the bladder by
causing an increase in type III collagen deposition. As a re-
sult, the bladder is less distensible, compliance decreases,
and pressure increases.
2. Detrusor muscle is normally relaxed owing to inhibi-
tion of'its parasympathetic nerves. Neurologic disease as well
as obstruct ion may cause detrusor overactivity (termed hyper-
reflexia or instability). The coordination between the detrusor
muscle and striated sphincter is often lost in neurologic dis-
orders. Impaired contractility may coexist with detrusor over-
activity.
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B. Outlet. The anatomic support and innervation of the blad-
der outlet as well as the intrinsic tone of the bladder neck and
urethra all contribute to continence. The prostatic and mem-
branous portions of the male urethra act as the primary conti-
nence mechanism, whereas in the female, the entire urethra
performs this function. Urethral hypermobility and intrin-
sic sphincter deficiency (ISD) are the most common “outlet”
causes of incontinence in women.
1. Urethral support in women derives from the two leaves
of the levator ani (endopelvic fascia and pubocervical fascia).
This “hammock” supports the urethra and compresses it
when intraabdominal pressure increases. In addition, the pu-
bourethral ligament and arcus tendineus provide support to
the urethra. When these supporting structures are weak-
ened, urethral hypermobility results. Urethral hyper-
mobility involves rotational descent of a poorly supported
proximal urethra and bladder neck into the vagina during
episodes of increased intraabdominal pressure. During stress
maneuvers, urethral hypermobility can be identified by “eye-
balling” the urethra or by placing a cotton swab in the urethra
and observing the degree of deflection of the swab (the “Q-tip”
test). Urethral hypermobility may also be diagnosed with the
help of imaging studies: voiding cystourethrogram, magnetic
resonance imaging, or video urodynamics. For historical rea-
sons, stress urinary incontinence due to urethral hypermobil-
ity is referred to as type II stress urinary incontinence. Pure
urethral hypermobility is not seen in men.
2. Intrinsic sphincteric deficiency refers to impaired
sphincter function not related to urethral position or support.
The etiology can include neurologic conditions, prior pelvic
surgeries, pelvic radiation, or, in women, aging and hypo-
estrogenic states. In men, ISD is commonly iatrogenic, for
example, following a radical prostatectomy or transurethral
resection of the prostate. Incontinence due to ISD has histor-
ically been referred to as type III stress incontinence. Ure-
thral hypermobility and ISD may occur in the same patient. A
unifying theory known as the hammock hypothesis sug-
gests that a poor muscular backing to the posterior aspect of
the urethra results in failure of effective urethral coaptation,
excessive urethral mobility, and urinary leakage.
C. Neural control of the bladder and sphincter is essential
for both continence and emptying. The pontine micturition cen-
ter is central in coordinating these functions. During storage of
urine, the detrusor muscle is inhibited and the sphincter active.
During normal urination, the spinal reflex arc is allowed to fire
and the sphincter relaxes, followed by contraction of the detru-
sor. Further discussion of these complex neural pathways is
found in Chapter 18.
III. Classification of incontinence
A. Stress urinary incontinence is the complaint of invol-
untary leakage on effort or exertion, sneezing, or coughing.
B. Urge urinary incontinence is the complaint of invol-
untary leakage accompanied by or immediately preceded by
urgency.



IV. Assessment of Incontinence 125

C. Mixed urinary incontinence is the complaint of invol-
untary leakage associated with urgency and also with exertion,
effort, sneezing, or coughing.
D. Overflow incontinence is urinary leakage in combination
with urinary retention. This is demonstrable clinically by mea-
suring high postvoid residuals in conjunction with observable
incontinence.
E. Continuous incontinence is the complaint of continu-
ous urinary leakage.
F. Nocturnal enuresis is urinary loss that occurs only dur-
ing sleep.
IV. Assessment of incontinence
A. History can provide important information regarding the
onset, duration, and severity of incontinence as well as the de-
gree of bother. In combination with the physical examination,
the history is crucial in determining whether invasive testing is
indicated. For example, one might suspect overflow incontinence
in a patient who has little sensation of bladder fullness, weak
urinary stream, continuous incontinence worsened by stress,
and little or no urgency. However, the diagnosis cannot be made
on history alone, and treatment decisions must be based on
objective findings. A full review of systems and medical, sur-
gical, medication, allergy, social, and family histories should be
obtained. The comprehensive history of urinary incontinence
should include the following:
1. Identification of the type of incontinence: stress, urge,
overflow, etc.
2. Duration of symptoms.
3. Prior therapies attempted, both medical and surgical,
and response to those therapies.
4. Inciting event: surgery, injury, childbirth, and neuro-
logic insult.
5. Severity. This is often described by pad use: number,
type, threshold for changing. It may also be described in terms
of degree of bother. Ancillary tools may also be used to assess
severity:
a. Micturition or bladder diary (Appendix 1).
b. Incontinence Impact Questionnaire (Appendix 2).
c. Urogenital Distress Inventory (Appendix 3).
d. Quality-of-Life Index (Appendix 4).
e. American Urological Association symptom score.
6. Medications can cause or worsen incontinence.
a. Sympatholytics (e.g., clonidine, terazosin) can weaken
sphincter tone.
b. Sympathomimetics (e.g., pseudoephedrine, imipramine)
can cause urinary retention and overflow incontinence
c. Diuretics can unmask or worsen pathology.
7. Associated lower urinary tract symptoms. Urgency,
frequency, nocturia, hesitancy, straining, decreased force
of stream, intermittency, pain with urination, suprapubic
pain or pressure, and sensation of incomplete void should be
evaluated.
8. Symptoms associated with pelvic organ prolapse
should also be discussed during the interview and include any
introital bulge or mass, pelvic pressure, back pain, heaviness,
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inability to retain a tampon, and constipation requiring vagi-
nal evacuation.
9. Associated histories
a. Obstetric and gynecologic history
(1) Gravity, parity, outcomes, and complications.
(2) Vaginal delivery versus cesarean section, prolonged
second stage.
(8) Hysterectomy: vaginal versus abdominal incision,
oophorectomy, indication for surgery.
(4) Sexual activity, pain or leakage with intercourse.
(56) Menopause and hypoestrogenic state.
b. Past surgical history
(1) Pelvic surgery (e.g., abdominoperineal resection).
(2) Prior antiincontinence surgery, prostate surgery,
bladder surgery.
c. Neurologic history
(1) Back surgery or injuries (e.g., herniating or bulging
discs).
(2) Spinal cord injury.
(3) Cerebrovascular accident.
(4) Parkinson’s disease.
(5) Multiple sclerosis.
(6) Diabetes.
(7) Myelodysplasia.
d. Gastrointestinal history
(1) Diarrhea.
(2) Constipation (suspicious for rectocele).
(8) Fecal incontinence (suspicious for neurologic lesion).
e. Other genitourinary history
(1) Urinary tract infection.
(2) Hematuria.
(3) Kidney stones.
(4) Prior urinary retention.
(5) Pediatric genitourinary history (e.g., ureteral re-
implantation).
(6) In men: prostate surgery, urethral stricture, blad-
der stones.
(7) In women: prior antiincontinence or pelvic surgery
(risk of ISD).

B. Physical exam should focus on the abdomen and pelvis.
1. Abdominal examination may reveal presence of ten-
derness, palpable masses, suprapubic fullness (distended
bladder), and hernias. The patient should also be evaluated
for costovertebral angle tenderness. Careful note should be
made of all surgical scars, which should be correlated with
the history.

2. Female pelvis

a. External genitalia are examined for signs of chronic

wetness (erythema, skin breakdown), atrophy (pale, shiny

mucosa), and labial adhesions.

b. Internal pelvic organs
(1) Urethral examination may demonstrate recess,
stenosis, masses, or tenderness. Urethral hypermobility
and stress incontinence, if present, will be exhibited on
Valsalva or cough maneuvers.
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(2) Vaginal examination may reveal atrophic vagini-
tis or discharge. Bimanual examination can reveal vagi-
nal narrowing or palpable scars (e.g., episiotomy or prior
surgery). For diagnosis of pelvic organ prolapse, half
of a lubricated translucent vaginal speculum should be
inserted and examination of the anterior and posterior
vaginal walls should be performed both at rest and dur-
ing Valsalva maneuvers. Cystocele, enterocele, and rec-
tocele are defined as follows:
(a) Cystocele: herniation of the bladder into the an-
terior vaginal wall. Anterior vaginal wall deficiency
leads to either an anterior cystocele (weakness of lat-
eral supports) or a posterior cystocele (central defect)
(Fig. 9.1).
(b) Enterocele: herniation of small bowel or omen-
tum into the vagina. Apical vaginal wall weakness
leads to an enterocele.
(¢) Rectocele: herniation of rectum into the vagina.
Posterior vaginal wall weakness can lead to a low,
midvaginal, or high rectocele.
(d) Classification of pelvic organ prolapse. A
number of classification systems have been developed
to provide the basis for objective, reproducible clinical
examination. These describe the prolapsed organ in ref-
erence to the hymen or the introitus, assigning a grade
or degree of prolapse. Baden and Walker (1972) classi-
fied grade I (proximal) to grade IV (complete eversion)
prolapse based on distance of the organ from the hyme-
neal ring. More recently, the Pelvic Organ Prolapse
Quantification System has been developed and is
based on the distance of six vaginal reference points
from the hymen. This system does not attempt to iden-
tify the prolapsed organ. The classification ranges from
stage 0 (no prolapse) to stage IV (vaginal eversion).

uterus
bladder

cystocele

Fig. 9.1. Anatomic relationship of cystocele and vagina.
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3. Neurologic exam

a. The sensory exam can help locate the level of sensory
deficit. Important reference points include the following:
(1) T5 =nipple level.
(2) T10 =umbilicus.

(3) L3 =knee.
(4) S3to S5 =perineum, labia.
b. Reflexes

(1) Deep tendon reflexes: altered in muscular/periph-
eral nerve pathology.
(a) L3 to L4 =quadriceps.
(b) L5 to S2 = Achilles tendon.
(2) Cutaneous reflexes: response to stimuli applied to
the skin.
(a) S2toS4 nerve roots = Bulbocavernosus (sacral)
reflex. During rectal examination, the glans penis or
glans clitoris is squeezed, resulting in reflex contrac-
tion of the anal sphincter and bulbocavernosus mus-
cles. This reflex will be absent in approximately 30%
of normal women, but absence of the reflex is a reliable
indicator of neurologic disease in men.
(b) L1 to L2 = cremasteric reflex
(i) T6 to L2 = abdominal reflex.
(i1) S2to S5 =anal reflex.

C. Urodynamic studies assess lower urinary tract function
by measuring physiologic parameters (pressure, volume, flow,
leak, and bladder descent). Guided by the patient’s history and
physical exam, the urodynamic measurements can help deter-
mine the underlying pathophysiologic process and aid in mak-
ing treatment decisions.

Indications. It is arguable whether formal urodynamic

evaluation is necessary before treatment of urinary inconti-
nence. However, urodynamic evaluation is recommended in
the following situations:

Failure of prior treatment.

Mixed incontinence (stress and urge).

Inconsistent history with respect to clinical findings.
Young men with lower urinary tract symptoms.
Neurologic disease.

Prior prostate surgery.

Children with atypical patterns of incontinence.

"mmope T

2. Components of the urodynamlc examination

a. Uroflowmetry is a noninvasive recording of the rate of
urine flow in milliliters per second. The maximum flow rate
and voided volume offer very important data, especially
when interpreted in concert with a postvoid residual and the
remainder of the urodynamic data. The voided volume must
be at least 150 mL to provide a reliable measure of outflow
resistance.

b. Cystometrogram involves filling the bladder while
recording the pressure—volume relationship. Abnormal
bladder sensation, compliance, and detrusor overactivity
can be detected.

c. Voiding pressure study records the pressure in the
bladder concurrently with the urine flow rate. High void-
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ing pressures could indicate abdominal straining or, in its
absence, obstruction.
d. Assessment of urethral function
(1) The detrusor leak point pressure measures the
lowest intravesical pressure that will produce urine
leakage in the absence of detrusor contraction.
(2) The Valsalva or abdominal leak point pressure
measures the intraabdominal pressure that will cause
leakage of urine in the absence of detrusor contraction. A
normal urethra should not leak with increased intra-
abdominal pressure.
(8) The urethral pressure profile is an indication of
urethral resistance at various points along the urethra.
It is measured by withdrawing a perforated urethral
catheter and graphing the pressure at recorded catheter
lengths.
e. Electromyogram measures sphincter activity con-
current with the rest of the exam. Either electrodes are at-
tached to the perineal skin, or needles are placed directly
into the urethral sphincter.
f. Videourodynamics combine cystography with uro-
dynamics to observe for leak point pressures, bladder neck
descent, and the physical appearance of the bladder (e.g.,
diverticula).
D. Imaging studies
1. The voiding cystourethrogram (VCUG) allows one to
radiographically record urinary incontinence. The patient is
asked to strain with a full bladder, at which time leakage, if
present, is recorded radiographically. The VCUG may also be
used as an objective measure of the degree of a cystocele. The
extent of bladder descent below the inferior border of the pubic
symphysis is measured. A distance of 0 to 2 cm below the sym-
physis corresponds to a grade 1 cystocele, 2 to 5 cm below the
inferior border of the symphysis to grade 2, and >5 cm to a
grade 3 cystocele. This radiologic study has proven useful as
an objective outcome measure following cystocele repair.
2. Magnetic resonance imaging may also be used as a
radiographic measure of pelvic organ prolapse. This study is
useful because it provides detailed anatomic information on
the pelvic organs without radiation exposure to the patient.
The disadvantage to using this form of imaging is that it
must be done in the supine position and may underestimate
the degree of prolapse.
V. Treatment
A. Nonsurgical
1. Behavioral modification is an education-based pro-
gram that teaches patients about their contribution to and
control over their urinary symptoms. For example, excessive
fluid or caffeine intake and delayed voiding are habits that
are modifiable for symptomatic improvement. The program
may include a voiding diary (Appendix 1), fluid/dietary man-
agement, timed voiding, and urge inhibition.
2. Pelvic floor therapy. “Kegel exercises” is the widely
used term for any type of pelvic floor strengthening. These ex-
ercises have proven to be beneficial in treating stress urinary
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incontinence. However, their efficacy relies heavily upon pa-
tient compliance.

3. Biofeedback is a modification of pelvic floor therapy, in-
corporating the use of “feedback” in training the patient to
gain control of pelvic musculature. The feedback information
can be based on physical examination, vaginal cones in
women, or other signals (e.g., bladder pressure, electromyo-
graphy). The therapy can be basic or advanced, ranging from
home instruction to regular office visits.

4. Urethral inserts. The Food and Drug Administration
has approved various urethral meatal devices and inserts for
women with pure stress urinary incontinence. Each has a
mechanism to keep it in place (e.g., a balloon) and acts as a
plug to prevent urine escape.

5. Pessary. Various intravaginal devices are available for
support and reduction of pelvic organ prolapse. These devices
may also be equipped with a knob for direct urethral pressure
when urinary incontinence is present. A physician must fit
the devices.

6. Cunningham clamp. The Cunningham clamp (Fig. 9.2)
is an atraumatic clothespin-type device for clamping of the
male urethra. It is applied to the penis during social hours
and removed in order to void. It is best suited for ISD in men.
7. Indwelling catheters may be in the form of a urethral
Foley catheter or a suprapubic tube. Drainage of urine into a
bag is more controllable than random leakage. Indwelling
catheters may be responsible for considerable morbidity if
used improperly. The incidence of catheter-associated bac-
teriuria ranges from 3% to 10% per day of catheterization. In
addition to bacteriuria, indwelling catheters may produce
epididymitis/orchitis, periurethral abscess, and urethral ero-
sion in both male and female patients. Patients with in-
dwelling catheters also have an increased incidence of bladder
stones and bladder carcinoma. Catheter fixation is important
to prevent trauma to the bladder and urethra resulting from
traction on the catheter. All catheters tend to deteriorate over
time as they are exposed to urine. When the lumen becomes
obstructed, the catheter should be exchanged for one of the
same size and type. There are no hard data to support a par-
ticular schedule of catheter changes, but once a month is a
commonly used schedule.

8. The condom catheter is one of the most effective tech-
niques for managing incontinence in male patients. It con-
sists of a penile sheath, a collecting tube, and a drainage bag
(Fig. 9.2). The penile sheath is held in place by an adhesive
band or by adhesive inside the sheath. The drainage bag is
held in place by belts or straps around the leg. Some men
have difficulty keeping the sheath in place because the penis
is short or redundant penile skin is present. Such problems
may occasionally require circumcision or penile prosthetic
implants to increase the shaft length. Another problem is pe-
nile skin breakdown or necrosis from overzealous application
of the adhesive band.

9. The McGuire urinal consists of a heavy rubber collect-
ing pouch incorporated into an athletic supporter (Fig. 9.2).
The patient places the penis into the pouch, obviating the
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Adult diaper

Condom catheter
Examples of external collecting devices, occlusion, and absorbent aids.

Cunningham
clamp
Absorbent underwear

ig. 9.2.
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need for adhesive bands around the penis. The McGuire uri-
nal is best suited for moderately incontinent patients. With
severe incontinence, the McGuire urinal can be attached to a
leg bag. This device is not intended for nocturnal use.
10. Absorbent aids are usually made of disposable mater-
ial with a waterproof backing. Pads are commonly used by
both women and men for mild to moderate incontinence. The
pads can be worn under the patient’s usual underwear or
under absorbent underwear. Diapers for adults are available
in both disposable and reusable forms (Fig. 9.2). Absorbent
underpants can absorb much more urine than pads and are
less bulky than diapers (Fig. 9.2). Newer systems lock in fluid
in gel form and contain agents to counteract urine odor. Ex-
amples are the Tranquility system and Attends disposable
briefs.
Pharmacologic agents
1. Stress incontinence
a. a-Adrenergic agonists are aimed at increasing in-
ternal sphincter tone. Pseudoephedrine is the most easily
available. Although it has not been well studied for this ap-
plication, it is nevertheless widely used. The dose for the
immediate-release form is 30 to 60 mg PO qid. For the
extended-release form, the dose is 120 mg q12h. Adverse
effects include tachycardia, palpitations, arrhythmias, ner-
vousness, insomnia, dizziness, drowsiness, convulsions, hal-
lucinations, headache, diaphoresis, nausea, and vomiting.
The drug should be used cautiously in patients over age 60
and patients with hypertension, hyperthyroidism, diabetes
mellitus, cardiovascular disease, ischemic heart disease,
and increased intraocular pressure. Overdosage may cause
central nervous system depression and death.
b. Estrogens have been used in an effort to treat stress
urinary incontinence in postmenopausal women. Estrogen
is thought to affect adrenergic receptors, improve the ure-
thral mucosal seal, and improve blood supply to the vagi-
nal tissues.
(1) Oral estrogen has a first-pass effect on the liver
and increases hepatic production of thyroxine-binding
globulin, corticosteroid-binding globulin, triglycerides,
high-density lipoprotein cholesterol, and clotting factors,
whereas their production is only minimally increased by
transdermal or vaginal estrogen administration. Thus,
oral estrogen should be avoided in women with a tendency
to thrombosis or hepatic/gallbladder disease. Many oral
preparations of estrogen are available. Some are derived
from conjugated equine estrogens (Premarin), whereas
others are derived from plant sources (soy and yams). The
potency of various preparations differs significantly, and
therefore the doses of these estrogen preparations differ.
In general, 0.625 mg of conjugated estrogens, esterified es-
trogens, or estrone sulfate is equivalent to 1 mg of estra-
diol. The dose is 0.3 to 1.25 mg of Premarin qd or estradiol
1 to 2 mg qd.
(2) Vaginal estrogen has the advantage of minimal
exposure of other organs. Premarin vaginal cream in
doses of 0.3 to 0.6 mg/day can normalize vaginal cytology
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2.

in postmenopausal women and is thus a sufficient dose for
stress urinary incontinence. Each gram of Premarin vagi-
nal cream contains 0.625 mg of conjugated estrogens in a
nonliquefying base. The cream should be applied once
daily in a dose of 0.5 to 2 g for 4 weeks to achieve the de-
sired effect; the frequency can then be decreased to one to
two times weekly. At these doses, systemic effects are neg-
ligible, and there should be no concern about carcinogenic
effects. Similar effects can be obtained with 2 to 4 g/day of
estradiol cream intravaginally for 2 weeks, then gradually
reducing to one-half the initial dose for 2 weeks, followed
by a maintenance dose of 1 g one to three times per week.
Local administration of estrogen to the genitourinary
tract can also be accomplished with Estring, a vaginal
ring that releases 7.5 pg/day of estradiol. It is inserted
once every 3 months and does not need to be removed
during intercourse or bathing. The use of the Estring is
useful in women with significant prolapse. Finally, estro-
gen is available as vaginal tablets (25 ng of estradiol/
tablet) that are inserted into the vagina daily for 2 weeks
with one to two doses per week thereafter.
Detrusor overactivity

a. Antimuscarinic agents are used to suppress detru-
sor overactivity.

(1) Oxybutynin chloride (Ditropan) remains the stan-
dard antimuscarinic agent. While considered an antimus-
carinic agent, it also has important direct antispasmodic
effects on bladder smooth muscle. Onset of action is 30 to
60 minutes after ingestion, with peak effect seen 3 to
6 hours later and total duration of action 6 to 10 hours.
Oxybutynin should be used with caution in patients with
urinary tract obstruction, angle-closure glaucoma, hyper-
thyroidism, reflux esophagitis, or heart, hepatic, or renal
disease. It may cause confusion in elderly patients. Oxy-
butynin extended release (Ditropan XL) offers a slow-
release form of oxybutynin that, owing to its steady-state
level, is thought to avoid the side effects associated with
metabolism of the drug to active metabolites in the
liver. Immediate-release oxybutynin is supplied as a 5-mg
tablet; the dose is 1 to 4 tablets spaced out during the
day. The extended-release form is supplied in 5-, 10-, and
15-mg tablets. The dose is 1 tablet at bedtime.
(2) Tolterodine tartrate (Detrol) is a newer compet-
itive muscarinic receptor antagonist that demonstrates
selectivity for the detrusor muscle over the salivary
gland, thus decreasing the incidence of dry mouth. There
is an extended-release form (Detrol LA) that allows once-
daily dosing. Detrol LA and Ditropan XL have not been
directly compared with each other. Tolterodine exhibits
antimuscarinic side effects such as dry mouth, constipa-
tion, somnolence, headache, blurred vision, dizziness,
and dyspepsia.

The dose is 2 mg PO twice daily; the dose may be low-
ered to 1 mg twice daily based on individual response and
tolerability. For the extended-release form, the dose is
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2 or 4 mg PO at bedtime. Whereas dose reduction may be
needed for renal or hepatic dysfunction, no dose reduction
for the elderly is necessary.
(3) L-Hyoscyamine (Levsin) is an antimuscarinic
agent that also antagonizes histamine and serotonin. It
is used to treat overactive bladder, but controlled trials
demonstrating efficacy are lacking to date. It has rapid
onset of action and lasts 4 to 6 hours. The dose is 0.125
to 0.25 mg PO q4h prn. An extended-release form is
available that should be given at a dose of 0.375 to 0.75
mg PO q12h.
(4) Imipramine, a tricyclic antidepressant, is some-
times used for its theoretical effects of closing of the blad-
der neck and relaxing the detrusor. The mechanism of
action has been studied extensively without definitive
conclusion. Proposals include central anticholinergic or
antihistamine effects or an increase in serotonin and nor-
epinephrine concentration in the spinal cord presynaptic
nerves. Anticholinergic side effects and cardiotoxicity are
possible. The dose is 10 to 25 mg PO qid.
C. Surgical treatment of stress urinary incontinence
aims to improve the ability of the bladder outlet to resist in-
creased intraabdominal pressure. Improved urethral support
may benefit those with urethral hypermobility as well as those
with ISD. Keep in mind that most patients have both condi-
tions. In addition, when assessing cure and improvement rates,
it should be noted that there are no accepted outcome measures
or definition of cure.
1. Urethral bulking agents have been used to treat
stress urinary incontinence, whether due to ISD, urethral hy-
permobility, or both. However, they have been more effective
in cases due to ISD. The mechanism of action is improvement
of urethral coaptation. These agents are also capable of in-
creasing outlet resistance. The biggest disadvantage to their
use is poor long-term efficacy.
a. Glutaraldehyde cross-linked highly purified
bovine collagen has an initial success rate (subjective im-
provement) of 85% to 94%, falling to 26% to 65% at 2 years.
Skin testing is required 1 month prior to treatment to screen
for allergic reaction (1% to 4%).
b. Pyrolytic carbon-coated zirconium oxide beads
are large (251 to 300 pm) and nonreactive. Improvement
in continence in women is reported to be as high as 80%
12 months after injection. Acute retention has been re-
ported in 25% and urgency in 15%.
c. Autologous fat is inexpensive and nonallergenic.
However, resorption rates are high. Short-term success is
50% to 60%, with long-term improvement in 10% to 50% of
cases in various series.
d. Teflon (polytetrafluoroethylene) and Silicone
(polydimethylsiloxane elastomer suspension) have
been used but are not Food and Drug Administration ap-
proved for this indication.
2. Retropubic suspension procedures (colposuspen-
sions) aim to support and restore the bladder neck to its
retropubic location. Requiring a lower midline or Pfannen-
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stiel incision, these procedures are somewhat more morbid
than intravaginal procedures (see below). They are usually
performed if there is an indication for an intraabdominal ap-
proach (i.e., in association with an abdominal hysterectomy).
a. The Marshall-Marchetti-Krantz procedure fixes
and elevates the bladder neck by elevating the paraurethral
fascia and submucosal anterior vaginal wall toward the car-
tilaginous portion of the symphysis pubis. Objective conti-
nence of 90% is demonstrated at 3- to 12-month follow-up.
Subjective long-term success is 40% after 15 years. A signif-
icant risk of osteitis pubis (0.9% to 3.2%) is seen.
b. Burch colposuspension elevates the anterior vaginal
wall bilaterally toward the iliopectineal (Cooper’s) liga-
ments. Patients must have a mobile vaginal wall. Two to
four sutures are placed at 1-cm intervals starting at the
bladder neck and moving proximally; each incorporates sub-
mucosal vaginal wall and the iliopectineal ligament. Objec-
tive continence of 85% is demonstrated at 1 to 60 months
of follow-up. Subjective and objective cure is about 80% at
15 years.
3. Transvaginal bladder neck suspensions are some-
what less invasive than retropubic procedures and have be-
come the approach of choice. Initially promising results have
deteriorated slightly with time. Overall cure and dry rates
have been reported at 65% to 69% after 48 months of follow-
up. In general, pubovaginal slings and retropubic suspensions
have more durable success than transvaginal needle suspen-
sion procedures. As a result, the majority of these procedures
have fallen out of favor.
a. Pereyra needle suspension was the first transvagi-
nal needle suspension (1959) and utilized steel wires to
suspend the pericervical fascia from the abdominal wall
fascia. It has undergone a series of modifications to its most
recent version (1982), where the pubourethral ligaments
are bound to the endopelvic fascia and suspensory liga-
ments. This multilayered bolster decreased a previously
high rate of suture pull-through. Cure or marked improve-
ment rates are reported at 94.5% after 4 to 6 years.
b. Stamey needle suspension incorporated the use of
cystoscopic guidance to confirm placement of the suspen-
sory sutures at the level of the bladder neck. In addition,
Dacron pledgets were used to buttress the suture away
from the incision, in an effort to decrease the rate of suture
pull-out and erosion.
c. Gittes needle suspension is an “incisionless” tech-
nique that involves the incorporation of a full-thickness
bite of the vaginal wall that is eventually pulled through
the vaginal wall as an autologous pledget.
d. Modified Pereyra-Raz needle suspension includes
the urethropelvic ligament, pubocervical fascia, and vaginal
wall (sparing the epithelium) in helical suspensory sutures.
e. Modified four-corner bladder neck suspension
was developed for patients with a moderate cystocele (grade
2 or lower) due to a central defect. The two distal helical su-
tures are placed at the level of the bladder neck, incorpo-
rating the subepithelial vaginal wall, vesicopelvic fascia,
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and urethropelvic fascia. Two proximal sutures are placed
incorporating either the cardinal ligament complex or the
apical scar (in patients who have had a hysterectomy).
f. The pubovaginal sling involves the placement of sup-
porting material under the urethra, which is then attached
to a point of fixation, usually by sling sutures or bone an-
chors, to either the rectus fascia or the pubic bone. The sling
is effective in treating stress urinary incontinence due to
both ISD and urethral hypermobility by affecting outlet re-
sistance and anatomical position. The optimal degree of
sling tension remains unknown. Complications of pubovagi-
nal slings include acute transient urinary retention, which
is not uncommon and usually resolves within 4 weeks; long-
standing urinary retention, which occurs in 5% to 8%; de
novo urgency, developing in up to 25% of patients; and pre-
operative urgency, which persists in 46%. Genitofemoral
nerve entrapment may occur with autologous rectus fascia
harvest, and peroneal nerve injury may occur with fascia
lata harvest.
(1) Autologous sling materials include rectus fascia,
fascia lata, vaginal wall, round ligament, and dermis.
Rectus fascia and fascia lata are the most common. Suc-
cess rates with autologous rectus fascia vary from 46% to
100%, depending on the definition of success and method
of assessment. Preoperative urgency predicts poorer out-
come, although 50% to 70% of patients with mixed incon-
tinence have resolution of their urge symptoms after
pubovaginal sling.
(2) Allograft sling materials are those harvested
from a human donor. Cadaveric fascia and dermis are
sterilized to prevent disease transmission and used as
described above. Conflicting reports have arisen with re-
spect to efficacy, as some grafts may undergo autolysis
(degradation). There is also a theoretical risk of disease
transmission.
(3) Xenograft sling materials are harvested from
nonhuman donors. Porcine dermal and intestinal sub-
mucosal grafts are available, however, clinical data re-
garding safety and efficacy are lacking.
(4) Synthetic sling materials include monofilament
polypropylene mesh, multifilament polyester mesh, poly-
tetrafluoroethylene, silicon elastomer, and collagen-
injected woven polyester. Efficacy and complications
rates (e.g., urethral erosion) have been debated in the lit-
erature and limited the use of some of the products.
g. The tension-free transvaginal tape (TVT) procedure
incorporates the use of a polypropylene mesh that is not an-
chored. Success rates for treatment of urethral hypermobil-
ity are reported at 83% to 91%. TVT successfully treats ISD
in 61% to 77% of cases. Complications associated with TVT
include bladder perforation (0% to 23%), transient urinary
retention (3% to 17%), erosion (two reported cases), and,
rarely, external iliac vein perforation, hemorrhage, intesti-
nal perforation, and death due to trocar injury.

4. The artificial urinary sphincter (Fig. 9.3) can be used
in men and women with incontinence due to a poor urethral
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sphincteric mechanism. It involves placement of a synthetic
cuff around the bladder neck/proximal urethra; the cuff re-
mains inflated until intentional deflation by a scrotal or
labial pump. The largest series by Costa et al. (2001) found
success rates of 89% in patients with nonneurogenic and 82%
in those with neurogenic bladders. Complications include
erosion, infection, device failure, and intraoperative injury to
the urethra, bladder, and/or vagina. In the Costa et al. series,
51 patients experienced intraoperative injuries and 14 re-
quired explantation of the device at a median of 11 months
post procedure.
5. Urinary diversion is indicated as a last resort in some
patients with stress or urge urinary incontinence that is re-
fractory to the above-mentioned treatment options.

D. Surgical treatment of urge urinary incontinence
1. Augmentation cystoplasty using bowel segments can
be performed for patients with overactive bladder refractory to
medication. Creation of a low-pressure system will decrease
stimulation of sensory afferents. Intermittent catheterization
will usually be required to completely empty the bladder. If
stress incontinence is also present, this procedure may be com-
bined with a pubovaginal sling or artificial urinary sphincter.
2. Sacral neuromodulation may be used in patients
with overactive bladder or urinary retention refractory to
medical or conservative management. This involves place-
ment of a surgical electrode permanently stimulating S3 af-
ferent or motor nerves. Pretreatment evaluation includes
evaluation of bladder capacity and response to peripheral
nerve stimulation.
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Appendix 1. Sample Voiding Diary
Amount
Volume Leakage | Leakage No. Pads
Date| Time | (mLoroz) | (Y/N) (Large/Small) | Used
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