PEARLSorWISDOM |

Urology
Board Review

FOURTH EDITION

More than 4,000 questions

Covers all core topics CONCIsE

on the urology hoards :
RAPID

New chapters on bladder cancer, -

laparoscopic surgery, and robotics EFFE CTIVE

Stephen W. Leslie




Urology

BOARD REVIEW

Fourth Edition

Stephen W. Leslie, MD, FACS

Associate Professor of Surgery and Chief, Division of Urology
Department of Surgery
Creighton University School of Medicine
Omaha, Nebraska

Mc

A | Medical

Education

New York Chicago San Francisco Lisbon London Madrid Mexico City
Milan  New Delhi San Juan Seoul Singapore Sydney Toronto



Education

Copyright © 2013, 2009, 2006 by McGraw-Hill Education LLC. All rights reserved. Except as permitted under the United States Copyright Act of
1976, no part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or retrieval system, without
the prior written permission of the publisher.

ISBN: 978-0-07-179927-0
MHID: 0-07-179927-3

The material in this eBook also appears in the print version of this title: ISBN: 978-0-07-179926-3,
MHID: 0-07-179926-5.

All trademarks are trademarks of their respective owners. Rather than put a trademark symbol after every occurrence of a trademarked name, we
use names in an editorial fashion only, and to the benefit of the trademark owner, with no intention of infringement of the trademark. Where such
designations appear in this book, they have been printed with initial caps.

McGraw-Hill Education eBooks are available at special quantity discounts to use as premiums and sales promotions, or for use in corporate training
programs. To contact a representative please e-mail us at bulksales@mcgraw-hill.com.

Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our knowledge, changes in treatment and drug therapy are
required. The authors and the publisher of this work have checked with sources believed to be reliable in their efforts to provide information that
is complete and generally in accord with the standards accepted at the time of publication. However, in view of the possibility of human error or
changes in medical sciences, neither the authors nor the publisher nor any other party who has been involved in the preparation or publication of
this work warrants that the information contained herein is in every respect accurate or complete, and they disclaim all responsibility for any errors
or omissions or for the results obtained from use of the information contained in this work. Readers are encouraged to confirm the information
contained herein with other sources. For example and in particular, readers are advised to check the product information sheet included in the
package of each drug they plan to administer to be certain that the information contained in this work is accurate and that changes have not been
made in the recommended dose or in the contraindications for administration. This recommendation is of particular importance in connection with
new or infrequently used drugs.

TERMS OF USE

This is a copyrighted work and McGraw-Hill Education, LLC. and its licensors reserve all rights in and to the work. Use of this work is subject to
these terms. Except as permitted under the Copyright Act of 1976 and the right to store and retrieve one copy of the work, you may not decompile,
disassemble, reverse engineer, reproduce, modify, create derivative works based upon, transmit, distribute, disseminate, sell, publish or sublicense
the work or any part of it without McGraw-Hill Education’s prior consent. You may use the work for your own noncommercial and personal use;
any other use of the work is strictly prohibited. Your right to use the work may be terminated if you fail to comply with these terms.

THE WORK IS PROVIDED “AS IS.” McGRAW-HILL EDUCATION AND ITS LICENSORS MAKE NO GUARANTEES OR
WARRANTIESASTOTHEACCURACY,ADEQUACY OR COMPLETENESS OF ORRESULTSTOBEOBTAINED FROM USINGTHE WORK,
INCLUDING ANY INFORMATION THAT CAN BE ACCESSED THROUGH THE WORK VIA HYPERLINK OR OTHERWISE, AND
EXPRESSLY DISCLAIM ANY WARRANTY, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. McGraw-Hill Education and its licensors do not warrant or guarantee
that the functions contained in the work will meet your requirements or that its operation will be uninterrupted or error free. Neither McGraw-Hill
Education nor its licensors shall be liable to you or anyone else for any inaccuracy, error or omission, regardless of cause, in the work or for any
damages resulting therefrom. McGraw-Hill Education has no responsibility for the content of any information accessed through the work. Under
no circumstances shall McGraw-Hill Education and/or its licensors be liable for any indirect, incidental, special, punitive, consequential or similar
damages that result from the use of or inability to use the work, even if any of them has been advised of the possibility of such damages. This
limitation of liability shall apply to any claim or cause whatsoever whether such claim or cause arises in contract, tort or otherwise.



DEDICATION

To Scott Plantz, MD, who decided at the last minute to give me this unique editorial
opportunity; to all of my urological colleagues who worked hard as contributing
authors to review, update, and expand their chapters and who spared me from
having to do all that work myself; to Neil Baum, MD, who was happy
to provide a useful and interesting article as an extra added “bonus”;
and to my administrative assistant, Amanda Biehle, who discovered
on her first day on the job that, in addition to all of her other
responsibilities, she also had to organize and coordinate all
the chapters and contributing authors for this book.

Stephen



This page intentionally left blank



This page intentionally left blank



CONTRIBUTORS

Himanshu Aggarwal, MD, MSc
Resident of Urology

Division of Urology

Albany Medical College

Albany, New York

Treatment of Locally Advanced or Recurrent
Prostate Cancer

Madhu Alagiri, MD

Associate Professor of Surgery
University of California, San Diego
Vice Chair

Department of Pediatric Urology
Rady Children’s Hospital

San Diego, California

Megaureter, Ectopic Ureter, and Ureterocele

David M. Albala, MD

Chief of Urology

Crouse Hospital

Medical Director

Associated Medical Professionals
Syracuse, New York

Radionuclide Studies
Upper Urinary Tract Obstruction
Adult Urinary Tract Infections

Anthony Atala, MD

Professor and Chair

Department of Urology

‘Wake Forest Baptist Medical Center
Winston-Salem, North Carolina

Congenital Disorders of the Lower Urinary Tract

Marcus W. Balters, MD

Assistant Professor of Surgery

Department of Surgery

Creighton University School of Medicine
Division of Cardiovascular and Thoracic Surgery
Creighton University Medical Center

Omaha, Nebraska

Renovascular Hypertension

*Dr. Bloch was contributing author from the previous edition of the work.

Daniel A. Barocas, MD, MPH
Assistant Professor

Department of Urologic Surgery
Vanderbilt University Medical Center
Nashville, Tennessee

Adrenal Physiology

Neil Baum, MD

Clinical Associate Professor
Department of Urology

University of Tulane Medical School
New Orleans, Louisiana

Getting to the 1op of Google in 5 Steps

Mark F. Bellinger, MD
Emeritus Clinician

Children’s Hospital of Pittsburgh
University of Pittsburgh
Pittsburgh, Pennsylvania

Embryology of the Genitourinary Tract

Jay Laurence Bloch, MD*

Chief

Department of Urology

Urological Specialists of Southern New Jersey
Voorhees, New Jersey

Renovascular Hypertension

Emily Blum, MD
Resident Physician
Department of Urology

Beaumont Health System
Royal Oakland, Michigan

Bladder Cancer

William O. Brant, MD, FACS
Assistant Professor

Division of Urology

University of Utah

Salt Lake City, Utah

Urethral Strictures



X  Contributors

Benjamin N. Breyer, MD, MAS
Assistant Professor

Department of Urology

University of California, San Francisco
San Francisco, California

Urethral Lesions

Thomas Chi, MD

Clinical Instructor

Department of Urology

University of California, San Francisco
San Francisco, California

Genitourinary Tuberculosis

Bilal Chughtai, MD
Assistant Professor
Department of Urology
Weill Cornell Medical Center
New York, New York

Surgical Anatomy of the Pelvis

Christopher L. Coogan, MD, FACS
Professor of Urology

Department of Urology

Rush University Medical Center
Chicago, Illinois

Urinary Diversion and Undiversion

Paul L. Crispen, MD
Assistant Professor
Department of Urology
University of Florida

Gainesville, Florida

Adrenal Tumors
Renal Tumors, Adults

James M. Cummings, MD

Professor

Department of Surgery

University of Missouri School of Medicine
Columbia, Missouri

Genitourinary Trauma

John W. Davis, MD

Assistant Professor of Urology

The M.D. Anderson Cancer Center
The University of Texas

Houston, Texas

Penile Cancer

David A. Diamond, MD
Professor of Surgery (Urology)
Harvard Medical School
Urologist-in-Chief

Boston Children’s Hospital
Boston, Massachusetts

Disorders of Sexual Development

Kevin M. Feber, MD, FAAP
Associate Professor of Urology
Department of Urology

Oakland University

William Beaumont School of Medicine

Beaumont Health System
Royal Oakland, Michigan

Congenital Disorders of the Upper Tracts

Fernando A. Ferrer, MD, FAAP, FACS
Vice Chairman

Department of Surgery

Associate Professor

Surgery (Urology) and Pediatrics (Oncology)
University of Connecticut School of Medicine
Farmington, Connecticut

Executive Vice President, Medical Affairs
Surgeon-in-Chief

Director Division Pediatric Urology
Connecticut Children’s Medical Center
Hartford, Connecticut

Urological Emergencies in the Newborn
Pediatric Oncology

Andrew I. Fishman, MD
Attending

Department of Urology
New York Medical College
Valhalla, New York

Renal/Ureteral Stone Surgery

Matthew T. Gettman, MD
Professor of Urology
Department of Urology
Mayo Clinic

Rochester, Minnesota

Adrenal Tumors
Renal Tumors, Adults



Cameron Ghaffary, BS

Medical Student, Class of 2014

Division of Urology

Creighton University School of Medicine
Omaha, Nebraska

Surgical Anatomy of the Pelvis

Reza Ghavamian, MD

Professor and Chairman
Department of Urology

Montefiore Medical Center

Albert Einstein College of Medicine
Bronx, New York

Squamous Cell Carcinoma and Adenocarcinoma

of the Bladder

Gamal M. Ghoniem, MD, FACS
Professor and Vice Chairman
Department of Urology
University of California

Orange, California

Urodynamics

Leonard Glickman, MD
House Staff Physician
Department of Urology
Lenox Hill Hospital

New York, New York

Neurogenic Voiding Dysfunction

Marc Goldstein, MD, DSc (Hon), FACS

Matthew P. Hardy Distinguished Professor of
Reproductive Medicine and Urology

Surgeon-in-Chief

Male Reproductive Medicine and Microsurgery

New York Presbyterian Hospital-Weill Cornell
Medical College

New York, New York

Male Infertiliry

Michael Grasso III, MD
Professor and Vice Chairman
Department of Urology
New York Medical College
Valhalla, New York

Renal/Ureteral Stone Surgery

Contributors  Xi

Graham F. Greene, MD, FACS
Chief Medical Officer

Director Urologic Oncology
Lakeland Regional Health System
Lakeland, Florida

Retroperitoneal Anatomy

A. Ari Hakimi, MD

Urologic Oncology Fellow

Department of Surgery, Urology Service
Memorial Sloan-Kettering Cancer Center

New York, New York

Squamous Cell Carcinoma and Adenocarcinoma

of the Bladder

J. Nathaniel Hamilton, MD
Affiliate Instructor
Department of Surgery
Brody School of Medicine
East Carolina University
Greenville, North Carolina

Interstitial Cystitis and Other Inflammatory Conditions
of the Lower Urinary Tract

Brian J. Hamm, MD

Chief Radiology Resident
Department of Radiology

Creighton University Medical Center
Omaha, Nebraska

Uroradiology
Radiology: CT/Ultrasound/MRI

Sang Won Han, MD, PhD

Professor and Chairman

Department of Urology and Pediatric Urology

Yonsei University College of Medicine/Severance Hospital
Seoul, Korea

Enuresis

Miriam Harel, MD

Pediatric Urology Fellow

Division of Urology

Connecticut Children’s Medical Center
University of Connecticut School of Medicine
Hartford, Connecticut

Urological Emergencies in the Newborn

Pediatric Oncology



xii  Contributors

George P. Hemstreet III, MD, PhD
Chief of Urology

Veterans Administration Hospital
Consult in Urology

Creighton University

University of Nebraska Medical Center
Children’s Hospital

Omaha, Nebraska

Diagnosis and Staging of Prostate Cancer
Surgical Therapy for Prostate Cancer

Michael P. Hoeh, MD
Resident Physician
Department of Urology
Rush University Hospital
Chicago, Illinois

Urinary Diversion and Undiversion

Johann P. Ingimarsson, MD

Urology Resident

Department of Surgery, Section of Urology
Dartmouth Hitchcock Medical Center
Lebanon, New Hampshire

Testicular and Paratesticular Tumors

Sudhir Isharwal, MD

Department of Urology

University of Nebraska Medical Center
Omaha, Nebraska

Diagnosis and Staging of Prostate Cancer
Surgical Therapy for Prostate Cancer

Jonathan I. Izawa, MD, FRCSC

Associate Professor

Departments of Surgery, Oncology and Pathology
Divisions of Urology and Surgical Oncology
Schulich School of Medicine and Dentistry
Western University

Victoria, London

Surgical Anatomy of the Pelvis

Thomas W. Jarrett, MD
Professor and Chairman
Department of Urology

George Washington University
School of Medicine

Washington, District of Columbia

TCC of the Upper Urinary Tracts

Forrest Jellison, MD

Clinical Instructor Fellow
Department of Urology

David Geffen School of Medicine
University of California, Los Angeles
Los Angeles, California

Female Incontinence and Vesicovaginal Fistula

Justin D. Johnson, MD

Resident Physician

Department of Surgery

Section of Urology

University of Nebraska Medical Center
Omaha, Nebraska

Laparoscopic and Robotic Urologic Surgery

Kelly C. Johnson, MD

Clinical Instructor

Department of Urology

Medical University of South Carolina
Charleston, South Carolina

Interstitial Cystitis and Other Inflammatory Conditions
of the Lower Urinary Tract

Evan J. Kass, MD, FACS, FAAP
Professor of Urology

Oakland University

William Beaumont School of Medicine
Beaumont Health System

Chief, Division of Pediatric Urology
Beaumont Children’s Hospital

Royal Oakland, Michigan

Congenital Disorders of the Upper Tracts

Howard H. Kim, MD

Director, Male Reproductive Medicine and Microsurgery

Cedars-Sinai Medical Center
Los Angeles, California

Male Infertiliry

Ja-Hong Kim, MD

Assistant Professor

Department of Urology

David Geffen School of Medicine
University of California, Los Angeles
Los Angeles, California

Female Incontinence and Vesicovaginal Fistula



Neil A. King, MD

Resident Physician

Department of Surgery

University of Medicine and Dentistry of New Jersey
New Jersey Medical School

Newark, New Jersey

Cryprorchidism: Diagnosis and Management

Zachary Klaassen, MD

Resident

Department of Surgery, Section of Urology
Georgia Health Sciences University
Augusta, Georgia

Prostatic Hyperplasia

Laurence Klotz, MD

Professor of Surgery

University of Toronto

Sunnybrook Health Sciences Centre
Toronto, Ontario

Intestinal Segments in Urology

Michael O. Koch, MD

Chairman and John P. Donohue Professor
Department of Urology

Indiana University School of Medicine
Indianapolis, Indiana

Urothelial Carcinoma of the Bladder

Badrinath R. Konety, MD, MBA
Chair at University of Minnesota
Department of Urology

University of Minnesota Medical School
Minneapolis, Minnesota

Urethral Lesions

Harry P. Koo, MD, FAAP, FACS
Chief, Pediatric Urology

Hackensack University Medical Center
Hackensack, New Jersey

Cryprorchidism: Diagnosis and Management

Howard J. Korman, MD, FACS
Attending Physician

Department of Urology

William Beaumont Hospital
Royal Oakland, Michigan

Bladder Cancer

Contributors

Gregory J. Kubicek, MD

Assistant Professor

Department of Radiation Oncology
Cooper University Hospital
Camden, New Jersey

Radiation Therapy for Prostate Cancer

Udaya Kumar, MD, FRCS Urol, Dip Urol (Lon)
Advanced Urology Specialist

Homosassa, Florida

Attending Urologist

Seven Rivers Regional Medical Center

Crystal River, Florida

Attending Urologist

Citrus Memorial Hospital

Inverness, Florida

Radionuclide Studies
Upper Urinary Tract Obstruction
Adult Urinary Tract Infections

Chad A. LaGrange, MD, FACS
Associate Professor and Chief

Division of Urology

University of Nebraska Medical Center
Omaha, Nebraska

Laparoscopic and Robotic Urologic Surgery

Hyeyoung Lee, MD, MS

Clinical Assistant Professor

Department of Urology and Pediatric Urology
Yonsei University College of Medicine
Severance Hospital

Seoul, Korea

Enuresis

Stephen W. Leslie, MD, FACS
Associate Professor of Surgery

Chief, Division of Urology

Department of Surgery

Creighton University School of Medicine
Omaha, Nebraska

Prostatic Hyperplasia

Peyronie Disease and Penile Fractures
Urological Grab Bag Challenge

Just for Fun: Urology Trivia

xiii



xiv  Contributors

Mary Ann C. Lim, MD
Athens, Georgia

Renal Physiology

Jessica C. Lloyd, MD

Resident

Division of Urology

Duke University Medical Center
Durham, North Carolina

Renal Tumors, Children

Tom E. Lue, MD, ScD (Hon), FACS
Professor

Department of Urology

University of California, San Francisco
San Francisco, California

Urethral Strictures
Male Sexual Function and Dysfunction

John H. Makari, MD, MHA, MA
Assistant Professor of Surgery (Urology)
University of Connecticut

School of Medicine

Farmington, Connecticut

Attending, Pediatric Urologist
Connecticut Children’s Medical Center
Hartford, Connecticut

Urological Emergencies in the Newborn

Elizabeth Malm-Buatsi, MD
Fellow

Pediatric Urology

University of Oklahoma
Oklahoma City, Oklahoma

Prune-Belly Syndrome

David Margel, MD

Urologic Oncology Fellow
Division of Urology

Department of Surgical Oncology
University of Toronto

Toronto, Ontario

Intestinal Segments in Urology

Patrick H. McKenna, MD, FACS, FAAP
Professor and Chief

Division of Pediatric Urology

Department of Urology

University of Wisconsin

School of Medicine and Public Health
Madison, Wisconsin

Urological Emergencies in the Newborn

Akanksha Mehta, MD

Fellow in Male Reproductive
Medicine and Microsurgery

Department of Urology

Weill Cornell Medical College

New York, New York

Male Infertiliry

Badar M. Mian, MD, FACS
Associate Professor of Surgery
Division of Urology

Albany Medical College
Albany, New York

Treatment of Locally Advanced or Recurrent
Prostate Cancer

Michael C. Morris, MD, FACS

Associate Professor of Surgery

Surgical Director, Kidney/Pancreas Program
Transplant Surgeon

University of Nebraska Medical Center
Omaha, Nebraska

Renal Transplantation

Jeremy B. Myers, MD, FACS
Assistant Professor

Division of Urology
University of Utah

Salt Lake City, Utah

Urethral Strictures

Durwood E. Neal, Jr, MD, FACS
Professor and Chair of Urology
Department of Surgery

School of Community Medicine
University of Oklahoma

Medical Director

Urology Center at Hillcrest
Hillcrest Medical Center

Tulsa, Oklahoma

Prostatitis



Elizabeth A. Phillips, MD
Urology Resident
Department of Urology
Boston Medical Center
Boston, Massachusetts

Medical Aspects of Urolithiasis

Derek Prabharasuth, MD
Urology Resident
Department of Urology
New York Medical College
Valhalla, New York

Renal/Ureteral Stone Surgery

Pramod P. Reddy, MD

Professor of Clinical Surgery

University of Cincinnati

Division Director of Pediatric Urology
Cincinati Children’s Hospital Medical Center
Cincinnati, Ohio

Radionuclide Studies

Matthew J. Resnick, MD

Instructor

Department of Urologic Surgery
Vanderbilt University Medical Center
Nashville, Tennessee

Adrenal Physiology

Kevin R. Rice, MD

Urologic Oncology Fellow
Department of Urology

Indiana University School of Medicine
Indianapolis, Indiana

Urothelial Carcinoma of the Bladder

Julie M. Riley, MD
Assistant Professor
Division of Urology
University of New Mexico
Albuquerque, New Mexico

Prune-Belly Syndrome

Ron Romano
President, Instant Marketing Systems
Carlisle, Ontario

Gerting to the Top of Google in 5 Steps

Contributors

Jonathan C. Routh, MD, MPH
Assistant Professor

Division of Urology

University Medical Center
Durham, North Carolina

Renal Tumors, Children

Eric S. Rovner, MD

Professor of Urology

Department of Urology

Medical University of South Carolina
Charleston, South Carolina

Interstitial Cystitis and Other Inflammatory Conditions
of the Lower Urinary Tract

Megan S. Schober, MD, PhD
Chief Resident

Department of Urology
Beaumont Health System
Royal Oakland, Michigan

Congenital Disorders of the Upper Tracts

John D. Seigne, MB, FACS

Associate Professor of Surgery (Urology)
Geisel School of Medicine
Dartmouth-Hitchcock Medical Center
Lebanon, New Hampshire

Testicular and Paratesticular Tumors

Alan W. Shindel, MD
Assistant Professor in Residence
Department of Urology
University of California, Davis
Sacramento, California

Male Sexual Function and Dysfunction

W. Bruce Shingleton, MD
Professor of Urology

Division of Urology

Georgia Health Science University
Augusta, Georgia

Prostatic Hyperplasia

Gopi Kiran Reddy Sirineni, MBBS, MD
Assistant Professor

Department of Radiology

Creighton University Medical Center
Omaha, Nebraska

Uroradiology
Radiology: CT/Ultrasound/MRI

XV



xvi  Contributors

Emil Tanagho, MD

Professor

Chairman Emeritus

Department of Urology

University of California, San Francisco
San Francisco, California

Genitourinary Tuberculosis

Alexis E. Te, MD

Professor of Urology

Weill Medical College of Cornell University
New York, New York

Surgical Anatomy of the Pelvis

Mark R. Wakefield, MD, FACS
Associate Professor and Chief

Division of Urology

University of Missouri School of Medicine
Columbia, Missouri

Prune-Belly Syndrome

David S. Wang, MD

Associate Professor

Department of Urology

Boston University School of Medicine
Boston, Massachusetts

Medical Aspects of Urolithiasis

John Chandler Williams, MD, MS
Chairman

Department of Surgery

Baptist Medical Center—Beaches
Attending Urologist

Beaches Urology

Jacksonville Beach, Florida

Benign Renal Cystic Disease

Michael B. Williams, MD, MS

Assistant Professor

Department of Urology

Leroy T. Canoles, Jr. Cancer Research Center
Eastern Virginia Medical School

Norfolk, Virginia

Penile Cancer

Jeffrey P. Wolters, MD, MPH

Resident Physician

Division of Urology

Virginia Commonwealth University
School of Medicine

Richmond, Virginia

Cryprorchidism: Diagnosis and Management

George P. H. Young, MD, FACS
Attending Urologist

Department of Urology

Lenox Hill Hospital

New York, New York

Neurogenic Voiding Dysfunction

Ashraf Youssef, MD, MBA
Assistant Professor

Department of Radiation Oncology
Cooper University Hospital
Camden, New Jersey

Radiation Therapy for Prostate Cancer

Richard N. Yu, MD, PhD
Instructor in Surgery (Urology)
Department of Urology
Boston Children’s Hospital and

Harvard Medical School
Boston, Massachusetts

Disorders of Sexual Development

Vladimir Yutkin, MD

Urologic Oncology Fellowship Program
Departments of Surgery and Oncology
University of Western Ontario

London, Ontario

Surgical Anaromy of the Pelvis



INTRODUCTION

Congratulations! Urology Board Review: Pearls of Wisdom will help you pass urology and improve your board scores.
Urology Board Review’ unique format differs from all other review and test preparation texts. Let us begin, then, with a
few words on purpose, format, and use.

The primary intent of Urology Board Review is to serve as a rapid review of urology principles and serve as a study aid
to improve performance on urology written and practical examinations. With this goal in mind, the text is written

in rapid-fire, question/answer format. The reader receives immediate gratification with a correct answer. Questions
themselves often contain a “pear!l” reinforced in association with the question/answer.

Additional hooks are often attached to the answer in various forms, including mnemonics, evoked visual imagery,
repetition and humor. Additional information not requested in the question may be included in the answer. The same
information is often sought in several different questions. Emphasis has been placed on evoking both trivia and key
facts that are easily overlooked, are quickly forgotten, and yet somehow always seem to appear on urology exams.

Many questions have answers without explanations. This is done to enhance ease of reading and rate of learning.
Explanations often occur in a later question/answer. It may happen that upon reading an answer the reader may
think—“Hmm, why is that?” or, “Are you sure?” If this happens to you, GO CHECK! Truly assimilating these
disparate facts into a framework of knowledge absolutely requires further reading in the surrounding concepts.
Information learned, as a response to seeking an answer to a particular question is much better retained than that
passively read. Take advantage of this. Use this book with your urology text handy and open, or, if you are reviewing on
train, plane, or camelback, mark questions for further investigation.

Urology Board Review risks accuracy by aggressively pruning complex concepts down to the simplest kernel. The dynamic
knowledge base and clinical practice of medicine is not like that! This text is designed to maximize your score on a test.
Refer to your mentors for direction on current practice.

Urology Board Review is designed to be used, not just read. It is an interactive text. Use a 35 card and cover the
answers; attempt all questions. A study method we strongly recommend is oral, group study, preferably over an
extended meal or pitchers. The mechanics of this method are simple and no one ever appears stupid. One person holds
the book, with answers covered, and reads the question. Each person, including the reader, says “Check!” when he or
she has an answer in mind. After everyone has “checked” in, someone states his or her answer. If this answer is correct,
on to the next one. If not, another person states his or her answer, or the answer can be read. Usually, the person who
“checks” in first gets the first shot at stating the answer. If this person is being a smarty-pants answer-hog, then others
can take turns. Try it—it’s almost fun!

Urology Board Review is also designed to be re-used several times to allow, dare we use the word, memorization. I
suggest putting a check mark every time a question is missed. A hollow bullet has been arbitrarily provided. Another
suggestion is to place a check mark when the question is answered correctly once; skip all questions with check marks
thereafter. Utilize whatever scheme of using the check boxes you prefer.
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xviii  Introduction

We welcome your comments, suggestions, and criticism. Great effort has been made to verify these questions and
answers. There will be answers we have provided that are at variance with the answer you would prefer. Most often
this is attributable to the variance between original source. Please make us aware of any errata you find. We hope
to make continuous improvements in a subsequent edition and would greatly appreciate any input with regard to
formart, organization, content, presentation, or about specific questions. Please write to Stephen W. Leslie, M.D.
at StephenLeslie@creighton.edu. We look forward to hearing from you.

Study hard and good luck!

S.W. L.



TEST-TAKING TIPS

BEFORE THE TEST

Review old tests to become familiar with the format and type of questions. Prepare all the materials you're allowed to
bring and make sure they work. Bring extra pens, pencils, and erasers. Bring a watch so that you can pace yourself.

Make a quick study sheet or flash cards of all the material, from Urology Board Review, that you have trouble
remembering or keep getting wrong. Go over the flash cards or study sheet repeatedly until the material becomes
familiar. Review the study sheet/flash card material just before bed and first thing in the morning. This will help
reinforce the information.

THE DAY BEFORE

Trying to cram the night before won't help, so get a good night’s sleep. Set your alarm and have a backup. Avoid any
sleeping pills that can have side effects the next morning.

Make sure you know exactly where the test is being given and how to get there. Have a backup plan for transportation
just in case.

Bring or wear a sweater. If the room is too warm, you can always take it off. A slightly cool room is ideal. Have a good
meal before the test. Having food in your stomach will help, but avoid having too many heavy foods that can make
you groggy. Carry a protein bar in case you get hungry. Use the bathroom before the test. You don’t need any bodily
distractions.

TAKING THE TEST

Try to pick a comfortable spot in the room with plenty of space. Scan the entire test before actually starting. Read the
directions and rules carefully and make sure you understand them. It’s amazing how often mistakes are made because the
rules and directions weren’t followed exactly.

Read the entire question carefully, even if you think you know the question type and the answer right away. Be certain
you've answered all parts of the question and didn’t leave anything out.

Answer the easiest questions first. Mark the questions you're passing in the test booklet, if allowed, so you can quickly
find them later. When you reach the end of the test, go back and finish the skipped questions. With multiple-choice
questions, try to determine the correct answer before you read the possible solutions. Don’t get worried or anxious if
others finish before you do. It’s not a race.

DEALING WITH TOUGH QUESTIONS

When dealing with a tough question, start by eliminating the answers that are clearly wrong, are probably wrong, or just
don’t seem to fit. Go back and read the entire question again. Test preparers don’t usually add unnecessary words and details
to their questions; every word is important. Look for a keyword or phrase that might be the key to the solution and circle it.

If two answers are virtually identical, chances are both are incorrect. Work on a problem question until you get stuck.
Think about it for a minute or two, but if nothing else comes, go on to the next question. If allowed, place a mark by
that question so that you can find it easily later. Sometimes there will be clues in later questions—these can help you
with an earlier problem.

Xix



xX  Test-Taking Tips

Look for grammatical clues. For example, the word “an” before a blank indicates that the answer starts with a vowel. Go
with your first impulse as it’s usually right. If you try to overthink the question, you'll probably get it wrong. If you really
can't decide between two or more answers, the longer and more detailed answer is usually correct more often. If all else
fails and there’s no penalty for guessing, go for it!

Don’t panic. You are probably not going to get every question right, but getting anxious over it won't help. If you feel
yourself hyperventilating, getting anxious, or sweating, just do the following: Put down the pencil, close your eyes, take
a few deep breaths, and consciously relax any muscle groups that you're clenching (jaw, neck, stomach). When you've
calmed down, go back to the examination.

THE BIG FINISH

Use all of your time. Even if you finish early, check for silly mistakes and make sure all your marks are clear, legible, and
in the correct space. Don’t go back and change an answer unless you misread or misinterpreted the question. Make sure
there are no stray marks on the answer sheet and that each answer completely fills in the lictle bubble.

Every few pages, make sure the test numbers and the answer numbers match. It’s very easy to put an answer in the wrong
place, especially if you skipped a question but forgot to skip marking the answer sheet, and then all the subsequent
answers will be mismatched and incorrect. Make absolutely sure that your name and identification numbers are correct.

Good luck!
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(O What are the specific radiological findings depicted below and what diagnosis do they suggest?

Diffuse bladder wall and distal ureteral calcifications suggest schistosomiasis of the bladder and ureters. Nodular
bladder wall thickening occurs in the acute phase, which is followed by bladder wall fibrosis and calcification.
Calcification of the ureter and seminal vesicle may also occur. This diagnosis should be suspected when a patient
gives a history of travel to an endemic region (the Middle East, India, Africa, and Central and South America)

and presents with frequency, urgency, hematuria, and dysuria. Abnormal appearance of the bladder is secondary to
deposition of eggs, which subsequently calcify, into the bladder wall from the pelvic venous plexus. Squamous cell
carcinoma can be a long-term complication. The computed tomography (CT) axial image on the left demonstrates

circumferential bladder wall thickening and calcification extending into the left ureter in a patient with
schistosomiasis. Abdominal x-ray in a similar patient, a 27-year-old refugee from Africa, also demonstrates diffuse
bladder wall and bilateral ureteral calcifications. Diagnosis is confirmed by a blood test for parasitic antigens or by
finding eggs in the urine or stool. Treatment is with a single dose of praziquantel. A total of 240 million people
worldwide are affected by this parasite, which uses a snail as an intermediate host.
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A 23-year-old man has a history of microscopic hematuria and an intravenous urogram (IVU) is planned
for evaluation. The patient reports a history of an allergy to shellfish. He has not previously received IV
contrast. The next step should be?

Patients with a history of asthma, drug allergy, or allergy to shellfish have approximately a 2-fold greater

risk of a contrast reaction. Minor reactions include hot flushes, nausea, vomiting, or urticaria while major
reactions include bronchospasm, hypotension, laryngeal edema, and cardiac arrest. The overall incidence of
contrast reactions is estimated to be 13% with high-osmolality agents and only 3% with low-osmolality agents.
The alternatives to consider in this patient include substitution of a different study (particularly had there

been a severe prior reaction), the use of lower osmolality contrast agents, and pretreatment with steroids and
antihistamines. A reasonable pretreatment regimen for adults consists of 50-mg prednisone at 13, 7, and 1 hour
prior to the study, and 50 mg of diphenhydramine 1 hour before the examination. H1 and H2 blockers can
also be used.

Another option would be to use either ultrasound and/or noncontrasted CT scan to examine the kidneys in a case
of microscopic hematuria, particularly when the patient is only 23 years old.

Contraindications to IVP include previous anaphylactic reactions to IV contrast and positive azotemia (creatinine
>2.0). Relative contraindications include dehydration, diabetes, multiple myeloma, and pregnancy.

A 30-year-old female is undergoing a workup for microhematuria. Her serum pregnancy test is negative.
The 15-minute film from the IVU is shown. The next step should be?

The patient should have a cystoscopy to complete the workup. The IVU is normal. (It is not uncommon to have
a normal study appear on a board examination.) While the film as shown is normal, it is important to point out
that the top of the left kidney is “cropped.” The entire kidney should be visible on an IVU. If not, additional films
should be taken.
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Describe the proper technique for performing and reviewing an IVU.

In a normal IVU, a kidneys, ureters, bladder (KUB) or scout film is obtained following which approximately

1 cma/kg of IV contrast is administered. On the KUB, careful attention should be paid to any and all unusual
calcifications, organs outside the urinary tract, and bony abnormalities as well as any technical flaws. A 30-second
film shows the nephrogram phase of the IVU and is regarded as the best film to assess renal masses and renal
contour. During the excretion phase, 5-, 10-, and 15-minute films are generally taken. There should be symmetric
excretion. The left kidney should be no more than 2-cm longer than the right kidney. Kidneys should be
approximately 3 to 5 vertebral bodies in length. Forniceal angles should be sharp. Blunting of the forniceal angles
is said to be the earliest radiographic sign of hydronephrosis on IVU. Three major infundibula should be visualized
along with roughly 13 to 14 calyces for each kidney. The angle, orientation, outlines, shape, and position of

the kidneys should be reviewed and tomograms should be taken if there is any doubt about the integrity of the
kidneys. The ureter should not show a standing column (columnization) of contrast and the bladder contour, best
seen on the 15-minute film, should be smooth. A postvoid film should also be done. Posterior oblique films can be
performed to better visualize the distal ureters.

A 70-year-old man presents with microhematuria and a portion of the initial KUB done for the IVU is
shown. Prior to cystoscopy, what should be the next step?

Four things to look for on the scout film are “masses, gasses, bones, and stones.” Each time you look at a scout
film review those 4 things and comment about whether they are normal or abnormal. Symmetry is also important.
In this case, there is asymmetry on either side of the pubic symphysis with sclerosis evident on the left. There is a
somewhat moth-eaten appearance to the periosteum on the left superior and inferior pubic rami as well. Sclerotic
bone lesions are found in patients with breast and prostate cancer. On plain films, a 50% change in cortical
density is required to visualize metastatic disease. In this elderly man, the next step should be a prostate-specific
antigen and a prostate examination.
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(O A child with multiple birth defects had a renal ultrasound suggestive of duplication and hydronephrosis. An
IVU was performed to further evaluate the finding. The KUB obtained prior to the study is shown. What is
the radiographic finding demonstrated?

The radiograph is a classic picture of complete sacral agenesis. The sacrum is absent causing the pelvic ring to look
like an inverted teardrop. Incomplete agenesis may be more difficult to diagnose. The diagnosis may be delayed
until failed attempts at toilet training prompt urological evaluation for neurogenic bladder. Sacral agenesis may

be one component of the VACTERL syndrome (V = Vertebral anomalies, A = imperforate Anus, C = Cardiac
anomalies, TE = Tracheoesophageal fistula, R = Renal anomalies, and L = Limb anomalies).

(O This KUB accompanied the IVU done for evaluation of congenital urological problems in a child. What is
the radiographic finding demonstrated?
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The 3 conditions that are associated with widening of the symphysis pubis include pregnancy, trauma, and the
congenital condition of exstrophy/epispadias, of which this is an example. The femurs are rotated laterally. There
is no separation of the sacroiliac (SI) joint to suggest trauma. This abnormality is thought to occur as a result of
failed mesodermal ingrowth and consequent failure of descent of the cloacal membrane that produces eventration
of the bladder onto the abdominal wall. The spectrum ranges from pure epispadias with a dorsal penile meatus
and urethra to cloacal exstrophy with eventration of both bowel and bladder.

A 35-year-old female presents many years after a sterility procedure in which silicone was injected into the
fallopian tubes. She has had significant microscopic hematuria. The likely diagnosis is?

The diagnosis is a bladder stone secondary to foreign body, which in this case was the silicone that eroded through
the bladder wall producing a nidus for stone formation. It is important to consider the possibility of outlet
obstruction or foreign body when treating a patient with a bladder stone.

This plain film was obtained in a patient undergoing a workup for microhematuria and pyuria. A routine
urine specimen submitted for culture was negative. What is the likely diagnosis?

This film shows the classic “paste” stones of genitourinary tuberculosis. The stones are faint on plain film and
represent dystrophic calcification of the caseating granulomas that infiltrate the parenchyma of the kidney. The
tissue sloughs into the collecting system giving rise to these stones.
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(O A20-year-old diabetic female presents to the emergency department with fever to 104°C and a white count of
33,000 associated with a left shift. The scout film from an IVU is shown. What is the most likely diagnosis?

There is gas essentially replacing the left renal outline in a classic case of emphysematous pyelonephritis. The
treatment is broad-spectrum antibiotics and nephrectomy. A CT scan, if the patient is stable enough to tolerate
the procedure, may help to distinguish a perinephric abscess caused by a gas-forming organism. Gas may
outline the kidney in cases of duodenal or colon (retroperitoneal) trauma as well.
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(O  An elderly man presents with obstructive voiding symptoms, microhematuria, and a palpable abdominal
mass. A KUB was obtained prior to the IVU. The next step should be?

The plain film while overpenetrated shows a midline abdominal mass extending from the pelvis to well above the
presumed umbilicus. The next step should be to place a Foley catheter, which in this case resulted in resolution of
the mass. This is a bad case of urinary retention.

(O A patient undergoing a workup for microhematuria has the following KUB obtained prior to the IVU. What
is the radiologic finding and what are the top 3 possible diagnoses associated with this radiographic finding?

The film shows medullary nephrocalcinosis. This finding is seen most commonly with medullary sponge kidney,
type 1 renal tubular acidosis, and hyperparathyroidism. Cortical nephrocalcinosis is rarely seen in the present era.
In the past, it typically was seen as a consequence of postpartum hypotension and renal infarction that produced
atrophic kidneys with calcified cortices.



8  Urology Board Review

(O This scout film was obtained to evaluate left flank pain and fever. The urinalysis shows a pH of >7.2 and
many gram-negative rods. What are the significant findings on the film? What is the most likely organism
cultured from the urine? In addition to antibiotics, what immediate procedure is probably necessary?

This film shows a large staghorn calculus on the right and multiple stones in both the kidneys. To be classified

as a staghorn calculus, the stone should fill and outline at least one calyx and infundibulum. In addition, there
appears to be a large calcification medial to the left kidney, which could represent ureterolithiasis. These are likely
magnesium ammonium phosphate (struvite or triple phosphate) stones associated with urea splitting organisms
such as a proteus species accounting for the alkaline urinary pH. Subsequent films confirmed obstruction on the
left and a left nephrostomy was placed. /n a septic patient with obstruction, a percutaneous nephrostomy is safer than a

double ] stent.
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(O A 50-year-old homeless woman presents with gross hematuria and severe dysuria. This KUB was obtained
as part of the initial workup. What is the significant radiographic finding?

This KUB shows a retained ureteral stent with a large bladder calculus incorporated into the distal coil. Further
questioning this patient revealed a history of ureterolithiasis and ureteral stent placement at an outside facility
18 months ago. [t is imperative to secure follow-up in all patients with ureteral stents. The management should be
based on functional findings on the right kidney with a study such as a diuretic renogram.

(O A 30-year-old female involved in a motor vehicle accident presents with gross hematuria and underwent an
y P g
IVU. What is the significant finding on the IVU?

%

The IVU shows a pelvic fracture with obvious displacement of the SI joint on the right. It is important on any film
presented to look at surrounding structures. Be especially careful if you are given only one film from a series to review.
In this case, the Foley catheter has already been successfully placed. A cystogram and drainage film did not show
any evidence of bladder rupture.
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(O A 75-year-old female is evaluated for an episode of gross painless hematuria. The IVU obtained is
significant for 2 abnormalities. Identify these problems.

In elderly patients, it is especially important to look for associated findings. In this film, the left ureter deviates
laterally in the upper third. There is a fine rim of calcification and a suggestion of a midline mass. On the left side,
these findings are suspicious for an aortic aneurysm, which this proved to be. In addition, there is a large calcified
pelvic mass displacing the bladder, which ultimately proved to be a Brenner tumor of the ovary. Not well seen is
the invasive transitional cell carcinoma of the bladder, which was diagnosed by cystoscopy. Always remember that
finding renal pathology does not exclude bladder and lower urinary tract pathology.

(O A 40-year-old man undergoes an IVU to evaluate microhematuria. The 15-minute film is shown. What is
the abnormality shown?
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Close inspection of the IVU shows a portion of a calyceal system just below the right pelvic brim and overlying
the sacrum. This is an example of an ectopic kidney. The plain film in this case demonstrated a stone in the pelvic
kidney. Up to 50% of pelvic kidneys will have hydronephrosis or reflux.

A 42-year-old man who presented with a history of a febrile UTI was evaluated with an IVU. What is the
likely diagnosis?

This is an IVU that we do not often see in adults. There is duplication of the collecting system on the left.
Duplication of one collecting system should immediately raise suspicion about duplication in the other
kidney. The right collecting system is notable for only 2 major infundibula and tilts to the right, a finding
labeled as the “drooping lily” sign. The collecting system is missing the upper pole calyx, which often bears close
resemblance to a “ball peen hammer.” Additionally, there is a large lucent smooth filling defect in the bladder,
which could be confused with a tumor or benign prostatic hypertrophy (BPH). However, putting the whole
picture together, it is likely that this is an ectopic ureterocele with obstruction of an upper pole ureter in a
complete duplication on the right. Ectopic refers to the location of the ureteral orifice, which is likely to be outside
the trigone. The Meyer—Weigert rule governing the configuration of duplicate orifices is “the upper pole drains
lower and lower pole drains lateral.” The lower pole orifice is located more laterally on the trigone and is therefore
more prone to reflux, while the upper pole orifice enters more medially and is more often obstructed, ectopic, or
associated with a ureterocele.
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A 27-year-old man presents with right flank pain. His urinalysis shows 0 RBCs/hpf, 2 to 4 WBCs/hpf, and
no bacteria. An IVU is ordered. A delayed film of the IVU is shown. The left kidney was normal on the
earlier films. Also a film from a later retrograde ureteropyelography is shown. What radiographic diagnosis
is most likely?

“'J

The IVU shows massive hydronephrosis on the right side with no hydroureter, an appearance consistent with an
ureteropelvic junction obstruction. A Lasix renogram may give a better estimate of relative function and degree of
obstruction but, more importantly, may give a more sensitive test to use to assess outcome after repair. Retrograde
ureteropyelography confirms the diagnosis. Many times the formal repair is done in the same setting as the
cystoscopy with retrogrades.
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(O A retrograde pyelogram was attempted in a 10-year-old male with intermittent flank pain and
hydronephrosis on ultrasound. The ureter is incompletely filled. What is the diagnosis?

This film shows the classic appearance for a distal adynamic segment associated with a primary obstructed megaureter.
The pathology is believed to be due to disordered smooth muscle in the distal segment of the ureter associated with
increased collagen deposition. This segment fails to conduct the peristaltic wave and creates a functional obstruction.
A similar mechanism is postulated for the majority of ureteropelvic junction (UPJ) obstructions.

(O A 30-year-old man presented with right-sided flank pain. His urinalysis showed 0 RBC/hpf. An IVU was
obtained. A 10-minute film is shown. What are the 2 likely diagnoses?

The lower pole of the left kidney has a medially based calyx, which is suggestive of a horseshoe kidney. In
addition, the renal axis is shifted laterally. Approximately one-third of horseshoe kidneys may have a contralateral
ureteropelvic junction obstruction. The renal pelves are oriented anteriorly, so the pyeloplasty is performed
transabdominally. Ureterolithiasis with hydronephrosis is a possibility, but no stone is seen and the patient had
no significant hematuria making this diagnosis less likely. A retrograde pyelogram at the time of surgery would
confirm the diagnosis and rule out a stone or distal adynamic segment.
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(O AnIVU was obtained to evaluate microhematuria in a young man. The radiographic diagnosis is?

“ y

While a medially based calyx is suggestive of a horseshoe kidney, here is the exception. The left kidney has medial
calyces, but the right does not. This is a malrotated left kidney. The renal pelvis is oriented anteriorly during renal
ascent and the kidney then rotates medially. Most malrotated kidneys rotate laterally instead so the vessels cross
anteriorly.

(O A retrograde pyelogram was obtained to evaluate an abnormality seen on IVU for microhematuria. A
representative film is shown. What is the abnormality?

-

|

The abnormality is a blind-ending ureter on the left associated with an aborted partial duplication. Blind-ending
ureters commonly have a 2:1 length-to-width ratio. They are histologically identical to normal ureters. Ureteral
diverticula fail to meet these criteria. The management is individualized but may include excision where either
symptoms or infection supervene.
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A 19-year-old male had an IVU performed for intermittent right flank pain. He has had a prior left
nephrectomy. The IVU suggested obstruction of the upper one-third of the ureter. A representative film
from a retrograde pyelogram is shown. What is the diagnosis?

The film is classic for retrocaval ureter with medial deviation of the upper third of the right ureter. The
embryologic derivation of the condition is best remembered by referring to the condition as persistent subcardinal
vein. The first description of a dismembered pyeloplasty performed for this condition was by Andersen and Hynes.

A 45-year-old man presented with left flank pain and gross hematuria. A representative film from the IVU is
shown. What is the likely diagnosis?

This film shows a different kind of “drooping lily” on the left. There appear to be 3 major infundibula suggesting
normal collecting system architecture and arguing against a duplication. However, the “ball peen hammer”
appearance has been modified by what appears to be compression due to a large mass. There are several densities
seen in the middle of the mass and while those could represent pooling of contrast, a more likely explanation
would be the presence of parenchymal calcification, which of course implies cancer. The differential would include
renal cell carcinoma versus adrenal tumor, but statistics favor the former. One must consider the possibility of
adrenal disease when the kidney is displaced in this fashion.
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(O AnIVU is obtained on a 50-year-old man who presents with gross hematuria. What is the most likely
diagnosis?

This film illustrates the principle that masses frequently stretch and distort portions of the urinary tract. The left
kidney is displaced cephalad and the ureter is stretched and bowed medially. These findings suggest a lower pole
renal mass, which is suspicious for renal cell carcinoma. An ultrasound or CT scan would confirm that it is solid
and not a simple cyst.

(O A 28-year-old man presents with a history of gross hematuria. A retrograde pyelogram is undertaken
because of the findings on an IVU showing delayed function and hydronephrosis of the right kidney.
‘What is the radiographic sign demonstrated? What is the likely diagnosis?

This is Bergman sign or the “goblet sign.” There is dilation of the ureter distal to a ureteral mass. The cause
of this phenomenon is not well known but it may be caused by “to and fro” peristalsis of the mass. This leads
to a radiographic appearance resembling a chalice or goblet on retrograde pyelogram. The likely diagnosis is
transitional cell carcinoma of the ureter.
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(O A 70-year-old man who has a long smoking history presents with painless gross hematuria. A retrograde
pyelogram has been done to evaluate the right ureter for hydronephrosis seen on the IVU. The most likely
explanation for the findings is?

We like to apply the “rat bite” guideline of film interpretation in this case. If the film looks like a rat has been
at work, it is cancer until proven otherwise. The retrograde pyelogram demonstrates a filling defect in the
upper third of the ureter. The initial decision is to determine whether the defect is an intraluminal or extraluminal
process. Extraluminal processes tend to displace and compress the ureter. In this case, a portion of the ureter
appears to be “eaten” away and the diagnosis is most likely transitional cell carcinoma of the ureter. Other causes
of lucent filling defects would be a lucent stone, sloughed papilla, polyp, blood clot, fungus ball, or malakoplakia/
cystitis cystica. However, the classic “rat bite” appearance points to malignancy as the likely cause in this case.
Ureteroscopy will confirm the diagnosis.
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(O A 70-year-old man with a long smoking history presents with painless gross hematuria. An IVU is
performed as part of the diagnostic evaluation. What is the likely diagnosis?

This IVU is notable for nonvisualization of the left kidney. There is a filling defect in the bladder, which could

be mistaken for BPH except that it is somewhat irregular. In addition, the right kidney has a standing column

of contrast to the middle third of the ureter and early hydronephrosis evidenced by blunting of the forniceal
angles. Given the history, the likely diagnosis is muscle invasive transitional cell carcinoma of the bladder, with
obstruction of the left ureter causing nonfunction of the left kidney. In addition, the findings on the right are
suspicious for transitional cell cancer of the ureter, which proved to be the case as the retrograde showed. This film
makes the point that transitional cell carcinoma can be a bilateral process and the contralateral kidney must
be evaluated carefully. Ureteral obstruction signals invasive cancer up to 90% of the time.

(O  Shown is a representative film from the IVU of a patient who presented with painless gross hematuria. The
patient has a long smoking history. What are the 2 significant findings on this study?

iy

The IVU shows a bladder diverticulum with a filling defect present in the diverticulum. The filling defect is
slightly irregular and given the history, the mass most likely represents a transitional cell cancer in a diverticulum.
This usually carries a more ominous prognosis.
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(O AnIVU is performed for gross hematuria and the collecting system is not well visualized. A retrograde
pyelogram is performed. What is the likely diagnosis?

There is a nice goblet sign in the upper ureter, and the collecting system architecture has been destroyed. A “rat”
has been at work here and the diagnosis is most likely transitional cell carcinoma. However, the differential should
also include xanthogranulomatous pyelonephritis and tuberculosis.

(O This IVU was performed on a 65-year-old male presenting with gross hematuria and a serum creatinine of
1.8. What are the radiographic findings?

The IVU shows no right nephrogram and a large filling defect in the bladder, which appears to originate from the
right bladder wall. This likely represents a bladder tumor and the right kidney is completely obstructed. Upper
tract obstruction is worrisome for ureteral involvement of the tumor. A CT scan of the abdomen would be helpful
in this setting in addition to transurethral resection of the bladder tumor for therapy and staging.
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(O A 15-year-old nonsmoker presents with an episode of gross hematuria. An IVU shows delayed function of
the left kidney. The CT scan findings suggest a soft tissue mass in the ureter. A retrograde pyelogram was
performed. What are the significant findings on the study? What are the 2 most likely diagnoses?

The retrograde pyelogram shows a somewhat lobulated filling defect in the upper ureter. Transitional cell
carcinoma is always a possibility, but in a younger patient, the differential would include a fibroepithelial polyp,
which, in fact, this turned out to be. The CT scan is useful to rule out a radiolucent stone. Ureteroscopy will
confirm the diagnosis.

(O A middle-aged man referred for microhematuria has 10 RBCs/hpf and 20 WBCs/hpf. A urine culture is
negative. Urine cytology is negative. A representative film from the IVU is shown for the right kidney. What
is the most likely diagnosis?
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The diagnosis is tuberculosis. Most of the features of tuberculosis are illustrated in this film. Tuberculous strictures
occur classically in the infundibula, ureteropelvic junction, and ureterovesical junction. In this film, there are
strictures of the upper pole infundibulum and UPJ with some degree of “beading” of the upper ureter. There is
evidence of papillary necrosis and actual tissue slough in the film. Damage to parenchyma may progress to calyceal
amputation or frank autonephrectomy. Faint amorphous calcifications were evident on the plain film.

This patient has a history of pyuria and vague right flank pain. Routine urine cultures have been negative.
This film is the 15-minute film from an IVU. What is the most likely diagnosis?

The diagnosis is again tuberculosis. The film illustrates something that both tuberculosis and transitional cell
carcinoma do and that is to amputate calyces. The upper pole calyx of the right kidney is seen as just a whisp of
irregular contrast (arrow). There is a distal ureteral stricture, which is not well demonstrated on the film. The
bladder is contracted and the left kidney is not working and has undergone a functional autonephrectomy.
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This film shows bilateral retrograde pyelograms obtained in a patient who had a chronic indwelling stent on
the right, which had recently been removed. What diagnosis is suggested by the radiographic finding shown?

The retrograde pyelogram on the right shows extensive notching of the ureter with smooth, small round filling
defects. The history and radiographic findings are most consistent with ureteritis cystica. Other possibilities in the
differential would be tuberculosis, malakoplakia, persistent fetal ureter, or transitional cell carcinoma.

This patient underwent an evaluation for microhematuria and pyuria. Past history was remarkable for an
extensive travel history including trips to Africa and China. An IVU was obtained and shown are a portion
of the scout and 5-minute films. What is the most likely diagnosis?

B > d

There are few things that will calcify the bladder wall and the first one that should come to mind in this clinical
scenario is Schistosoma. Schistosomiasis is found in rivers in Africa and other parts of the world. Once in the host,
the Schistosoma hematobium reside in the perivesical venous plexus and lay their eggs in the bladder wall and
venous tributaries of the bladder. The eggs are then shed in the urine completing its life cycle. The result of this
process is an intense inflammatory reaction in the bladder. Schistosomiasis can acutely present with hematuria and
inflammatory changes in the bladder wall on IVU. Late findings include calcification of the bladder and ureteral
walls. Similar to tuberculosis, there may be extensive ureteral strictures. Nonfunction, stones, polypoid masses,
and hydronephrosis are also seen. The risk of bladder cancer is high in these patients. Consistent with the intense
inflammatory reaction, there is a higher risk of squamous cell cancer and adenocarcinoma. When there is a
suspicion of an inflammatory condition involving the urinary tract, ask about the travel history.

i [
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(O A 45-year-old female presented with a history of recurrent urinary tract infection. A catheterized urine
specimen grew multiple gram-negative organisms. An IVU was obtained. The significant findings on the
film are? The most likely diagnosis to explain the film is?

The IVU shows a large amount of gas in the bladder and outlining of the left upper pole calyx. Gas can occur

in the urinary tract in association with infection caused by a gas-forming organism. Gas in the amounts seen

on this film should raise suspicion for a vesicoenteric fistula, particularly given the history of a polymicrobial
infection. Sometimes gas will appear in the wall of the bladder in association with a urinary tract infection
known as emphysematous cystitis. Gas outlining the collecting system with no parenchymal gas occurring in the
presence of a urinary tract infection is because of emphysematous pyelitis, which responds to antibiotics more
favorably than emphysematous pyelonephritis. Renal pelvic gas can also be caused by reflux of air associated with
instrumentation. The most likely diagnosis in this case is colovesical fistula caused by diverticulitis. Crohn disease,
colon cancer, and other pelvic malignancies can also cause fistulas.
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A 50-year-old female presented with a history of malaise, left-sided flank pain, and a low-grade fever. On
physical examination, a hard mass was palpable in the left upper quadrant. A urine culture grew Proteus.
The IVU suggested a left renal mass associated with several calcifications, which appeared to be stones, and

the kidney was essentially nonfunctional. A representative film from the retrograde pyelogram is shown.
What is the likely diagnosis?

The constellation of renal mass and stones raises the differential of xanthogranulomatous pyelonephritis versus
squamous cell carcinoma of the kidney. The presence of the proteus infection makes the former more likely. Renal
calculi are seen in one-third of cases and a mass is found in two-thirds. Proteus is the most common organism, but .
coli is also common. The retrograde pyelogram shows destruction of parenchyma and collecting system with multiple
abscess cavities. There is a suggestion of a filling defect in the renal pelvis corresponding to the stone seen on plain film.

A middle-aged female presented with a history of recurrent urinary tract infection. The infections have all
been characterized by dysuria and frequency but without fever. A postvoid film from the IVU is seen. The
likely diagnosis is?

The film shows a relatively smooth double-contrast density at or just distal to the bladder neck. In a female, the
likely diagnosis is a urethral diverticulum. Urethral diverticula may be a cause of recurrent UTT. They may be
difficult to diagnose. The diagnosis should begin with a good physical examination that includes palpation of the
urethra. An IVU and particularly the postvoid bladder film may identify the diverticulum. A voiding cystogram,
“double bubble” urethrogram using a special double balloon urethral catheter, and cystoscopy may also be useful.



o o o CHAPTER1 Uroradiology 25

(O A 25-year-old female presented with a history of intermittent right flank pain and hematuria. A faint stone
was seen overlying the right bladder shadow on plain film. Hexagonal crystals were present in the urine.
What is the significant radiographic sign demonstrated in this IVU and what is the most likely diagnosis?

The IVU shows a “cobra head” deformity of the distal right ureter consistent with a simple orthotopic ureterocele.
The orifice is likely to be on the trigone. The faint lucency seen in the middle of the ureterocele is likely to be a
“relatively” radiolucent stone composed of cystine. The crystalluria confirms this and a sodium nitroprusside test
on the urine would be positive. Unlike uric acid stones, which are not seen on a plain film, cystine stones are faintly
seen on the plain film but appear lucent versus contrast on the IVU. Cystine and uric acid stones are both visible
on noncontrast CT scans. Only medication stones (indinavir) are invisible on both noncontrast CT scans and plain
films. IVU should be used for diagnosis of possible stones in patients on indinavir and similar medications.

(O This patient had an IVU performed for hematuria. A urinalysis showed numerous RBCs, no WBCs or
bacteria, and a pH of 5.0. The plain film did not show a stone. What are the significant findings and what is
the most likely diagnosis? What test should be performed next to confirm the diagnosis?

i

This film shows a smooth lucent filling defect in the lower pole system of a partial duplication. The surface of the
defect is smooth. While the usual differential of tumor, stone, clot, papilla, and fungus ball applies, the findings
are most consistent with a radiolucent uric acid stone. This could be confirmed with a noncontrast (renal colic)
spiral CT scan since uric acid stones appear bright white, while the other possibilities would show only soft tissue.
An ultrasound would show a solid stone if the calculus is large enough.
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This man presented with gross hematuria. The scout film from the IVU and a set of retrograde pyelograms
are shown. A urine culture is sterile. What is the diagnosis and what is the stone composition likely to be?

T

This patient has bilateral staghorn calculi. The stones are relatively radiolucent. Staghorn calculi are most often
composed of struvite or magnesium ammonium phosphate and are accompanied by infection with urea-splitting
organisms such as Proteus. Struvite has a relative density of 0.20, while cystine is slightly lower at 0.15 compared to
bone that has a relative radiographic density of 1. These stones are relatively radiolucent and the diagnosis in this
patient was staghorn calculi composed of cystine.

A 35-year-old man presented with a history of hypertension, gross hematuria, and abdominal masses. A
representative film from the IVU and a retrograde pyelogram are shown. The diagnosis is most likely?
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This is a set of films we do not see too often in the era of CT scanning. A normal kidney should be roughly

3 vertebral bodies in length. The IVU shows large kidneys bilaterally with diffuse splaying of both collecting
systems due in this case to multiple cysts. The retrograde pyelogram confirms the IVU findings but also shows
some degree of ureteral displacement because of the large kidneys. The diagnosis is autosomal dominant polycystic
kidney disease. The patient may have a strong family history. Because of the risk of infecting cysts, the decision to
perform retrograde pyelograms in these patients is a serious one and prophylactic antibiotics should be given. The
differential diagnosis for large kidneys is long and includes bilateral hydronephrosis, bilateral duplication, bilateral
renal tumors, acute bilateral renal vein thrombosis, renal lymphoma, leukemic infilerates, acute tubular necrosis,
diuretic or contrast administration, preeclampsia, lupus, Wegener, Goodpasture syndrome, and myeloma with
amyloidosis.

This patient with an ileal conduit and a history of transitional cell carcinoma of the bladder had an IVU
performed as part of a routine follow-up evaluation. The serum creatinine was elevated to 1.7 mg/dL. The
likely diagnosis is?

/s

This is a classic film demonstrating stomal stenosis. The presence of bilateral hydronephrosis and a large dilated
ileal loop is the conduit equivalent of bladder outlet obstruction confirming the diagnosis of stomal stenosis. A
gentle digital examination of the stoma would confirm this.
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(O This young man sustained a gunshot wound to the abdomen and underwent a laparotomy with closure of
several small bowel perforations. Two weeks later, he presented with a history of fever to 104°C and flank
pain. An ultrasound revealed left hydronephrosis. A representative film of the IVU is shown. What is the
likely diagnosis and how should it be managed?

The IVU shows marked extravasation of contrast into a large urinoma. The likely diagnosis is a missed ureteral
injury with an infected urinoma. Management in this case consisted of percutaneous drainage of the kidney
and urinoma, antibiotics, and delayed repair. As a general radiologic principle of trauma, whether blunt or
penetrating, medial extravasation of contrast should raise suspicion for a ureteral injury.

(O  This 20-year-old male was involved in a motor vehicle accident. He had multiple long bone fractures.
His blood pressure in the field was 70 mm Hg, but he responded quickly to fluids. He had no hematuria.
A trauma IVU was performed in the trauma suite. What is the likely diagnosis?
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The film shows the left kidney to be functioning normally, but there is absence of a nephrogram and function

of the right kidney. In addition, there is a fracture of the right L1 transverse process. Fractures of transverse
processes in the region of the renal hilum raise concern for a right renovascular injury. An expeditious
angiogram or contrasted CT scan would confirm the diagnosis. The presence of shock, hematuria, or high
suspicion as with major decelerating trauma in the absence of hematuria should prompt urological evaluation. The
advent of high-speed CT scanning has largely supplanted the use of IVU in the evaluation of the trauma patient.
The 2-shot trauma IVU consists of a scout film followed by an injection of 1 mL/kg of IV contrast. A second film
is taken at 10 minutes postcontrast injection.

This 50-year-old man presented with poorly localized abdominal pain and was found by ultrasound to
have bilateral hydronephrosis and a serum creatinine of 6.0 mg/dL. Past history is significant for migraine
headaches. The prostate examination is normal and a trial of catheter drainage does not improve things.
Bilateral retrograde pyelograms were obtained and the film for the right side is shown and the film on the
left was nearly identical. A stent was passed easily on both sides and the creatinine responded and decreased
to 2.0 mg/dL. What is the most likely diagnosis?

The retrograde pyelograms show medial deviation of the ureter over the spine. The fact that a stent passed easily
makes the diagnosis of a stricture less likely and with medial deviation, the diagnosis is most likely retroperitoneal
fibrosis. Migraine headaches provide an additional clue to the possible use of methysergide, which has been used
to treat migraines and has been associated with retroperitoneal fibrosis. A CT scan may be useful to confirm the
presence of a fibrous mass encircling the aorta and vena cava and encasing the ureters as well. Remember that on
examinations, the examiners usually don’t usually give you any information that isn’t relevant to the case in
some way, such as travel, medications, allergies, or surgical history.
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The prenatal ultrasound of a newborn male showed bilateral hydronephrosis. A follow-up study confirmed
the presence of bilateral hydronephrosis. A serum creatinine was 1.7 mg/dL 3 days postpartum. A
representative film of the voiding cystourethrogram is shown. What is the likely diagnosis?

Any history of bilateral hydronephrosis should prompt a look at the bladder outlet. A normal bladder outlet
should be funneled and nondilated. This film shows the three-key radiographic characteristics of posterior urethral
valves, which are dilation and elongation of the posterior urethra and indentation of the bladder neck. The
voiding film also shows high-grade vesicoureteral reflux, which is frequently seen with posterior urethral valves.
The differential would include membranous urethral stricture or external sphincter dyssynergia, neither of which
fic the history.

This KUB and voiding cystourethrogram were obtained in a male infant with undescended testes and
bilateral hydronephrosis on ultrasound. What is the likely diagnosis?

This classic film which needs little history is a case of the Eagle-Barrett or “prune-belly” syndrome. The classic
triad consists of a male with absent abdominal wall musculature, bilateral undescended testes, and urological
anomalies. The rib cage is flared and the flanks are bulging. There is massive reflux bilaterally into tortuous and
dilated ureters. In this patient, the posterior urethra is nondilated making the diagnosis of posterior urethral
valves unlikely. However, the prostate may be hypoplastic in these patients causing the posterior urethra to appear
dilated. The bladder is usually large, but smooth walled as obstruction is not generally present.
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(O Here is another voiding cystourethrogram performed in a male infant with hydronephrosis on antenatal
ultrasound confirmed in the postnatal period by repeat ultrasound. What is the diagnosis?

In this case, both the posterior and anterior urethra are dilated and the catheter identifies a “flap” of tissue at the
distal end of a diverticulum. There is a heavily trabeculated bladder and at least unilateral massive reflux. The
film demonstrates an anterior urethral diverticulum or anterior urethral valves. This is a very rare cause of outlet
obstruction in newborn males.

(O This cystogram was obtained in a young male with recurrent febrile urinary tract infections. His physical
examination is normal. What is unusual about the film and what is the diagnosis?

The diagnosis is bilateral vesicoureteral reflux. The cystogram shows high-grade vesicoureteral reflux into duplicate
collecting systems on either side. The unusual finding on the film is the presence of reflux into both collecting systems.
In association with the Meyer—Weigert rule, the upper-pole ectopic orifice more commonly obstructs and is located
more inferomedially while the lower-pole system refluxes. However, reflux can occur into both segments. An alternative
explanation for this film might be a low-lying, incomplete duplication with reflux into the solitary orifice on each side.
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(O This cystogram was obtained in a child who had a febrile urinary tract infection. What is the most likely
diagnosis?

The right ureter is opacified due to reflux, and it inserts into the urinary tract at a site distal to the bladder
neck. The diagnosis is a refluxing ectopic ureter. In females, ectopic ureters are more often associated with the
upper pole segment of duplication, while in males, the ureter more commonly drains a nonduplicated system.
In females, the ureter may insert into the uterus, vagina, cervix, bladder neck, vestibule, or urethra, while in
males, insertion is most commonly in the bladder neck, prostatic urethra, seminal vesicles, vas deferens, or
ejaculatory duct.

(O  This child presented with umbilical discharge. A voiding cystogram was obtained. What is the diagnosis?

The cystogram shows a patent urachus. While persistence of the urachus has been attributed to intrauterine
bladder outlet obstruction, the majority of patients with a patent urachus do not have obstruction.
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(O This is a voiding cystourethrogram obtained in a child who presented with a history of voiding with
2 streams. What is the diagnosis?

The cystogram shows a sagittal or epispadiac complete urethral duplication. Collateral or side-by-side duplications
also exist and are more often associated with other pelvic anomalies such as imperforate anus or penile duplication.

(O In the previous case, which urethra is the normal one?

In the overwhelming majority of cases, the ventral urethra is the normal variant.

(O This cystogram lateral view was obtained in a young male who had obstructive urinary symptoms. What is
the likely diagnosis?

The study shows bilateral congenital bladder diverticula. While bladder diverticula may be associated with
posterior urethral valves or neurogenic bladder, they may occur as an isolated entity. In this case, the posterior
urethra is nondilated and the bladder is relatively smooth making these 2 diagnoses less likely. Diverticula may be
associated with infection, but also may cause outlet obstructive symptoms. In this case, simple resection of only
diverticula relieved the symptoms.
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(O This 3-year-old female had an episode of gross hematuria. A cystogram was obtained. What is the likely
diagnosis?

The classic cystographic appearance of a botryoid rhabdomyosarcoma of the bladder is that of a “cluster of
grapes,” which the filling defect in this cystogram certainly resembles. Sarcoma botryoides is a variant of
embryonal type rhabdomyosarcoma, which forms polypoid tumor masses.

(O  This patient was involved in a motor vehicle trauma and had gross hematuria. The patient initially had
abdominal CT scanning, which was unremarkable. A cystogram was then obtained. What is the likely
diagnosis?

This film illustrates the importance of obtaining a scout film prior to the introduction of bladder contrast.
In this case, the diagnosis is suspicious for an intraperitoneal bladder rupture. However, the contour of the bladder
is smooth and appears to be intact. In fact, it was subsequently proven that the contrast seen was actually oral
contrast, which had been given to the patient at the time of CT scanning. Drainage films are also important
since extravasation can hide behind the opacified bladder. Oblique views should also be obtained.
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(O This older male had just undergone a transurethral resection of the prostate. A cystogram was obtained
at the conclusion of the procedure because of a concern about a possible bladder perforation. What is the
most likely diagnosis and how should it be treated?

This film shows a classic extraperitoneal bladder rupture. The pattern of contrast extravasation is “flame shaped”
and “whispy” in appearance and extends from the base of the bladder cephalad. Treatment is with catheter
drainage. A repeat cystogram should be done in 7 to 10 days. Eighty-five percent of patients will be healed by that
time. Virtually, all will be healed by 3 weeks after the injury.

(O  This patient was involved in a motor vehicle accident and sustained a pelvic fracture. A retrograde
urethrogram was normal and a cystogram was performed. What is the likely diagnosis and how should it be
treated?

The cystogram shows a classic “teardrop” shape caused by compression by the pelvic hematoma. There is
“flame-shaped” extravasation extending in a whispy fashion from the base of the bladder. The picture is typical

for an extraperitoneal bladder rupture. Some concern for intraperitoneal rupture might be raised because of
contrast-located cephalad to the bladder, but there is no obvious contrast outlining loops of bowel. While only
10% of pelvic fractures manifest bladder rupture, virtually 100% of traumatic extraperitoneal bladder ruptures are
associated with pelvic fracture. Roughly 10% are combined intra- and extraperitoneal injuries. In adults, at least
300 mL of a water-soluble iodinated contrast should be instilled into the bladder by gravity pressure for a
cystogram in order to exclude bladder rupture. A retrograde urethrogram should always be done first.
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What is the formula used to calculate the estimated bladder capacity in children?
Bladder capacity equals 60 mL + (30 mL X age in years).

This patient presented following a motor vehicle accident. The patient had been drinking at the local

bar prior to the accident. On presentation, he had suprapubic tenderness and a urinalysis showed gross
hematuria. He did not have a pelvic fracture by plain film. An abdominal CT scan with a passive “CT
cystogram” was normal. In spite of this, a standard trauma cystogram was performed. What does the study
show and what is the diagnosis?

The study shows a classic intraperitoneal bladder rupture. As opposed to extraperitoneal ruptures, the contrast
outlines loops of bowel and the direction of extravasation is cephalad. Bladder ruptures in which there is
significant contrast-located cephalad to the bladder should raise suspicion for intraperitoneal rupture.

A diagnostic maneuver that may help in equivocal cases is placing the patient in Trendelenburg position and
repeating the film. Contrast may be seen over the liver or spleen. An active CT cystogram is usually a very sensitive
test, but it should be done with the standard 300 mL contrast instillation into the bladder rather than using

just the passive filling by the IV contrast used with CT. Cystograms are best done before any oral, rectal, or

IV contrast.



CHAPTER 1 Uroradiology 37

(O This 20-year-old male presents to the emergency room after a motor vehicle accident with blood at the
urethral meatus. The patient is hemodynamically stable and undergoes a retrograde urethrogram after a
failed single passage of a Foley catheter. What are the significant radiographic findings?

This retrograde urethrogram film shows significant pubic diastasis and urethral extravasation of contrast
material consistent with urethral disruption. With this mechanism of injury, the most common place for a
urethral injury is at the membranous urethra; however, this particular patient has sustained a bulbar urethral
injury. No contrast material can be seen within the bladder. The patient will likely require a suprapubic
cystostomy. Careful flexible urethroscopy and subsequent Foley catheter placement over a guidewire could be
considered as a primary therapy.
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(O  This retrograde urethrogram was obtained on a 35-year-old male presenting with a history of perineal
trauma 2 years ago. What is the significant radiographic finding and how should it be treated?

This urethral stricture extends from the distal bulbar urethra to the proximal pendulous urethra. Its length is
estimated at 3.5 cm. Remember that length of a urethral stricture must be measured from the point where
tapering begins. Options for repair include excision and primary anastomosis, augmented anastomotic repair,
graft repair, and flap repair. Primary anastomosis can be attempted, but is usually reserved for strictures 2.5 cm
or less. Augmented anastomotic repair would be a good choice for this length of stricture and the buccal mucosa
would be an ideal graft material.

(O This 40-year-old male with diabetes presented with fever, chills, and severe scrotal pain. What is the
significant finding on KUB and what is the next step?

This film shows a likely left scrotal abscess. Air is seen but appears to be confined to the tunica vaginalis. Air on
KUB in a diabetic, febrile patient should be considered a surgical emergency because of the possibility of Fournier
gangrene. Physical examination findings of subcutaneous crepitus and a rapidly expanding erythema would be
worrisome. Wide excision and debridement is mandatory and potentially lifesaving along with antibiotics.
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Which common medication is specifically contraindicated and must be stopped prior to IV contrast

administration; how long should it be held and why?

Metformin (Glucophage) needs to be stopped before IV contrast studies and not resumed for at least 48 hours.

A renal function test should be done to verify normal renal function before resuming the medication. Lactic
acidosis is associated with the concomitant use of metformin and IV contrast. If it develops, severe lactic acidosis is
associated with a 50% mortality rate.

‘What prophylactic treatments can be used to prevent IV contrast-induced nephropathy?

The most effective appears to be acetylcysteine and sodium chloride hydration. Sodium bicarbonate may be
more effective than plain saline hydration, but reports are conflicting. Other possible preventive therapies include
theophylline and fenoldopam (a selective dopamine-receptor agonist), but their roles are still unclear with
conflicting reports on their efficacy. Lasix, steroids, and mannitol have not shown any benefit.

Gadolinium can cause what potentially serious complication when used in patients with renal failure?

Nephrogenic systemic fibrosis.
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What are the half-lives of ”™Tc, I, and "'I?
The half-lives are 6 hours, 13.2 hours, and 8 days, respectively.

What exactly is a rad?

The amount of radiation energy absorbed by a patient’s tissue is expressed in rad. The rad is defined as 100 erg
absorbed per gram of tissue.

What is the difference between a roentgen and rad?

A roentgen is a measure of ionization of the air by x-rays or gamma rays. Although the terms roentgen and rad are
often used interchangeably, it should be remembered that roentgen is a measure of exposure, whereas the rad is a
measure of energy absorbed by tissue.

What are the most common instruments used to clinically detect ionizing radiation?

Although gas detectors such as Geiger—Miiller counters are used in nuclear medicine laboratories, solid crystal
detectors are most commonly employed to detect ionizing radiation. The Anger camera used in most departments
uses a sodium iodide crystal.

What isotopes are used to measure the glomerular filtration rate (GFR)?

Although YC-inulin would give an accurate measurement of GFR, it is impractical to use. 'Cr-EDTA and
9T« DTPA are alternatives. In practice, T DTPA is usually used, as it also provides excellent renal images.

Which isotopes are useful in measuring renal blood flow (RBF)?

“-hippuran, "“’I-hippuran, and ”"Tc-MAG3 are useful. " Tc-MAG3 is most commonly used in the United
States for these purposes.

41
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How is ”"Tc-DTPA processed in the kidney?

?"Tc-DTPA is filtered and concentrated in the tubules and is then excreted through the collecting system.
In a normal kidney, activity in the renal pelvis and ureter decreases after 5 to 10 minutes making it a useful
test to detect obstruction.

What does a DMSA scan demonstrate?

?"Tc-DMSA accumulates progressively in the kidneys over several hours and images the renal cortex well. It is
useful to detect renal scarring and early stages of renal damage from infection, and to differentiate functioning
from nonfunctioning renal masses.

What are the common uses of radionuclide studies after renal transplantation?

They are useful in evaluating complications such as complete renal artery occlusion, urinary obstruction, or
leakage. Acute tubular necrosis and rejection cause reduced perfusion and prolonged parenchymal transit times.

What isotopes are useful in investigating occult suppuration in the abdomen or pelvis?

Gallium-67 citrate-labeled or indium-111-labeled leukocytes are used.

‘What is the advantage of scanning with indium-111-labeled leukocyte over gallium-67 citrate in localizing
infection?

Studies with indium-111-labeled leukocytes often can be completed in 24 hours, whereas those using gallium-67
may take 48 to 72 hours to complete. In addition, the latter may be taken up by certain tumors such as
lymphomas and hepatomas and is taken up by kidneys, which may confuse the diagnosis.

How is mercaptoacetyltriglycine (MAG3) cleared by the kidneys?

MAGS3 is cleared by the kidneys primarily by tubular secretion and to a lesser extent by glomerular filtration.
Therefore, it is an excellent agent for estimating the effective renal plasma flow. It is used to define ureteropelvic
junction (UPJ) obstruction and differential renal function.

What is nuclear cystography and what is its value in ureteral reflux?

It is the scintigraphic equivalent of conventional cystography. It is an accurate method for detecting and following
reflux, although it does not provide the anatomic detail of fluoroscopic studies.

True/False: In screening siblings for reflux, the nuclear scan is preferable to a standard voiding cystography.

True. The radiation exposure in a nuclear scan is lower than that in a cystogram and when anatomic detail of
VCUG is not essential, the nuclear scan is preferable.

‘What are the nuclear scan findings in testicular torsion?

The testicle appears avascular. In cases of epididymitis hypervascularity is noted. However, in cases of intermittent
torsion and late torsion, hypervascularity may result from an inflammatory response. Occasional false-positive and
false-negative results and limited availability of the nuclear scan 24 hours a day limit its usefulness in the diagnosis
of torsion.
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What is the “doughnut sign” on the nuclear scan in testicular torsion?

In a missed torsion (ie, one that is several days old), there is often an area of hyperemia surrounding the central
ischemic region of the testis. The central area appears photopenic surrounded by a rim of increased activity

(doughnut).

What factors affect the drainage curve of the nuclear scan in patients with UPJ obstruction?

In addition to the severity of obstruction, the size and compliance of the collecting system, and the hydration
of the patient, the timing of diuretic and bladder drainage influences the drainage curve. A poorly functioning
kidney may not respond adequately to the diuretic.

True/False: The advantages of the " Tc-DMSA scan over IVU in the evaluation of renal damage from
pyelonephritis include (a) lack of study impairment by bowel gas, (b) earlier detection of renal damage,
(c) clear visualization of kidneys despite overlying bony structures, (d) improved ability to image

the kidneys in various positions to delineate specific lesions, and (e) more clear visualization of the
collecting system.

False. All are true except that the visualization of the collecting system in the DMSA scan is not neatly as good as

with an IVU.

True/False: Captopril is used to improve the accuracy of nuclear scan findings of renovascular hypertension.

True. Captopril exaggerates the differences between the perfused and nonperfused areas of the kidney in patients
with renovascular hypertension.

What is the rationale behind the performance of a captopril renogram in the diagnosis of obstructive
uropathy?

Renin is secreted by the juxtaglomerular apparatus in renovascular hypertension and/or obstructive uropathy as a
result of poor tissue perfusion. The local vascular regulatory mechanisms of the kidney are:

® Release of thromboxane, causing vasoconstriction of the afferent arteriole, resulting in a further decrease of RBF
® Activation of the renin-angiotensin system (RAS) that results in the formation of angiotensin II, which in
turn increases the efferent arteriolar tone and is primarily responsible for restoring and maintaining glomerular
filtration pressure

Use of an angiotensin-converting enzyme inhibitor (ACEI) such as captopril can block this mechanism by
preventing the formation of angiotensin II that reduces the vasoconstriction of the efferent arteriole, thereby
causing a drop in GFR and relative renal function. This decrease is demonstrable with captopril renography.

What is the correct dose of captopril administered for a captopril renograms?

0.3 mg/kg is administered orally 1 hour prior to the radioisotope injection. A change of at least 5% (baseline scan
vs captopril scan) is considered significant when interpreting the results.

What is an MIBG scan and what is it used for?

Metaiodobenzylguanidine (MIBG) is taken up by adrenal neurons. It is labeled with iodine and used to image the
adrenal medulla and other active adrenergic tissues such as pheochromocytomas and neuroblastomas.
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How are nuclear scans helpful in carcinoma of the prostate?

Bone scans with " Tc-methylene diphosphonate (MDP) are most useful in the staging of prostate cancer. They
are more than 95% sensitive in detecting bony metastases from carcinoma of the prostate.

What is a “superscan” in a patient with prostate cancer?

When there is extensive involvement of the bony skeleton with metastases in a patient with prostate cancer, the
isotope is extensively taken up by the bone and the kidneys are not visualized.

Bone scans typically are almost always negative and therefore not particularly useful until the PSA level
reaches what point?

A PSA level of 20 or more is usually necessary before a bone scan will be positive.

Can nuclear scans be used in renal failure?

12 131 . . . . .. .
Yes. "I and "'I-hippurate and MAG3 can be concentrated even in kidneys with minimal renal function. They are
of immense value in patients with renal failure or renal transplantation.

What are the features of renal obstruction in a patient with hydronephrosis on a nuclear scan?

During the excretory phase of the scan, the renogram demonstrates increasing activity over time, even after
administration of furosemide, but the test may be unreliable in patients with poorly functioning kidneys or
massively dilated collecting systems.

How accurate is the MIBG scan in localizing pheochromocytomas and neuroblastomas?

I-MIBG scan is 85% to 90% sensitive and nearly 100% specific for localizing pheochromocytomas. It is almost
100% specific and 100% sensitive for neuroblastomas.

‘What constitutes a “well-tempered renogram” and how is it done?

The Society for Fetal Urology and the Pediatric Nuclear Medicine Council of the Society of Nuclear Medicine
published guidelines for the “well-tempered diuresis renogram” in 1992:

¢ Small field of view gamma camera is used for pediatric studies.

e If the child is younger than 4 months, MAG3 should be the radioisotope used for the study.

¢ In children older than 4 months, MAGS3 is still the preferred radioisotope. However, DTPA may be substituted
instead.

® The patient is well hydrated. A normal saline IV (15 mL/kg) bolus given over 30 minutes is begun
15 minutes prior to the administration of the radioisotope. For the remainder of the study, a maintenance IV
at 200 mL/kg/24 h is administered. The child’s bladder should be catheterized to prevent any lower urinary
tract dysfunction from influencing the results of the study.

‘What is the recommended dose of diuretic (furosemide) for a “well-tempered diuresis renogram?”

The dose of diuretic (Lasix) used should be 1 to 2 mg/kg IV.
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What is an indirect radionuclide cystogram (IRC)2

The IRC is a diagnostic test to detect vesicoureteral reflux (VUR). It employs " Te-DTPA as the radionuclide
tracer. It provides information about the emptying phase of the bladder and can demonstrate VUR. Since it does
not provide any information about the filling phase, it will miss the 3% of VUR known to occur during this
phase of the bladder cycle. The high sensitivity of the IRC combined with the advantages of lower radiation and
avoidance of bladder catheterization makes it a valuable alternative to the VCUG.

Match the following radionuclide tracers with method of action tracers:

1. DTPA A. Eighty percent tubular secretion

2. OIH B. Both GFR-dependent and tubular secretion for clearance
3. MAG3 C. Localizes to the proximal convoluted tubules (PCT)

4. DMSA D. Mostly tubular secretion

5. GH E. GFR-dependent for clearance

1—E; 2—A; 3—D; 4—C; 5—B.

What advantages does radionuclide cystography (RNC) have over a standard VCUG?

The RNC is more sensitive and specific for the detection of VUR than a VCUG. It also has a significantly
lower gonadal radiation dose (RNC = 0.001-0.005 rad vs VCUG = 0.208 rad).

What are the disadvantages of RNC?

® Limited ability to grade reflux and less anatomic detail.
® It does not provide additional radiographic data, that is, the presence of constipation or bony abnormalities, etc.

In a child presenting with flank pain, high fever, and dysuria, which radionuclide study would be
appropriate to order?

The child has features suggesting an acute pyelonephritis. DMSA renal imaging has been shown to demonstrate
areas of decreased perfusion (inflammation vs scar) in the kidneys. In order to differentiate between scar and
inflammation, a renal ultrasound could be used or one could repeat the DMSA scan in 6 months. Persistent
cortical defects represent parenchymal scars.

What is the role of radionuclide imaging in the management of a duplex collecting system with an
obstructed upper pole moiety?

Radionuclide scanning (with a cortical agent) can provide information about the degree of function and amount
of functioning renal tissue in each moiety of the duplex kidney. In the case of an obstructed upper pole moiety, it
will also serve as a diagnostic test to determine efficacy of surgical intervention.
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Are there any potential complications to keep in mind or to counsel the parents about while ordering a
radionuclide study?

For the most part, nuclear medicine studies are quite safe and the radiation dose involved is minimal. There is a
small risk of a nosocomial UTI from urethral catheterization in RNC. Some children may experience significant
abdominal discomfort during a Lasix renogram, especially if they have intermittent obstruction and the study
reproduces an obstructive episode.

What are the contraindications to performing a radionuclide study on a patient?

There are no absolute contraindications to the use of radionuclides for diagnostic purposes. A relative
contraindication is pregnancy; therefore, nuclear medicine scanning should not be performed on patients in
the reproductive age group without first performing a pregnancy test.

Is there a role for radionuclide scanning in the acute evaluation of a trauma patient?

The advent of ultrafast spiral CT scanners has changed the imaging algorithm for the evaluation of the trauma
patient, so there is little need for radionuclide scanning in these cases. In certain select cases, radionuclide
scanning with a renal cortical agent might be indicated to evaluate the degree of function and amount of
functioning renal tissue.

What is the best radionuclide agent to use in a 1-month-old infant with severe hydronephrosis, suggestive
of bilateral UPJ obstruction?

Normally, it is not recommended to perform a Lasix scan on children younger than 3 months because of the
relative functional immaturity of the kidneys, which limits the reliability of the results. However, there are
instances where the physician has to perform the test sooner, as in the above clinical case. In such instances,
MAGS3 is the agent of choice, as it has lower uptake in the liver and spleen and higher renal extraction providing a
better target to background ratio.

In what clinical setting is “static” radionuclide imaging utilized?

Static radionuclide imaging is used to evaluate VUR, urinary tract infections, hypertension, and cystic diseases of
the kidney. It can document renal scarring, acute pyelonephritis, and differential renal function.

In what clinical settings is “dynamic” radionuclide imaging utilized?

Dynamic renal functional imaging is useful for evaluating a suspected obstruction in cases of possible UP]
obstruction and megaureters (although the #, values are of limited clinical relevance in light of the compliance of
the dilated ureter). It is also useful in evaluating renal function in cystic kidney diseases and hypertension, as well
as after a renal transplant or pyeloplasty.

What is “SPECT” radionuclide scanning?

Single-photon emission computed tomography (SPECT) is an imaging technique associated with single gamma
ray—emitting radiopharmaceuticals. The images are obtained using a scintillation camera that moves around the
patient to capture images from multiple angles for tomographic image reconstruction. It results in better image

quality and improves the sensitivity of the test.
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What agent is used for a positron emission tomographic (PET) scan?

The PET scan uses a radioactive glucose molecule as the radiotracer to identify metabolically active tissues. The
radiotracer is a glucose analog called FDG ([18F]-2-fluoro-2-deoxy-D-glucose).

What is the mechanism/physiologic principle on which a PET scan is based?

During a PET scan, the patient is injected with a radiotracer, a glucose analog called FDG. FDG is preferentially
taken up by tumor cells and phosphorylated by the enzyme hexokinase to FDG-6-PO,. Unlike glucose-6-PO,
FDG-6-PO; cannot enter into the glycolytic pathway and be further broken down; it therefore remains trapped
intracellularly. This allows the hypermetabolic tissue of a tumor to be distinguished from the surrounding normal
tissue.

What are 18F-Sodium Fluoride (NaF) PET/CT Bone Scan Indications?

18F-NaF PET/CT is an important tool for detecting and evaluating metastatic bone cancer. These bone studies
are particularly useful, since some of the most prevalent cancers are commonly associated with metastatic bone
disease, such as breast and prostate cancer, as well as carcinoma of the thyroid, kidney, and lung. This expansion of
coverage for 18F-NaF studies provides a superior clinical alternative for bone scanning, with significant advantages
over “conventional” ”"Tc-MDP bone scans, including higher sensitivity and specificity, shorter uptake and scan
times, and radiation doses comparable to " Tc-MDP studies.

List some of the desirable characteristics of 18F-NaF as a bone-imaging agent.

® Bone uptake is 2 times higher and blood clearance is much faster than that with T MDP, offering superior
bone to background ratios and high contrast images within 45 to 60 minutes after injection.

® Improved sensitivity compared with that of traditional nuclear medicine SPECT or planar bone imaging, due
to ability of 18F-NaF to demonstrate variation in bone metabolism, combined with the PET/CT scanner’s
high-resolution/tomographic images. Bone metastases are seen indirectly, with uptake depending on skeletal
reaction to tumor.

® Little residual retention in soft tissues and the renal parenchyma.

® Deposition favors sites of high bone turnover and remodeling,.

® Radiation dose comparable to that of conventional " Tc-MDP bone scan.

What GU malignancy is best suited for imaging with a PET scan?

PET scanning is best suited for radiographic staging in testis cancer. Testis cancer and its metastatic lesions have a
high glycolytic rate, and therefore accumulate a high concentration of the radiotracer FDG.

What is the role of PET scanning in the management of prostate cancer?

PET scanning does not currently have a significant role in the diagnosis and imaging of prostate cancer as
the cancerous prostatic tissue has a relatively low glycolytic rate, and therefore does not accumulate high
concentrations of the radiotracer FDG.

In testicular cancer, which modality has the higher diagnostic accuracy in detecting metastases: PET or CT
scanning?

PET scanning has a higher diagnostic accuracy than a CT scan for both initial staging of testis cancer and
restaging after surgical and chemotherapeutic interventions.
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What is fanolesomab (FNB) and what is its utility in nuclear medicine imaging?

FNB is a ”"Tc-labeled murine anti-CD15 IGM monoclonal antibody that specifically targets neutrophils. It is
a radiopharmaceutical agent that has been designed to specifically target and localize acute infections. It is much
more sensitive than an indium-111- or gallium-tagged white blood cell scan that is the current gold standard.

‘What factors can limit the utility of the Lasix renogram?

The following are the factors that can significantly alter the results of a Lasix scan being performed to detect an
obstructive lesion at the UPJ:

® The volume of the collecting system. (A very large pelvis is compliant and can hold a lot of tracer, falsely
affecting the drainage time.)

® Renal insufficiency.

® The hydration status of the patient.

® Renal tubular disorders, that is, acute tubular necrosis and Fanconi syndrome.

‘What are some of the pitfalls and limitations of the ACEI renogram?

The rationale of the ACEI renogram is that the ACEI blocks the vasoconstriction of the efferent arteriole and
causes a decrease in the glomerular filtration pressure and a demonstrable decrease in the GFR:

® Datient hydration—overhydration can cause a false-negative result and underhydration can cause a false-positive
result.

Selection of the radiotracer—DTPA is better than MAG3.

Choice of the ACEI—captopril versus enalapril.

Asymmetric small kidney with poor function often is unresponsive to the effects of ACEI

Renal insufficiency results in a nondiagnostic ACEI renogram.

Bilateral disease limits the diagnostic ability of the test.
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What forms the lateral boundaries used to take down the bladder during an anterior approach to a robotic-
assisted laparoscopic prostatectomy?

The obliterated umbilical arteries, which form the medial umbilical folds.

Retractor compression on the psoas muscle during surgery can affect which nerve?

The femoral branch of the genitofemoral nerve.

It is necessary to take care in placing the stitch in the psoas muscle during a bladder hitch procedure, so
that what nerve is not injured?

The femoral nerve.

When performing a transverse colon conduit what cavity is exposed?

The lesser sac.

When exposing the infrahepatic inferior vena cava (IVC) what critical structure anteromedially that is
associated with the liver can be injured?

The common bile duct.

What ligamentous attachments of the liver to the diaphragm need to be divided in order to rotate (flip) the
liver and gain access to the suprahepatic and transhepatic IVC?

The gastrophrenic ligament, the falciform ligament, and the coronary ligament.

When closing a flank incision, which muscle layer has an obvious free border?

The external oblique muscle has a free border laterally that extends from the lower border of the 12th rib to its
aponeurotic insertion along the iliac crest.
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Between which 2 muscle layers do the intercostal nerves and vessels course?

They course between the transversus abdominis and the internal oblique muscles. This is important when closing
incisions to avoid entrapment of these structures.

What is another name for Gerota fascia?

Perirenal fascia. It is a specialized condensation within the intermediate stratum of the retroperitoneal connective
tissue. It forms a barrier to benign and malignant processes.

Does Gerota fascia form a tight seal around each kidney?

No. Gerota fascia is weakest at its caudal aspect along the course of the gonadal vessels and ureter.

When resecting a large left upper pole renal mass from an anterior approach, what medial attachments need
to be divided to allow reflection of the spleen, pancreas, and stomach?

Division of the phrenicocolic, splenorenal, gastrosplenic, and gastrophrenic ligaments will allow reflection of the
spleen, pancreas, and stomach from the craniolateral aspect of the retroperitoneum exposing the upper pole of the

left kidney and adrenal gland.

‘What surgical maneuver will allow access to the intra- and suprahepatic vena cava?

Division of the right and left triangular ligaments and continuing the incision along the cranial and caudal
coronary ligaments will allow reflection of the right lobe of the liver, providing dramatic exposure to the inferior
vena cava as it receives the hepatic veins and perforates the diaphragm.

‘What nerve is commonly seen coursing anterolaterally in the inguinal canal?

The ilioinguinal nerve (L1) courses through the inguinal canal on the cord to exit the external ring and provide
sensation to the pubic area.

What other nerve besides the ilioinguinal nerve follows the cord through the inguinal canal?

The genital branch of the genitofemoral nerve (L1, L2). It is less conspicuous than the ilioinguinal nerve and has
a dual function supplying motor innervation to the cremasteric muscle and sensation to the anterior scrotum or
labia majora.

What nerve is clearly visualized coursing along the ventrum of the psoas muscle and proves useful in
defining the lateral border for a complete pelvic lymph node dissection?

The genitofemoral nerve (L1, L2) serves a dual purpose in supplying motor function to the cremasteric muscle
and sensation to the perineum and anterior thigh.

Define the arterial blood supply of the right adrenal gland.

The right adrenal receives its blood supply from 3 main sources. The 2 obvious ones include branches from the
inferior phrenic artery as well as branches from the right renal artery. A branch that is often forgotten that passes
behind the inferior vena cava is the middle adrenal artery. This can lead to significant bleeding if unrecognized and
cut during a right adrenalectomy.
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Into what structures do the gonadal vessels on either side drain?

The right gonadal vein enters the inferior vena cava on its ventral lateral aspect at an oblique angle. The left
gonadal vein empties into the left renal vein.

What is the significance of a varicocele that does not diminish when examined in the supine position?

Suspect a retroperitoneal mass or process that is impairing venous drainage such as lymphoma, testicular cancer,
renal cell carcinoma, or retroperitoneal fibrosis.

What are the primary sites of lymphatic drainage from the left testis?

The most common site on the left side is the left para-aortic lymph nodes followed by the preaortic,
interaortocaval, left common iliac, and left suprarenal lymph nodes in decreasing order. Left-to-right lymphatic
drainage tends not to occur unless there is lymphatic obstruction.

What are the primary sites of lymphatic drainage from the right testis?

The most common site on the right side is the interaortocaval lymph nodes followed by precaval, preaortic,
right paracaval, right common iliac, and left para-aortic lymph nodes in decreasing order. Lymphatic drainage
proceeds from the right to left side of the retroperitoneum. Alternative routes can occur when there is lymphatic
obstruction.

Which division of the renal artery supplies the majority of the kidney?

The anterior division supplies more than 75% of the kidney, including apical, upper, middle, and lower vascular
segments of the kidney. The posterior renal artery supplies the majority of the dorsal aspect of the kidney.

How often can a surgeon anticipate accessory renal arteries?

In 25% to 40% of cases, there is more than one renal artery arising from the lateral aorta at the level of the second
lumbar vertebra. Accessory renal arteries to the right lower pole will often cross anterior to the vena cava. It
becomes important to recognize such branches so that they are not divided when exposing the right renal hilum.

Where do the renal pelvis and the upper ureter receive their arterial blood supply?

There are 3 anastomosing arteries providing the upper ureter and renal pelvis with blood supply. They include the
renal artery, aorta, and gonadal artery.

Which adrenal gland is more intimate with the cranial aspect of the kidney?

The left adrenal gland is most intimate with the cranial aspect of the left kidney. It often will drape over the
ventral aspect of the upper pole. The right adrenal gland is decidedly cranial to the right kidney, and care must be
given when removing it because of its short adrenal vein entering dorsolaterally into the inferior vena cava.

What is an alternate route for venous drainage of the left adrenal gland?

The left inferior phrenic vein. The adrenal gland vein drains into the left renal vein. Close to where it enters, it

is joined by the inferior phrenic vein that cranially also empties into the inferior vena cava above the level of the
hepatic veins. This means that you can divide the adrenal vein at the level of the renal vein without compromising
its venous drainage.
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Does ligation of the gonadal arteries at the level of the aorta compromise the gonads?

No. The rich collateral circulation provided by the artery to the vas deferens and external spermatic artery in the
male and the uterine artery in the female provide collateral blood supply to the gonad.

What are the first branches of the intra-abdominal aorta?

The paired inferior phrenic arteries are the first branches of the intra-abdominal aorta. They give origin to the
superior supra-adrenal arteries.

‘What are the 3 main arterial blood supplies to the small bowel and colon?

They include the superior mesenteric artery, inferior mesenteric artery, and the inferior and middle hemorrhoidal
arteries, which are branches from the internal iliac artery.

When is it possible to completely resect the infrahepatic vena cava for renal cell carcinoma and an IVC
thrombus?

It is possible to resect the infrahepatic vena cava when removing a large right renal mass and associated renal vein
thrombus. This is due to the rich collateral venous drainage of the left kidney through the lumbar (azygos) system.
The right kidney is not afforded a similar venous drainage.

Other than the gonadal vein, what other vein drains into the caudal aspect of the left renal vein?

A left lumbar vein. This large lumbar vein provides collateral venous drainage as well as a potential source of
bleeding when ligating the left renal vein.

If the inferior mesenteric artery is ligated during a retroperitoneal lymph node dissection, what artery
insures blood supply to the upper rectum, sigmoid colon, descending colon, and part of the left transverse
colon?

The marginal artery of Drummond. This artery provides collateral circulation between the superior mesenteric
artery and the inferior and middle hemorrhoidal vessels.

When assessing left para-aortic lymphadenopathy on CT scan, what clue helps you distinguish
retroperitoneal structures from mesenteric structures?

At the level of the L3 vertebra (or inferior pole of the kidneys), the inferior mesenteric artery and inferior
mesenteric vein run in a craniocaudal direction. The ureter can be seen posterolateral to these distinct vessels.
Any structures dorsomedial are in the retroperitoneal space as compared to ventrolateral structures that are in the
mesentery or coelomic space.

In what direction does most lateral lumbar lymphatic flow proceed?

Right to left. The lymphatics coalesce posterior to the aorta to form a localized dilation of lymphatic chain
known as the cisterna chyli. This structure lies in a retrocrural position, just anterior to the first or second lumbar
vertebra, and empties into the thoracic duct through the aortic hiatus of the diaphragm.
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What is Kocher maneuver?

The Kocher maneuver refers to the surgical reflection of the second and third part of the duodenum
craniomedially, to provide access to the right renal vessels and inferior vena cava. When combined
with mobilization of the small bowel mesentery, this maneuver exposes the great vessels in anticipation
of retroperitoneal dissection. It is important to recognize that the Kocher maneuver also mobilizes

the head or uncinate process of the pancreas. Carefully placed retraction in this area will help prevent
pancreatic injury.

What happens to the ipsilateral adrenal gland in cases of renal ectopia or agenesis?

They will present in their normal anticipated location within the retroperitoneum. The adrenal glands are
embryologically and functionally distinct from the kidneys. Physically they are separated from the kidneys by
connective tissue septa that are in continuity with Gerota’s fascia as well as varying amounts of perinephric fat.

During embryologic development the adrenal medulla has received what specialized cells and from where?

The adrenal medulla consists of chromaffin cells, which are derived from the neural crest and are intimately
associated with the sympathetic nervous system. Chromaffin cells belong to the family of amine precursor
uptake decarboxylase (APUD) cells and produce neuroactive catecholamines that are released directly into the
blood stream.

What zone of the adrenal cortex produces glucocorticoids?

The zona fasciculata. The adrenal gland consists of 3 zones or strata. The outermost layer of cells makes up the
zona glomerulosa that produces aldosterone (mineralocorticoids). The next layer is the zona fasciculata that
produces glucocorticoids, and in the normal adrenal gland is usually the thickest of the 3 layers. The innermost
zona reticularis is responsible for producing sex steroids.

Which layer of the adrenal cortex is not regulated by pituitary release of adrenocorticotropic hormone
(ACTH)2

The zona glomerulosa is not under direct pituitary regulation by ACTH. The zona glomerulosa, which is the
outermost layer of the adrenal cortex, produces aldosterone in response to stimulation by the renin—angiotensin
system.

On which kidney can you find a dromedary hump?

Both. This normal variation of renal contour is found much more commonly on the left than the right side. It is
seen as a focal bulge on the midlateral border of the kidney.

Between which 2 layers is the pararenal (paranephric) fat located?

Between the transversalis fascia and Gerota fascia. Within Gerota fascia, the kidney is suspended in the perirenal
fat. Depending upon the body habitus of the patient, varying amounts of pararenal fat can be found external

to Gerota fascia. When surgically approaching the kidney, the transversalis fascia can sometimes be mistaken

for Gerota fascia due to the underlying pararenal fat. Failure to incise transversalis fascia impends access to the
retroperitoneum.
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Which segmental branch of the main renal artery is most constant?

The posterior segmental artery is most constant. Prior to entering the renal hilum, the main renal artery divides
into an anterior and posterior division. The posterior segmental artery supplies the majority of the dorsum of the
kidney, whereas the anterior division gives rise to 4 anterior segmental arteries (apical, upper, middle, and lower)
supplying the rest of the kidney. During nephron sparing surgery, mistaking the often long posterior segmental
artery for the main renal artery can lead to incomplete arterial occlusion and blood loss.

Describe intrarenal arterial anatomy.

The renal artery divides into 4 or 5 segmental branches including the posterior, apical, upper, middle, and lower
segmental renal arteries. The segmental arteries travel through the renal sinus and branch to give rise to lobar
arteries. These lobar arteries divide again and enter the renal parenchyma as interlobar arteries and traverse the
renal parenchyma through the renal columns of Bertin. At the base of the renal pyramids, the interlobar arteries
branch into the arcuate arteries. In turn, the arcuate arteries branch to give rise to multiple interlobular arteries.
These interlobular arteries branch within the renal cortex giving rise to the afferent arterioles of the glomerular
capsule and contributing small branches to the renal capsular plexus. Blood leaves the glomerulus via the efferent
arteriole and meets the venous system at the vasa recta within the renal medulla or through a capillary network
within the cortex.

What is implied when renal arteries are referred to as end arteries?

The renal artery and its successive branches do not have anastomosis or collateral circulation. Therefore, occlusion
of any of these vessels will result in ischemia and infarction of the renal parenchyma that it supplies.

Describe renal venous drainage.

The capillary bed within the cortex and the vas recta drain into interlobular veins, and then into arcuate,
interlobar, lobar, and segmental veins, respectively. There are usually 3 to 5 segmental veins that empty into a main
renal vein. Unlike renal arteries, renal parenchymal veins anastomose freely, especially in the arcuate vessels.

Within the kidney where would the stellate veins be located?

The stellate veins form a subcapsular venous plexus that form a communication between the interlobular veins
and veins within the perinephric fat.

How can renal vasculature obstruct the urinary collecting system?

Accessory lower pole arteries may cross anterior to the urinary collecting system. In that orientation, they can
become an extrinsic cause of ureteral pelvic junction obstruction.

What is the significance of the anatomic landmark along the convex border of the kidney called
“Brodel white line?”

It is often mistaken for the relative avascular plane of the kidney used to gain access to the renal collecting system
during an anatrophic nephrolithotomy. The white line of Brodel is a longitudinal crease 1 to 2 cm ventral to the
convex border of the kidney. The actual location of the avascular longitudinal plane lies 1 to 2 cm dorsal to the
convex border of the kidney between the posterior segmental circulation and the anterior.
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Within the nephron of the kidney, describe the location and function of the juxtaglomerular apparatus.

The juxtaglomerular apparatus is a specialized association between the proximal aspect of the distal convoluted
tubule and the afferent renal arteriole. Specialized macula densa cells within the renal tubule detect changes with
intratubular sodium concentration. They communicate with juxtaglomerular cells of the afferent arteriole that are
responsible for secreting renin into the afferent arteriole and renal lymph. The juxtaglomerular cells will respond
to changes in wall tension and receive input from renal nerves that can stimulate renin secretion.

Within the renal collecting system, what is the significance of compound papillae?

When 2 renal pyramids fuse during their development, they form a “compound” papillae. They usually occur

at the renal poles. Their physiologic significance lies in the fact that the configuration of the collecting ducts (of
Bellini) allows for reflux of urine and potentially bacteria into the kidney. Renal parenchymal scarring secondary to
infection is typically most severe, overlying these compound papillae.

Describe the anatomy of a major calyx.

There are usually 2 to 3 major calyces within a kidney. Each major calyx receives 2 or more infundibula, each of
which drains 2 or more minor calyces.

Describe the muscle layers of the ureter.

The smooth muscle layers of the ureter orient themselves in 2 layers: the inner longitudinal layer and an outer
layer of circular and oblique muscle. The ureter’s muscle wall is thickest in its pelvic portion. The circular

and oblique fibers become integrated into the smooth muscle of the bladder and Waldeyer ring. The inner
longitudinal muscle fibers traverse the intramural ureter toward the ureteral orifice and trigone.

What are the 3 distinct narrowings normally present along the course of the ureter?

The first of these is the ureteropelvic junction, the second is the crossing of the iliac vessels, and the third is the
ureterovesical junction within the bladder.

Which of these is the smallest?

The ureterovesical junction is usually the most narrow.

What is the nomenclature used to describe ureteral segments intraoperatively and for radiologic
purposes?

The ureter can be divided into an abdominal and pelvic portion. The abdominal ureter extends from the

renal pelvis to the iliac vessels. The pelvic portion extends from the iliac vessels down to the bladder. For
radiologic purposes, the ureter can be divided into proximal, middle, and distal segments. The proximal
segment extends from the renal pelvis to the upper border of the sacrum. The mid-ureter lies between the upper
and lower borders of the sacrum. The distal ureteral segment extends from the lower border of the sacrum to

the bladder.

Describe the innervation of the kidney.

The kidney receives preganglionic sympathetic fibers from T8 (thoracic) through L1 (lumbar) spinal segments.
Postganglionic fibers arise from celiac and periaortic ganglia. Parasympathetic innervation arises from the lesser
and lower splanchnic nerves as well as the vagus nerve.
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Describe the innervation of the ureter.

The ureter receives preganglionic sympathetic fibers from T10 through L2 spinal segments. Postganglionic fibers
arise from ganglia in the aortorenal, superior, and inferior hypogastric plexus. Parasympathetic input arises from
the second through fourth sacral spinal segments.

Does the ureter require autonomic innervation to maintain peristalsis?

Intrinsic pacemaker sites located in the minor calices of the collecting system initiate the contraction, which is
then propagated down the ureter.

‘What is necessary for any abdominal hernia (including inguinal hernias) to occur?

A defect (weakness) in the transversalis fascia, which is the outer stratum of the retroperitoneal connective tissue, is
essential for a hernia to occur.

When performing laparoscopic port placement in the lower abdomen, what vessels of the anterior
abdominal wall can be injured leading to significant, often unrecognized bleeding?

Inferior epigastric vessels; these vessels originate from the external iliac arteries and traverse in a cranial direction
posterior to the body of the rectus muscle and anterior to the posterior rectus sheath. Laparoscopic ports will often
tamponade (mask) injury to these vessels only later to be recognized at the time of port removal or postoperatively
as a posterior rectus hematoma. The surgical principle of checking all port sites prior to proceeding will identify
this injury early, which is amenable to either open or laparoscopic suture ligation.

What perforating vessels of the anterior abdominal wall help identify the midline of the fascia?

The musculocutaneous perforators from the superior and inferior epigastric arteries that perforate the anterior
rectus fascia providing circulation to the dermis and skin. They emerge at regular intervals, approximately 2 to

4 cm cranial caudally and 2 cm off midline. Encountering these vessels can help the surgeon correct their midline
approach. Ligation or cautery of these vessels can lead to fat necrosis and devascularization of the skin.

‘What is the lymphatic drainage of the left kidney and the right kidney?

Left kidney drains into the left para-aortic nodes; right kidney drains into the right paracaval lymph nodes.

In either case, the lymph nodes can lie anterior, lateral, or posterior to the aorta and vena cava, respectively.
Infrequently, lymph nodes may be classified as hilar lymph nodes based on their association with renal hilum
instead of regional lymph nodes. To insure adequate lymph node sampling during radical nephrectomy, a staging
lymphadenectomy may be required.

What is the Pringle maneuver?

It is the compression of the portal triad in order to arrest hepatic blood flow during complicated inferior vena cava
thrombectomy. Care is taken not to injure the structures of the portal triad, including the hepatic artery, portal
vein, and common bile duct as well as minimizing the warm ischemia time during clamping.

‘What vessel associated with the posterior lateral border of Gerota fascia can lead to persistent annoying
bleeding during radical nephrectomy?

The renal capsular vein that connects the renal capsular plexus with the venous drainage of the posterior
abdominal wall exiting at the intersection of the transversus abdominis and quadratus lumborum muscles with the
iliac crest. This vessel is one of many that can get quite large if parasitized by a renal tumor.
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What fascia layer is often mistaken for Gerota (perirenal fascia) during an open-flank approach to the kidney?

Transversalis fascia, lying deep to the thoracolumbar fascia and covering the pararenal fat, together mimicking the
perirenal fascia and perirenal fat that surrounds the kidney.

What are the most ventral renal structures coursing over the isthmus of a Horseshoe kidney?

The ureters.

What is the cisterna chyli and where is it located?

The cisterna chili is located posterior medial to the aorta. It drains into the thoracic duct that enters the chest
medial to the right crus of the diaphragm. The cisterna chyli is the confluence of the left and right lymphatic
trunks, each with anterior and posterior branches to the renal vessels. Injury to the lymphatics at this level can
result in chylous ascites.

Do the lumbar sympathetic nerves travel anterior or posterior to the vena cava?

Posterior, often located cranial to the junction of the lumbar veins and the posterior vena cava.

‘What structures lie anterior to the hilum of the left kidney?

The tail of the pancreas, the splenic artery, and the splenic vein.

What are the various orientations of the right ureter to the vena cava?

Paracaval (normal) and retrocaval (circumcaval).

Where do the gonadal arteries originate?

From the ventral abdominal aorta, cranial to the inferior mesenteric artery and caudal to the renal arteries.

What nerve is seen exciting behind the psoas major muscle at the L2 level, traveling on top of the quadratus
lumborum muscle in a lateral direction over the iliacus muscle?

The lateral femoral cutaneous nerve of the thigh. Other obvious nerves in this area include the genitofemoral
nerve, which is more medial and runs on top of the psoas muscle, and the ilioinguinal and iliochypogastric nerves,
which lie lateral and more cranial to the lateral femoral cutaneous nerve.

Describe the association of the pleura to the 11th and 12th ribs.

The majority of the 11th rib and the dorsal-lateral half of the 12th rib. The 11th and 12th ribs are free-floating
ribs that help the surgeon plan percutaneous, laparoscopic, and open surgical approaches to the kidneys. The
pleura lie on the inner surface of the rib, medial to the insertion of the intercostal muscles, and superior to the
diaphragmatic insertion.

The most important lumbar nerves for preserving antegrade ejaculation arise from which sympathetic ganglia?

L3 and L4 sympathetic ganglia.

Parasympathetic fibers reach the inferior mesenteric plexus via what nerves?

Pelvic splanchnic nerves via the superior hypogastric plexus.
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BONY ANATOMY AND PELVIC SPACES

O

Which is the thinnest of the pelvic bones?

The pubic bones, which are often fractured in blunt pelvic trauma. Their fragments may injure the bladder,
urethra, and vagina.

True/False: The sacroiliac (SI) joint is often fractured in pelvic trauma.

False. The synovial SI joint gains additional strength from anterior and posterior ligaments and fractures rarely
involve this joint.

Where is Bogros space, what does it represent, and what are its anatomical limits?

Bogros space is located at the pelvic opening of the spermatic cord. It is lateral and superior to Retzius space. It
represents the retroinguinal preperitoneium. Its limits are:

® Medially: Epigastric vessels, spermatic cord, iliac vessels, and space of Retzius.
® Anteriorly: Transversalis muscle.
® Laterally: Psoas muscle and lateral cutaneous nerve.

Where is the border between the true and false pelvis?

The boundary between the 2 is the arcuate line that starts at the superior pubic ramus and extends to the sacral
promontory.

How many openings are there in the true bony pelvis? Name them.

Eight. Paired—greater and lesser sciatic foramina, obturator foramina; nonpaired—pelvic inlet and pelvic outlet.
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What effect has congenital nonunion or resection of the pubic symphysis on the ambulation of the patient?

It does not have any significant effect owing to the strength of the SI joint.

What are the major osseous ligaments of the pelvis?

Sacroiliac, pubic symphysis, sacrococcygeal, and sacrosciatic.

‘What passes through the anourogenital hiatus?

Urethra, vagina (females), and rectum.

What are the boundaries of the greater sciatic foramen?
Laterally and superiorly: Greater sciatic notch.

Medially: Sacrotuberous ligament.

What structures are found in Alcock canal and what is another name for Alcock canal?

The pudendal (Alcock) canal runs approximately 4 cm above the lower ridge of ischial tuberosity and contains
the pudendal artery, pudendal veins, and the pudendal nerve; all are invested in connective tissue, binding these
structures to the perineal surface of the obturator internus fascia.

VASCULAR ANATOMY

O

True/False: As the dorsal vein of the penis passes within the pelvis under the pubic arch it forms a venous
complex and part of this complex runs within the anterior and lateral walls of the striated urinary
sphincter.

True. One must be cautious during ligation and division of the dorsal venous complex, as damage to the striated
sphincter can occur.

‘What anatomic reason may account for the relatively higher incidence of axial skeletal and pelvic bone
metastases in patients with metastatic prostate cancer, as opposed to lung metastases for example?

There are numerous interconnections between the pelvic venous plexuses and the emissary veins of the pelvic
bones and vertebral venous plexuses, which may be routes of dissemination of infection or tumor from the
diseased prostate.

What artery has its origin off the inferior epigastric artery and can be identified medial to the femoral vein
during pelvic surgery?

The accessory obturator artery arises from the inferior epigastric artery in 25% of patients and continues on
through the obturator canal.

Following a radical dissection of inguinal lymph nodes for penile carcinoma, the surgeon decided to cover
the area with a rectus myocutaneous flap. Where does the blood supply come from for this flap?

Ipsilateral inferior epigastric artery.
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What is the most common origin of the superior vesical artery?

The proximal portion of the obliterated umbilical artery.

What structures besides the rectum does the middle rectal artery supply?

The middle rectal artery anastomoses with the superior and inferior rectal arteries to supply the reccum. It also
gives small branches to provide additional arterial supply to the seminal vesicles and prostate.

What accessory vein drains into the inferior surface of the external iliac vein in at least 50% of patients?

The accessory obturator vein. Care must be taken to not tear this vein at the time of pelvic lymph node dissection.

True/False: Intramural longitudinal vessels run the length of the ureter in 75% of patients.

True. These vessels are formed by anastomoses of segmental ureteral vessels. In the other 25% of patients, the
intramural ureteral vessels form a fine interconnecting mesh with less collateral flow and render the ureter more
prone to ischemic insult. This intramural, interconnecting meshlike vascular pattern is often found in the pelvic
ureter, and therefore, this portion of the ureter is less suited for ureteroureterostomy.

What is one of the main reasons that the primary repair of the pelvic ureter is often prone to strictures?

The blood supply of the pelvic ureter is based on longitudinal collaterals that run along it, which are often severed
following both the primary injury to the ureter and subsequent mobilization during its repair, thus limiting its
blood supply with a high risk for ischemic strictures.

What arteries usually supply the ureter with its largest pelvic branches?

The inferior vesical and uterine arteries.

In a normal adult male, at what anatomic location are the ureters closest to each other?

The ureters are closest and are located within 5 cm of each other as they cross the iliac vessels.

What is the principal arterial supply to prostatic adenomas in benign prostatic hyperplasia and where are
the origin and principal branches of the prostatic artery?

The inferior vesical arteries have urethral artery branches that enter the prostate posterolaterally at its junction
with the bladder and these branches are the principal arterial supply to the adenomas. There is also a capsular
branch. The short segment at the end of the inferior vesical artery after all the branches to the bladder but before
the bifurcation between the capsular and urethral branches is called the prostatic artery. It can be embolized in
selected cases for treatment of benign prostatic hyperplasia (BPH) or intractable prostatic bleeding.

What structures do the uterine arteries supply?

The proximal vagina, uterus, and medial two-thirds of the fallopian tubes.

When an accessory pudendal artery is present and is supplementing or replacing the penile arterial supply
by the common penile artery, what is its origin?

An accessory pudendal artery is present in approximately 4% of patients undergoing a radical retropubic
prostatectomy and arises from the inferior vesical artery, superior vesical artery, and obturator artery.
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What are the anatomic relations of the internal pudendal artery in the male?

The internal pudendal artery in the male lies anterior to the piriformis muscle, sacral plexus of nerves, and the
inferior gluteal artery. As it crosses the ischial spine, it is covered by the gluteus maximus muscle and overlapped
by the sacrotuberous ligament. The pudendal nerve is medial to the artery while the nerve to the obturator
internus muscle is lateral to the internal pudendal artery.

‘What is the anatomic course of the accessory pudendal artery in relation to the prostate gland?

It runs anterolateral to or within the prostate to reach the penis.

‘What is the relation of spermatic cord to the deep external pudendal artery?

The spermatic cord is crossed posteriorly by it.

If the right internal iliac artery was ligated, what principal vessels might contribute to collateral circulation?
The following would possibly allow collateral circulation:

The ovarian artery from the aorta with the uterine artery.
The vesical arteries of the contralateral side with the same vessels on the ligated side.
® The middle rectal artery branches of the internal iliac artery with the superior rectal artery from the inferior
mesenteric artery.
® The obturator artery with the inferior epigastric artery and the medial femoral circumflex artery, and by means
of the pubic branch of the obturator artery, with the same vessels from the contralateral side.
The circumflex artery with perforating branches of the deep femoral artery and the inferior gluteal artery.
The superior gluteal artery with the posterior branches of the lateral sacral arteries.
The iliolumbar artery with the last lumbar artery.
The lateral sacral artery with the middle sacral artery.

The iliac circumflex artery with the iliolumbar and the superior gluteal arteries.

Where is the aortic bifurcation relatively to the spine?

The aorta gives rise to 2 common iliac arteries at the level of 4th lumbar vertebra.

What artery arises posteriorly at the level of the aortic bifurcation and what does it supply?

It is the middle sacral artery and it supplies the sacral foramina and the rectum.

Does the blood supply to the pelvic ureter enter laterally or medially?

Laterally. The pelvic peritoneum should be incised only medial to the ureter.

What are the branches of the internal iliac artery?

The posterior trunk gives rise to 3 parietal branches: The superior gluteal, the ascending lumbar, and the lateral
sacral branches. The anterior trunk gives rise to 7 branches: The superior vesical, the middle rectal, the inferior
vesical, the uterine, the internal pudendal, the obturator, and the inferior gluteal branches.

‘What are the sources of collateral blood supply to the pelvic organs in the case of bilateral ligation of the
internal iliac arteries due to massive hemorrhage?

Aortic branches (middle sacral and lumbar arteries) and inferior mesenteric branches (inferior mesenteric artery).
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What are the pelvic organs that do not receive blood supply from the internal iliac artery?

Gonads (testicles and ovaries) and superior part of the rectum.

True/False: In a nerve-sparing cystoprostatectomy, the unilateral internal iliac artery should be ligated and
divided to improve hemostasis and facilitate the nerve-sparing procedure, thereby possibly maintaining
erectile function.

False. The internal iliac artery should be preserved and the superior vesical artery should be ligated and divided
proximally in order to maintain the integrity of the internal pudendal artery and to prevent vasculogenic erectile
dysfunction.

‘Which blood vessels run in Camper fascia?

The superficial circumflex iliac, external pudendal, and superficial inferior epigastric vessels. They are branches of
the femoral vessels.

What 2 branches of the external iliac artery are within the pelvis?

The inferior epigastric and the deep circumflex iliac arteries.

At what anatomic site does the internal iliac artery branch into its anterior and posterior trunks?

The greater sciatic foramen.

Where is the origin of the obturator artery?

The obturator artery has a variable origin. It can arise from the anterior trunk of the internal iliac artery, the
inferior epigastric artery, or the inferior gluteal artery.

What are the branches of the obturator artery within the pelvis?

The iliac, vesical, and pubic arterial branches. The iliac branches ascend in the iliac fossa and supply the iliacus
muscle and ilium, while anastomosing with branches of the iliolumbar artery. The vesical branch courses medially
and posteriorly to help supply the bladder. The pubic branch arises from the obturator artery just before it leaves
the pelvis and ascends inside the pelvis to communicate with the same vessel on the contralateral side and with the
inferior epigastric vessels.

The middle sacral vein is usually a tributary of which vein?

The left common iliac vein.

What are the origins of the arteries that supply the seminal vesicles?

These arteries are derived from the middle vesical, inferior vesical, and middle rectal arteries.

What is the venous drainage of the vagina?

The venous drainage occurs by means of the vaginal plexus of veins along the lateral aspect of the vagina. These
are in continuity with the uterine, vesical, and rectal venous plexuses. The vaginal plexuses are drained by 1 or 2
vaginal veins on each side that flow into the internal iliac veins either directly or through the connections with the
internal pudendal veins.
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During a radical cystectomy (anterior exenteration) and an ileal conduit in a 65-year-old female, the vagina
is observed to have very good vascular supply when the anterior wall is resected en bloc with the specimen.
What is the main arterial supply to the vagina?

The vaginal arteries, which can be represented by 1, 2, or 3 arterial vessels. These include arterial branches that can
arise from the uterine artery, inferior vesical artery, or separate arterial branches directly from the anterior trunk of
the internal iliac artery.

In what percentage of patients undergoing radical retropubic prostatectomy does the superficial dorsal vein
of the penis appear to be absent?

Approximately 10%.

During a radical cystectomy and pelvic lymph node dissection, care should be taken to avoid dissection
below the presacral fascia. Why?

This dissection may disturb the presacral veins and cause unnecessary blood loss.

What is the arterial supply to the rectum?

® Inferior mesenteric artery to superior rectal
® Internal iliac artery to middle rectal
¢ Internal iliac to internal pudendal to inferior rectal

What 2 tubular structures can be identified near the cervico-uterine junction upon opening the broad
ligament between the round ligament and the infundibulopelvic ligament?

Uterine artery and, beneath it, the ureter.

‘What life-threatening complication can occur while dissecting posterior to the rectum?

Damage to the presacral venous plexus can be massive and very difficult to control.

LYMPH NODES AND DRAINAGE

O

O

O

To what nodal locations do the lymphatics of the vas deferens and seminal vesicles drain?

The external and internal iliac lymph nodes.

True/False: The external iliac lymph nodes can be further separated anatomically and functionally into
3 chains.

True. The external, middle, and internal chains. For example, the external chain does not receive any lymphatic
drainage from organs within the pelvis and these lymph nodes are located lateral to the external iliac vessels.

‘What is the lymph node of Cloquet anatomic location?

The lymph node of Cloquet lies within the femoral canal, medial to the external iliac vein, and beneath the
inguinal ligament.
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Lymphatics from the pelvis and testes cross the midline at what level?

At the level of the renal hilum.

How many external iliac lymph nodes are usually present in the normal adult and what is their anatomic
arrangement?

There are usually 8 to 10 external iliac lymph nodes that lie along the external iliac vessels. They are arranged
in 3 groups. One group is on the lateral aspect, another on the medial aspect, and a third group on the anterior
aspect of the external iliac vessels. The third group of lymph nodes on the anterior aspect of the vessels is
sometimes absent.

‘What are the primary lymph nodes that drain the uterus?

The external and internal iliac nodes, obturator nodes, para-aortic nodes (accompanying the drainage of ovary),
and superficial inguinal nodes (through round ligament).

How does a previous inguinal surgery (ie, orchiopexy) influence the possible distribution of metastatic
disease in testicular cancer?

It can alter the lymphatic drainage, hence allowing additional routes for lymphogenic spread, for example to
inguinal, iliac, and obturator lymph nodes.

NERVES AND INNERVATION

O

During a psoas hitch procedure (fixation of the urinary bladder to the psoas muscle with sutures), in which
direction should the sutures be placed and why?

The sutures should be placed in the direction of the muscle fibers and femoral nerve to avoid femoral nerve
entrapment or damage due to the nerve passing within the substance of the psoas muscle. Caution must also be
taken with retractor blades on the psoas muscle for prolonged periods, as this may also cause a femoral nerve palsy
affecting ipsilateral knee extension.

‘Which nerve is located lateral to the psoas muscle in the iliacus fascia?

The lateral femoral cutaneous nerve.

During a radical cystectomy in a 65-year-old male patient for clinical T3a transitional cell carcinoma of
the bladder, you notice a nerve visible on the surface of the right psoas major muscle has been damaged
by an electrosurgical injury. Which nerve is this and what sensory loss do you anticipate this patient may
experience if the nerve function cannot be salvaged?

The right genitofemoral nerve has been injured. Sensory loss to the anterior right thigh below the inguinal
ligament and the anterior right hemiscrotum may occur.

A 67-year-old male patient, 3 months postradical retropubic prostatectomy, but otherwise healthy, describes
difficulty in moving his left leg into the car when he is on the driver’s side. He has noticed this only in the
postoperative period. What nerve injury likely occurred during his surgery?

The patient likely sustained a left obturator nerve injury. The obturator nerve supplies the adductor muscles of the

ipsilateral thigh.
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Where is the obturator nerve located in relation to the obturator artery and vein?

The obturator nerve lies lateral and superior to the obturator vessels.

During a sacrospinous colposuspension, which nerve or nerve plexus is at relatively high risk of injury?

The risk of injury is to the sacral plexus, as it leaves the pelvis via the greater sciatic foramen and is immediately
posterior to the sacrospinous ligament. If injured, there may be sensory and motor nerve supply compromise to
the posterior thigh and lower leg.

Where is the sacral plexus located?

The sacral plexus is located on the surface of the piriformis muscle, deep to the endopelvic fascia, and posterior to
the internal iliac vessels.

Which nerve passes through the greater sciatic foramen and supplies sensory branches to the perineum and
posterior aspect of the scrotum?

The posterior femoral cutaneous nerve.

Can a local anesthetic alone achieve a complete prostatic block?

Yes. It must be instilled into the pelvic plexus to block all afferent neurons.

During a radical retropubic prostatectomy, where are the cavernosal nerves most vulnerable?

At the apex of the prostate, where they closely approach the prostatic capsule at the 5- and 7-0’clock positions.

What are the anatomic relations of the communicating nerve fibers of the left and right components of the
pelvic plexus?

These fibers communicate posterior to the rectum, as well as anterior and posterior to the bladder neck.

True/False: There is no pelvic parasympathetic efferent innervation to the descending and sigmoid colon.

False. Some pelvic parasympathetic efferent fibers travel up the hypogastric nerves to the inferior mesenteric
plexus, where they will subsequently provide innervation to the descending and sigmoid colon.

True/False: The pelvic ureter has rich adrenergic and cholinergic autonomic nerve supply and will lose its
peristaltic activity if it is denervated.

False. The ureter will continue to have peristaltic activity despite its pelvic denervation. This is driven from
pacemakers in the upper urinary tract.

True/False: Bilateral pudendal nerve injury will cause loss of striated external sphincter function at the level
of the membranous urethra.

False. The striated sphincter has additional somatic nerve supply from a branch of the sacral plexus and it is
located on the levator ani. Autonomic innervation from the cavernous nerves is also present, but this may not be
sufficient for urinary continence.
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What course do the nerves from the pelvic plexus travel to reach the female pelvic viscera?

The nerves from the pelvic plexus travel through the cardinal and uterosacral ligaments. During a hysterectomy,
these ligaments are divided and therefore may result in a neurogenic bladder.

Which nerve crosses the distal end of the external iliac artery?

The genital branch of the genitofemoral nerve.

True/False: Presacral neurectomies are reasonably effective in relieving bladder pain.

False. Afferent innervation from the bladder travels with the parasympathetic nerves as well as the sympathetic
nerves, which travel via the hypogastric nerves.

What spinal nerve root or roots supply the cremasteric muscle?

Spinal nerve root S-4.

Describe the course of the cavernosal nerves in the pelvis.

They originate from the most caudal portion of the pelvic plexus, then pass the tips of the seminal vesicles and lie
within leaves of the lateral endopelvic fascia near its juncture with, but outside, Denonvilliers fascia. They travel
at the posterolateral border of the prostate on the surface of the rectum and are lateral to the prostatic capsular
vessels.

Where is the location and anatomic orientation of the pelvic plexus?

The pelvic plexus is rectangular, 4 to 5 cm in length, oriented in the sagittal plane and is located at its midpoint at
the tip of the seminal vesicles.

What structure is often described as the inferolateral limit of a pelvic lymph node dissection in a radical
cystectomy?

The genitofemoral nerves. The fibroareolar tissue is divided medial to this structure in a pelvic lymph node
dissection during a radical cystectomy.

What neural structure can be damaged while performing radical inguinal orchiectomy?

The ilioinguinal nerve, which lies inferior to the spermatic cord as it traverses the inguinal canal.

While extracting the seminal vesicles during a radical prostatectomy the surgeon encountered difficulty in
dissection. What neural structures can be damaged while removing the seminal vesicles?

Hypogastric (pelvic) neural plexus carries within it presynaptic parasympathetic nerve fibers which further on their
course become the cavernosal nerves, injury to which can cause postoperative impotence.

What sensory and motor deficits can follow Gibson and inguinal abdominal wall incisions?

Iliohypogastric (L1) and ilioinguinal (L1) nerves emerge from the lumbosacral plexus and provide the muscle
innervation to internal oblique and transversus muscles and sensory supply to the skin of the posterior gluteal and
suprapubic regions (iliohypogastric) and the skin of the medial thigh and genital region (ilioinguinal).
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What is the location of the presynaptic sympathetic and parasympathetic cell bodies that project to the
pelvic autonomic plexus?

Sympathetic: Lateral column of gray matter in T10-12 and L1-2.

Parasympathetic: Intermediolateral cell column of the sacral cord.

What effect will stimulation of parasympathetic nerve fibers from S2-4 segments have?

Vasodilatation of the cavernosal artery of penis with resultant tumescence.

MUSCLES, LIGAMENTS, AND FASCIAL LAYERS

O

What is the origin of the muscles of the pelvic diaphragm?

The origin of the pubococcygeus and iliococcygeus muscles is the tendinous arch of the levator ani.

‘What types of muscle fibers make up the pelvic diaphragm?

Type 1 (slow-twitch), for tonic support to the pelvic structure, and type 2 (fast-twitch), for rapid increases in
intra-abdominal pressure, muscle fibers.

What are the walls of the pelvic cavity?
Posterior: Sacrum, piriformis muscles.

Lateral: Hip bones, obturator internus muscles.
Anterior: Bodies of pubic bones, pubic symphysis.

Inferior wall: Muscular pelvic diaphragm.

‘What are the muscles of the false pelvis?

Rectus abdominis, psoas major, and iliacus.

True/False: Longitudinal smooth muscle fibers from the rectum join Denonvilliers fascia.

True. The fibers are located anteriorly at the inferior portion of the rectal ampulla.

During a radical cystectomy/anterior exenteration in a 65-year-old female patient with clinical T3a
transitional cell carcinoma of the bladder, what ligaments are part of the lateral and posterior bladder
pedicles that will be divided?

The cardinal and uterosacral ligaments.

What is the muscle that connects the rectum, posterior Denonvilliers fascia, and the posterior striated
urinary sphincter?

The rectourethralis muscle.
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Is smooth muscle present within the puboprostatic ligaments?

Yes. There are smooth muscle fibers within the puboprostatic ligaments derived from the outer layer of detrusor
musculature. Once the puboprostatic ligaments are divided during a radical retropubic prostatectomy, the
ligaments contract due to their smooth muscle components and are no longer apparent.

What 3 muscles combine to make up the pubococcygeus muscle in the female?

The pubococcygeus muscle is a thick “V-shaped” muscle band comprising 3 sections—the pubovaginalis muscle
anteriorly, the puborectalis muscle, and the puboanalis muscle. These muscles pull the rectum, vagina, and urethra
anteriorly against the pubic bone to compress the lumen of each.

What is the primary muscular component of urethral support in the female?

The pubovaginalis muscle, which is the most anterior part of the levator ani.

While performing the incision for a radical retropubic prostatectomy, the pyramidalis muscle is observed to
be present. What is the innervation of this muscle and what happens when it contracts?

The 12th thoracic nerve. Contraction of this muscle tenses the linea alba.

Is the configuration of the pelvic diaphragm flat, bowl-shaped, or near vertical?

At the urogenital and anal hiatus, the muscles lie in a near-vertical configuration.

Name the muscles of the true pelvis.

Piriformis, coccygeus, obturator internus, and the Levator ani.

What are the parts of levator ani muscle?

Ischiococcygeus, iliococcygeus, and pubococcygeus. Pubococcygeus is further subdivided into puboperinealis,
puboprostaticus or pubovaginalis, puboanalis, and puborectalis.

What are the insertion points of levator ani muscle?

Ischiococcygeus: From pelvic surface and tip of ischial spine to lateral margin of coccyx and lower sacral segments.
Iliococcygeus: From inner surface of ischial spine and tendinous arch of levator ani to the tip of the sacrum and
the coccyx and anococcygeal ligament. Pubococcygeus: From inferior part of the pubic bone and to urethra
(including external sphincter complex), prostate/vagina, perineal body, anal canal, and anococcygeal ligament.

What is the origin and insertion of the pyramidalis muscle?

It arises from the pubic crest and inserts into the linea alba.

‘What abdominal muscle layer is in continuity with the cremasteric muscle?

The internal oblique muscle.

The endopelvic fascia is continuous with which layer of the abdominal wall?

The transversalis fascia.
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What structures can be injured if the incision in the endopelvic fascia made during a radical retropubic
prostatectomy is too deep?

The pudendal artery and nerve, which are located just deep to iliococcygeus muscle and run along the inferior
pubic ramus.

‘What organs does the inner stratum cover in the pelvis and what is its clinical importance?

The inner stratum covers the rectum and the dome of the bladder. It also forms Denonvilliers fascia, which acts as
a barrier between the rectum and prostate, which contributes to the low rate of local extension of prostate cancer
into the rectum.

What forms the arcus tendineus fascia pelvis?

Fusion of the visceral and parietal components of the pelvic fascia forms the arcus tendineus fascia pelvis. It
appears as a white line of condensation within the pelvis that runs in a sulcus lateral to the prostate from the
puboprostatic ligaments to the ischial spine.

What fascial structure extends medially from the arcus tendineus fascia in the female pelvis and what is its
clinical significance?

This structure is referred to as the periurethral, pubovesical, or urethropelvic ligament, and it provides support to
the urethra and anterior vaginal wall. Compromise to this fascia may contribute to stress urinary incontinence,
bladder neck hypermobility, cystocele, or urethrocele formation.

During a radical retropubic prostatectomy, the endopelvic fascia is divided lateral to the arcus tendineus
fascia pelvis and is mobilized off the levator ani medially with the prostate. Is this endopelvic fascia visceral
or parietal?

It is the parietal endopelvic fascia.

‘What is unique about the Cherney incision?

This incision involves access to the pelvic cavity and detaches the rectus muscles from the symphysis.

Describe the medial and inferior limits of Scarpa fascia.

Inferiorly, it fuses with the deep fascia of the thigh 1 cm below the inguinal ligament along a line from the anterior
superior iliac spine to the pubic tubercle. Medially, it is continuous with Colles fascia of the perineum.

What is the anatomical basis for a butterfly hematoma in the perineum?

Colles fascia attaches to the ischiopubic rami laterally and to the posterior edge of the perineal membrane, hence
limiting the spread of blood and urine following injury.

Colles fascia is continuous with what other fascia of the penis and scrotum?

Colles fascia is continuous with the dartos fascia of the penis and scrotum.
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Where is the arcuate line and what is its significance?

The arcuate line is located two-thirds of the distance from the pubis to the umbilicus, and is the point at which all
aponeurotic layers abruptly pass anterior to the rectus abdominis leaving this muscle clothed only by transversalis
fascia and peritoneum posteriorly.

What is the difference in the posterior lining of rectus abdominis muscle above and below the arcuate line?

The aponeurosis of internal oblique muscle passes anterior to the rectus abdominis below the arcuate line.

What are the boundaries of the inguinal canal?

Floor—Inguinal ligament and lower border of external oblique aponeurosis.
Posterior wall—Transversalis fascia and conjoint tendon in medial third.
Roof—Fibers of conjoint tendon.

External oblique aponeurosis and internal oblique muscle in lateral third.

What is the origin of the external spermatic fascia?

The aponeurosis of external oblique muscle.

What hernia has its internal opening between the inguinal ligament from above and the superior pubic
ramus from below?

A femoral hernia.

What structures can be injured by a paramedian incision lateral to the rectus and what problems ensue?

The last 6 thoracic segmental nerves enter the rectus abdominis laterally to supply it; division of these nerves
can cause atrophy of the rectus and may predispose to ventral hernia. The inferior epigastric vessels may also be
injured.

At the start of a robotic transperitoneal radical prostatectomy, what folds are visible on the internal surface
of the anterior abdominal wall and what do they contain?

Approached laparoscopically, 3 elevations of the peritoneum, referred to as the median, medial, and lateral folds,
are visible below the umbilicus. The median fold overlies the urachus; the medial fold covers the obliterated
umbilical artery; and the lateral fold is over the inferior epigastric vessels.

Why is the medial umbilical fold an important landmark for the surgeon?

It contains the obliterated umbilical artery, which may be traced to its origin from the internal iliac artery to locate
the ureter, which lies on its medial side.

What are the narrowest sites of the pelvic ureter?

Where the ureter crosses the iliac vessels and at ureterovesical junction.



72

Urology Board Review

What layers of the abdominal wall are encountered during a Gibson incision?

® The aponeurosis of the external oblique.
® The internal oblique muscle.
® The transversus abdominis muscle.

‘What are the components of the broad ligament of the uterus?

Mesosalpinx, mesovarium, and mesometrium.

‘What structures will be found upon opening the infundibulopelvic ligament near its attachment to the
lateral pelvic wall?

External iliac vessels, ureter, and genitofemoral nerve.

During radical cystectomy and anterior pelvic exenteration in a young female patient the decision was made
to preserve the ovaries—which uterine support structures should be preserved and which ligated?

The infundibulopelvic ligament (with blood supply to the ovary) should be preserved, while the utero-ovarian and
round ligaments are divided.

What stratum of pelvic fascia gives the origin to the suspensory ligaments of inner pelvic organs?

Suspensory ligaments (eg, cardinal, posterior vesical, and uterosacral) arise from the intermediate stratum of pelvic
fascia.

Which of the pelvic floor muscles do not insert into the perineal body?

All the pelvic muscles and fascia insert into the perineal body.

‘What structure forms the superior, lateral, and inferior borders of the saphenous opening?

The superficial stracum of the fascia lata.

What are the compartments of the femoral sheath?

Femoral artery (lateral), femoral vein (intermediate), and the femoral canal that contains lymph vessels and the
occasional lymph node (medial).

‘What muscles are attached to the pubic tubercle?

Cremaster muscle and partially the rectus abdominis and pyramidalis muscles.

How would you define the border between the sigmoid colon and the rectum?

At the level of third sacral vertebra, the sigmoid mesocolon disappears, thus the rectum is technically situated in
the retroperitoneum.

What structure will be found upon incision of the anterior wall of the rectovesical pouch in the male?

The seminal vesicles.
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Describe the course of the right ureter in the female pelvis.

Passing medially at the level of the ischial spine, it lies behind the ovary in close association with the suspensory
ligament of the ovary and forms the posterior limit of the ovarian fossa. The ovarian vessels make an oblique
crossing over the ureter. Entering the parametrium of the broad ligament, it runs successively through the
uterosacral ligament, the cardinal ligament, and the vesicouterine ligament. In its course, the ureter runs for a
short distance with the uterine artery, which originates from the internal iliac artery and lies lateral and anterior
to 1t.

BLADDER AND URETHRA

O

What areas of a normal bladder may be more prone to diverticular formation?

The dome of the bladder, where the urachus anchors the apex of the bladder to the anterior abdominal wall due to
a paucity of detrusor muscle at this site. The hiatus in the detrusor, where the intramural ureter passes, is also more
prone to diverticular formation.

During cystoscopic examination of a normal bladder, the urothelium over the trigone appears relatively
smooth compared to the surrounding urothelium. How is this explained?

The urothelium over the trigone is usually 3 cells thick and the lamina propria is dense here with strongly
adherent epithelial cells. Therefore, during changes in bladder volume, the trigonal epithelium remains smooth in
appearance endoscopically.

When completely filled, what is the approximate maximum capacity of the normal bladder?
450 to 500 mL.

What are the layers of the bladder?

Transitional epithelium
Lamina propria
Detrusor

Inner longitudinal
Middle circular

Outer longitudinal

What is the thickest part of the bladder?
The bladder base.

What are the distinct muscle layers of the trigone of the bladder?
There are 3 layers:

1. A superficial layer, derived from the longitudinal muscle of the ureter.
2. A deep layer, which continues from Waldeyer sheath.

3. A detrusor layer, formed by the longitudinal and middle circular smooth muscle layers of the bladder wall.
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Where does the ureteral smooth muscle terminate distally?

The verumontanum. The muscle of the trigone is made up of 3 distinct layers; the superficial layer, derived from
the longitudinal smooth muscle of the ureter, extends down to the verumontanum.

Is the bladder more richly supplied with sympathetic or parasympathetic nerves?

Parasympathetic cholinergic nerve endings (mostly M2 and some M3) predominate.

True/False: The bladder wall has many postganglionic cell bodies.

True. The vast majority of these synapse with parasympathetic cholinergic nerve endings.

What will be the effect of adrenergic sympathetic stimulation of the region of bladder neck and prostate?

Contraction of smooth muscle of the area resulting in bladder neck closure and seminal emission.

In what part of the spinal cord do you find the nerve fibers that mediate awareness of the bladder
distention?

In the posterior column (fasciculus gracilis).

True/False: Presacral neurectomies are reasonably effective in relieving bladder pain.

False. Afferent innervation from the bladder travels with the parasympathetic nerves as well as the sympathetic
nerves, which travel via the hypogastric nerves.

What arteries, besides the superior and inferior vesical, carry blood supply to the urinary bladder?

Obturator and inferior gluteal arteries; in females, there are also branches from uterine and vaginal arteries.

How is the venous drainage of the bladder different from normal venous drainage?

Instead of following the arteries, the veins of the bladder drain into the lateral plexuses about the ureters and into
the prostatovesical plexuses along with the deep dorsal vein of the penis and the cavernous vein. From the plexus,
the veins run in the lateral prostatic ligaments to empty into the internal iliac veins.

Where does the bulk of the lymphatic fluid from the bladder drain?

The external iliac lymph nodes. Some drainage may go to the obturator, internal iliac, and common iliac lymph
nodes.

‘What are the 3 distinct sets of lymphatic vessels draining the bladder?
1. Channels from the trigone area exit on the exterior of the bladder to run superolaterally.
2. Channels from dome join to the posterolateral angle and pass superolaterally.

3. Channels from the inferolateral surface go up to join those from the dome or run to the lymph nodes in the
obturator fossa.

Most of these vessels end up in the obturator, hypogastric, and external iliac nodes, and can also reach common
iliac, presacral, and even aortocaval regions.
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Does the urachus reach the umbilicus?

The urachus does not usually reach the umbilicus in the adult; rather, it may terminate adjacent to one of the
obliterated hypogastric arteries, or it may join both arteries, or it may be short and partially degenerate into the
subumbilical fibrous plexus of Luschka.

What is the type of epithelium that lines the urachus?

In majority of cases it is transitional cell epithelium, sometimes colonic and small intestinal epithelium can be

found.

During emergency cesarean section the gynecologic surgeon noticed urine leaking into the field. What is
the most common site of bladder injury during hysterectomy or cesarean section?

At the posterior bladder wall just superior to the intraureteric ridge.

What are the posterior relations of the urinary bladder in males and in females?
Male: Rectum, sigmoid colon, and ileum.

Female: Proximal vagina, cervix and uterus, sigmoid colon, and ileum.

What is the arterial blood supply of bulbar and penile urethra?

Bulbourethral artery, which runs from bulbous urethra of the penis distally and the dorsal penile artery.

What is the arterial blood supply of penile skin?

Right and left superficial external pudendal arteries, which arise from the first portion of the femoral artery.

What is the arterial blood supply of female urethra?

Mainly from the vaginal artery and the inferior vesical artery.

What are the parts of male urethra?

Proximal (posterior) urethra: preprostatic, prostatic, membranous; distal (anterior): bulbar or bulbous, penile or
pendulous, and the fossa navicularis.

What does the verumontanum contain?

It contains the prostatic utricle and the ejaculatory ducts.

What anatomical structures are responsible for urinary continence at the level of membranous urethra?

Folds of urethral mucosa, submucosal connective tissue, intrinsic urethral smooth muscle fibers, striated muscle
fibers, and the pubourethral component of levator ani muscle.
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What will be the area of urine extravasation in the case of isolated bulbar urethral transection or the limits
of extent of necrotizing fasciitis of the scrotum (Fournier gangrene)?

Anteriorly and superiorly—toward the anterior and lateral abdominal wall deep to Scarpa fascia up to the
clavicles. In the perineum, it is limited by the fusion of Colles fascia to the perineal membrane posteriorly and the
ischiopubic rami laterally, thus the resulting collection will resemble a butterfly.

‘What is the lining of the female urethra?

Its lining changes gradually from transitional to nonkeratinized stratified squamous epithelium.

THE TESTIS

O

What are the contents of the spermatic cord?

Vas deferens, testicular artery and veins (pampiniform plexus), cremasteric artery, artery of vas deferens, the genital
branch of the genitofemoral nerve, cremasteric nerve, and the sympathetic components of the testicular plexus.

What are the origins of the collateral blood supply to the testis?

Testicular artery—branch of aorta, cremasteric artery—branch of inferior epigastric artery, artery of vas deferens—
branch of the superior vesical artery.

Is there subcutaneous adipose tissue in the scrotum?

No, the scrotal skin lacks this layer. The dartos muscle lays immediately beneath the skin.

Where does the lymphatic drainage from the scrotal skin go?

To the superficial inguinal nodes.

What are the relations of the right testicular artery to other organs on its course from the aorta to the testis?

Anterior to the inferior vena cava and posterior to the horizontal part of the duodenum, the right colic and
ileocolic arteries, the root of the mesentery and terminal ileum.

Where does the lymphatic drainage from the testes go?

To the retroperitoneal lymph nodes.

What is the type of germinal epithelium that lies outside the blood—testis barrier?

Type A spermatogonia.

True/false: The seminal vesicles and rectum are invested in the common fascial layer.

False. The seminal vesicles are divided from the rectum by Denonvilliers fascia.

Do the seminal vesicles have contact with parietal peritoneum?

Yes, at their tips.
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True/false: The final stage of spermatozoa maturation occurs in the seminal vesicles.

False. The spermatozoa are not stored in the seminal vesicles, but rather in the epididymis.

What is the usual location of the appendix testis and what embryologic remnant does it represent?

Located in the upper pole of the testis, it is a remnant of the Miillerian (paramesonephric) duct.

What part of the epididymis gives rise to the vas deferens?

The tail of the epididymis.

THE PENIS

O

O

O

What are the 3 commonly recognized patterns of blood supply to the human penis?
1. Exclusively from internal pudendal arteries
2. Both from accessory and internal pudendal arteries

3. Exclusively from accessory pudendal arteries

True/false: The 2 corpora cavernosa of the human penis freely communicate with each other through a
deficient septum.

True.

What is the thinnest part of the tunica albuginea of the penis?

The ventro-lateral part, where it can tear following abnormal bend (penile “fracture”).

‘What structures are enclosed between Buck fascia and the tunica albuginea of the penis?

The deep dorsal vein, the dorsal penile arteries, and the dorsal nerves of the penis.

THE PROSTATE

O

True/False: Normal prostatic glands may be within the striated urethral sphincter.

True. There is no fibromuscular stroma or prostate capsule with these glands.

True/False: The entire prostate is enclosed by a capsule composed of collagen, elastin, and abundant smooth
muscle.

False. The prostate is devoid of a capsule at the apex and base; therefore, no true capsule separates the prostate
from the striated urethral sphincter or the bladder. The capsule is composed of collagen, elastin, and abundant
smooth muscle and is continuous with the prostatic stroma.

What is the zonal anatomy of the human prostate?

Transition zone, peripheral zone, central zone, anterior fibromuscular stroma.
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What are the layers of prostate capsule left in a patient after open prostatectomy for benign disease?

In these patients the capsule is comprised of true (prostatic fascia) and false (compressed transition zone) capsular
layers.

In what areas of the prostate is the capsule deficient and why is this important?

At the apex and at the base. Normal prostatic glands can be found to extend into the striated urethral sphincter
with no intervening “capsule.” At the base of the prostate, outer longitudinal fibers of the detrusor fuse and blend
with the fibromuscular tissue of the capsule. As with the apex, no true capsule separates the prostate from the
bladder. This makes assessment of margins somewhat difficult in radical prostatectomy specimens.

True/false: Part of the arterial blood supply of the prostate comes through the puboprostatic ligaments.

False. The puboprostatic ligaments are virtually avascular structures.

What is the arterial blood supply to the prostate?

Branches from inferior vesical, middle rectal, and internal pudendal arteries.

Which nerves carry sympathetic and parasympathetic innervation to the prostate?

The cavernosal nerves.



Embryology of the

CHATIERS  Genitourinary Tract

Mark F. Bellinger, MD

(O  For a normal kidney to form, the ureteric bud must unite with what embryonic tissue?

It must join with the metanephric mesenchyme.

(O Although one theory proposes that the renal vasculature develops in situ during development of the
embryonic kidney, the classical teaching is that the renal vessels develop by what mechanism?

They develop as branching vessels from the aorta.

(O Remnants of the mesonephric duct in females may be seen in the ovarian mesentery. What are these
structures called?

The epoophoron and the paroophoron.

(O What is the name given to the cystic remnants of the mesonephric duct in the anterolateral wall
of the vagina?

Gartner duct cysts.

(O The urorectal septum divides the cloaca into the posterior anorectal canal and what anterior structure?

The urogenital sinus.

(O To initiate gonadal development, specialized undifferentiated cells must migrate to the location of the
future genital ridge. What are these cells called and where do they migrate from?

They are primordial germ cells and migrate from the yolk sac.

(O What embryological process initiates the development of the prostate?

The outgrowth of solid epithelial cords from urogenital sinus epithelium into the surrounding mesenchyme.

(O Name the miillerian duct remnants that may persist in males.

The appendix testis and the prostatic utricle.
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What is the mesonephric duct remnant that may persist near the inferior pole of the testis?

The paradidymis.

What is the potential significance of finding an upper pole renal cyst on fetal sonography? What else should
the sonographer look for?

The upper pole renal cyst may represent a complete ureteral duplication with a ureterocele or upper pole ectopic
ureter. The sonographer should look for hydroureter and a ureterocele in the bladder.

Describe the appearance of Type 1 and Type 3 posterior urethral valves.

Type 1 valves are a pair of sail-like leaflets, and Type 3 valves look like an iris diaphragm in configuration.

Name 2 pressure pop-off mechanisms in fetuses with posterior urethral valves that vent pressure from the

bladder and may help prevent the development of renal dysplasia.

Two mechanisms are contralateral vesicoureteral reflux and a patent urachus.

‘What may be one consequence of oligohydramnios?

Pulmonary hypoplasia may be a consequence of oligohydramnios.

Explain the embryological basis for the finding of a bifid scrotum.

Failure of fusion of the labioscrotal folds may produce a bifid scrotum.

Explain the clinical significance of an atypical median presacral dimple.

An atypical presacral dimple may be a cutaneous manifestation of occult spinal dysraphism.

Describe the genetics and transmission of “infantile” polycystic kidney disease (ARPKD). Also describe the
pulmonary and liver diseases that may be associated with it.

ARPKD is transmitted as an auto recessive trait. This is a bilateral disease with a variable spectrum of severity.
Congenital hepatic fibrosis is associated with the renal disease. Pulmonary hypoplasia may be a consequence of
oligohydramnios in severe cases.

Explain why an ectopic ureter in females may be associated with incontinence, whereas in males, normal
continence is the rule.

In females, the ectopic ureter may insert into the lower urinary tract or the lower genital tract below the external
sphincter (distal to the bladder neck, in the urethra or vagina). In males, the ectopic ureter always inserts above the
external sphincter.

Describe the 3 main physical characteristics of the prune belly syndrome. What is the most important
pathological aspect of this syndrome in terms of prognosis?

The prune belly (triad) syndrome consists of 3 major physical findings: deficiency of the abdominal musculature,
anomalous urinary tract with dilated and tortuous ureters, and bilateral intra-abdominal testes. The degree of renal
dysplasia is the most important prognostic factor.
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A female infant is found to have unilateral renal agenesis. Ultrasound examination of the contralateral
kidney and bladder and pelvis are normal. What concern should lead the urologist to recommend
long-term monitoring of this child?

Females with unilateral renal agenesis have a significant incidence of ipsilateral miillerian anomalies, and may
present in early adolescence with a pelvic mass indicative of hydrometrocolpos due to any of a spectrum of uterine
or vaginal anomalies, commonly uterus didelphys with an obstructed uterine horn.

Ectopic and fused kidneys often have anomalous collecting systems. What is the orientation of the renal
pelvis in most anomalous kidneys?

The renal pelvis begins development in an anterior position and the kidneys rotate during ascent so that the pelves
come to lie in a medial position. Most kidneys that are anomalous in location display incomplete rotation. The
pelves are likely to be located in an anterior position.

A 1-month-old female has a duplex left kidney with hydroureteronephrosis of the lower pole segment,
which has a thin cortex. What is the most likely explanation for the hydronephrosis?

In a completely duplicated collecting system, the upper pole is most likely to be hydronephrotic because of
ureteral obstruction (ectopic ureter, ureterocele), while hydronephrosis of the lower pole system is most likely
caused by vesicoureteric reflux.

A 2-month-old male is found to have a right ureteral duplication with upper pole hydroureteronephrosis
and a cystic mass in the bladder. What is the first logical therapeutic intervention to consider?

The child’s most likely diagnosis is ureteral duplication with a ureterocele subtending the upper pole ureter. In
most cases, transurethral incision of the ureterocele is an appropriate first therapeutic intervention.

A 7-year-old boy is found to have a complete right ureteral duplication with hydroureteronephrosis of
the upper pole system during evaluation for nocturnal enuresis. Is this anomaly likely to be a cause of his
incontinence?

No. Ectopic ureters in males insert into the lower genitourinary tract above the external sphincter, including
insertion into the Wolffian duct system (vas, seminal vesicle).

An infant is found to have a right multicystic dysplastic kidney. What studies should be done to evaluate
the left kidney?

An ultrasound should be done to rule out hydronephrosis, and a voiding cystourethrogram should be performed
since there is greater than 30% incidence of contralateral vesicoureteric reflux.

An infant has drainage of clear fluid from the umbilicus. A small catheter is placed into the umbilical sinus
and contrast injected is seen to pass into the gastrointestinal tract. What is the diagnosis?

The child has persistence of the omphalomesenteric (vitelline) duct that connects with the terminal ileum at the
site at which a Meckel diverticulum would be found.

Early rupture of the cloacal membrane may result in a spectrum of urological anomalies. List them.

Cloacal exstrophy, exstrophy of the bladder, and epispadias.
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Horseshoe kidneys have an incidence of hydronephrosis that in some cases is caused by anomalous renal
vasculature. Why is the incidence of this type of ureteral obstruction so high?

Horseshoe kidneys take their vascular supply from a ladder of vessels that alternately appear and involute as the
kidneys ascend toward the flank. Persistence of such “anomalous” vessels may result in ureteral obstruction, most
commonly at the ureteropelvic junction (UP]) obstruction.

In cases of unilateral renal agenesis, is ipsilateral adrenal agenesis likely to occur?

No. Ipsilateral adrenal agenesis occurs in less than 10% of cases.

In crossed renal ectopia, are the kidneys more likely to be fused or nonfused?

Fused renal ectopia is more common.

In cross-fused renal ectopia, where does the ureter of the crossed kidney usually enter the bladder?

The ureter draining the ectopic kidney usually crosses the midline to enter the contralateral trigone.

Explain the Meyer—Weigert law in relation to ureteral duplication.

The law states that in complete ureteral duplication, the orifice to the lower pole ureter inserts into the bladder in
a more lateral and cranial position, while the ureter to the upper pole inserts in a more caudal and medial position.

A 14-year-old male is found to have right ureteral obstruction secondary to retrocaval ureter. What is the
embryologic explanation for this anomaly?

Retrocaval ureter is a result of persistence of (failure of involution of) the right subcardinal vein.

The fetal testis produces 2 hormones that are essential for the development of the internal genitalia. Name
these hormones and indicate what effect they have on the developing genital structures.

Testosterone supports the development of the Wolffian duct structures (seminal vesicles, vas, etc). Miillerian-
inhibiting substance acts ipsilaterally to suppress the development of the miillerian structures (fallopian tube,
uterus, and upper vagina).

A 1-month-old male is found to have a left flank mass. What are the 2 most likely diagnoses and what
would be your first imaging study in this case.

The most likely diagnoses are hydronephrosis and multicystic renal dysplasia. The primary imaging technique for
infants with abdominal masses should be ultrasound.

A female neonate has a midline pelvic abdominal mass and a bulging interlabial mass. What is the most
likely diagnosis?

The most likely diagnosis is hydrometrocolpos secondary to imperforate hymen.

A 12-year-old male presents with terminal hematuria and is found to have a polyp in his posterior urethra
arising from the verumontanum. What is the cause of this polyp and the most likely pathologic diagnosis?
Where else in the urinary tract are similar lesions occasionally found?

The polyp is most likely a benign fibroepitheliomatous polyp of congenital origin. Similar polyps may be found in
the ureter and renal pelvis.
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A 15-year-old male with dysuria is found to have a cystic lesion in the bulbous urethra. What is its most
likely embryologic origin?

This is most likely a Cowper duct cyst.

A 12-year-old boy with dysuria and bloody urethral spotting is found to have a small diverticulum on the
roof of the distal urethra in the fossa navicularis. What is the correct term for this diverticulum?

This lesion is known as a lacuna magna.

A 1-month-old female is found to have a cystic mass prolapsing through the urethral meatus, and ultrasound
of the abdomen shows hydronephrosis of the upper pole of the left kidney. What is the most likely diagnosis?

The mass is a prolapsed ureterocele, which subtends the upper ureter of a completely duplicated left collecting system.

A 3-year-old girl is found to have grade 3 left vesicoureteric reflux. What is the most likely anatomic location
of the left ureteral orifice as seen at cystoscopy, and what is the embryologic explanation for its position?

The ureter will likely be positioned in the bladder in a position lateral to the normal trigonal position. This is
thought to be the result of a ureteral bud arising from the mesonephric duct in a position more caudal than usual.
As a result, as the caudal mesonephric duct becomes absorbed into the trigonal structure, the ureteral orifice will
migrate into a dorsolateral position in the bladder base.

A 3-year-old boy is found to have a small, hydronephrotic left kidney and ureter. At cystoscopy, no left
ureteral orifice can be identified. Where does the ureter most likely insert?

The ureter most likely is inserted into the Wolffian system (seminal vesicle, vas). This anomaly represents failure of
the ureteral bud to separate from its Wolffian duct origin.

An infant being evaluated after urinary tract infection has an intravenous urogram performed. The study
shows small folds in the upper portion of the left ureter without significant hydronephrosis. What is the
nature and significance of these ureteral findings?

The IVP has demonstrated “fetal folds” in the upper ureter. These persistent fetal infoldings generally are
insignificant and disappear with time.

What is the embryologic explanation for bifid ureters?

Bifid ureters are thought to be the result of bifurcation of the ureteral bud during its ascent toward the renal
mesenchyme.

What is the most proximal extent of the ureteral bud in the renal collecting system?

The ureteral bud ascends to join the metanephric blastema and unite with the glomerular structures. The
collecting ducts of the kidney are the most proximal extent of the ureteral bud.

Explain the differences in embryogenesis between multicystic renal dysplasia and autosomal dominant
polycystic disease.

The cysts in multicystic renal dysplasia are a reflection of failure of normal organogenesis; immature renal
parenchyma and cystic dysplasia are found. In polycystic disease, the normal architecture of the nephron is
destroyed by the obstruction of the nephron and resulting cystic deformation.
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At what stage of fetal development does the kidney begin to produce urine?

At approximately 9 to 12 weeks.

Congenital spinal anomalies may be associated with what urinary tract anomaly?

Congenital spinal anomalies may be found in association with renal anomalies, in particular unilateral renal
agenesis.

Describe the syndrome in which urethral valves may be associated with unilateral renal dysplasia.

In the VURD syndrome (vesicoureteric reflux, renal dysplasia), a dysplastic kidney may be found to be associated
with massive unilateral vesicoureteric reflux.

What ureteral anomaly is found in conjunction with multicystic renal dysplasia?

Ureteral atresia.

Explain the anomalies found in the triad syndrome.

The triad, or prune belly syndrome is a constellation of abnormal abdominal musculature, intra-abdominal
undescended testes, and an abnormal (dysmorphic) urinary tract.

‘What embryologic explanations have been proposed to explain the prune belly syndrome?

The explanations offered have been primarily those of anomalous development of the mesenchyme and a transient
infravesical obstruction during early embryogenesis.

What is the state of the prostate in boys with prune belly syndrome?

The prostate is hypoplastic.

It is very difficult to pass a urethral catheter into the bladder of a boy with hypospadias. What is the likely

explanation for this?

The child most likely has an enlarged prostatic utricle.

A 1-year-old male has a nonpalpable right testis. At the time of exploration, the inguinal canal is empty.
Where should the surgeon look to be sure that the testis is absent?

The testis descends from a position above the internal inguinal ring. Testes above the ring are located in the
abdominal cavity if they are not congenitally absent. In most cases, a testis or blind-ending vas and vessels can be
found in the abdomen by laparoscopy or open exploration. Retroperitoneal dissection, as practiced in the past,
may allow the surgeon to miss an abdominal testis.

At the time of exploration, an undescended testis is found outside of the external inguinal ring. The cord
structures are long enough to reach the scrotum easily. Should the tunica vaginalis overlying the testis be
opened?

Yes. Since most undescended testes have a persistently patent processus vaginalis that does not close after the testis
descends into the inguinal canal. This processus should be ligated at the internal inguinal ring.
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At exploration for an undescended testis, a blind-ending vascular structure is noted in the inguinal canal. Is
exploration complete?

No. To be sure that a testis is not present, the vas deferens should be identified. The vas and vessels may, in a small
number of cases, be separate.

At the time of inguinal herniorrhaphy in a 2-year-old boy, a bright yellow circular nodule approximately
3 mm in diameter is noted in the inguinal canal attached to the cord structures. What does this represent?

This is an adrenal rest. No therapy is necessary. It represents the common precursor of the genitourinary ridge in
early development.

A 30-week-gestation neonate is noted to have bilateral canalicular testes. Is there any chance that descent
will occur after birth?

Yes. The incidence of cryptorchidism in premature infants is approximately 30%, while it is approximately 3% in
full-term neonates and less than 1% at 1 year of age.

In the classical literature of urology, what is the embryologic importance of epididymitis in a prepubescent male?

The worry is that the boy may have an ectopic ureter draining into the vas deferens or seminal vesicle. Renal
ultrasound examination is warranted in these cases.

Describe the anatomy of the exstrophic tissue seen in cloacal exstrophy.

The exstrophic tissue classically consists of a midline segment of hindgut, frequently with a prolapsed ileum and
one or more openings to at least one appendix. The bladder is split into 2 hemibladders by the hindgut. Widely
separated genital tubercles are seen as a hemiscrotum and hemipenis on each side, or a hemiclitoris on each side.
The anus is imperforate. Most children also have a myelomeningocele and an omphalocele.

Primary obstructive megaureter is most commonly caused by what anatomic entity?

Obstructive megaureter is thought in most cases to be due to an adynamic distal ureteral segment.

Vaginal atresia may be associated with anomalies of the urinary tract. What is the most commonly
recognized urinary tract anomaly seen?

Unilateral renal agenesis.

What is the embryologic origin of the vagina?

The upper portion of the vagina originates from the miillerian duct. The lower portion (distal to the hymen)
originates from the urogenital sinus.

The appendix testis is an embryologic remnant of what structure?

The miillerian duct.

A neonate with imperforate anus is seen to pass meconium per urethra. What is the most likely site of the
connection between the urinary and gastrointestinal tracts?

Embryologically, the most likely site of the fistula is the posterior urethra, although fistulization may occur at the

base of the bladder.
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List at least 3 mechanisms that have been proposed to explain why testicles descend from the abdomen into
the scrotum.

The first is the abdominal pressure theory, which proposes that intra-abdominal pressure forces the testis out of
the abdomen. The second is that the process is entirely controlled by hormonal influence. Another theory is that
the gubernaculum pulls the testis into the scrotum.

What is the embryologic origin of the appendix epididymis?
The Wolffian duct.

What is the embryologic explanation for uterus didelphys?

The miillerian ducts are paired structures that fuse distally to form the upper portion of the vagina and the uterus,
the cranial unfused portions forming the fallopian tubes. Failure of fusion may result in one of several anomalies of
the uterus, including uterus didelphys and bicornuate uterus.

Explain the embryologic cause of midshaft hypospadias.

Hypospadias is a result of incomplete formation of the urethra. If the urethral folds fail to fuse in the midline,
hypospadias may result.

In cloacal exstrophy, how can an anomaly such as hemiscrotum with hemiphallus come to exist?

If the cloacal membrane ruptures early, this acts as a wedge to keep the genital tubercles and genital folds
widely separate, so each component of the hemiscrotum and hemiphallus develops widely separate from its
contralateral mate.

At what stage in gestation is nephron formation completed?

Nephron formation is usually completed by approximately 36 weeks.

What is the embryologic explanation for communicating hydrocele?

The explanation is that the processus vaginalis fails to obliterate (persistence of a patent processus vaginalis).

Glomerular filtration rate (GFR) progressively increases during fetal development. At what postnatal age
does GFR reach its peak?

At approximately 4 months.

A male neonate is found to have bilateral hydroureteronephrosis, echogenic renal parenchyma, and bilateral
pneumothorax. What is the most likely diagnosis?

This child is likely to have urethral obstruction secondary to posterior urethral valves.

What is the mechanism of neonatal testicular torsion?

The mechanism of this type of torsion, that is, extravaginal torsion, is thought to be different from intravaginal
torsion seen in adolescents and adults. In extravaginal torsion, the entire spermatic cord and its coverings appear
to twist.
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In Potter syndrome (bilateral renal agenesis), are the adrenal glands usually absent?

No. The adrenals are usually normal.

What is the renal anatomic defect found in association with megacalycosis?

Underdevelopment of the renal medulla.

What is the likely location of a ureter that originates from a higher than normal site on the mesonephric
duce?

According to Mackie and Stephens, the ureter will come to lie more caudal and medial in the bladder than a
normal ureteral orifice.

What is the importance of the mesonephric kidney to normal embryonic development of the genitourinary
tract?

The mesonephric kidney never functions in the human, but the mesonephric (Wolffian) duct is key to the genital
ducts in the male and to the development of the ureteral bud, and thus the kidney.

Explain one theory for the development of ureteroceles.

Failure of normal perforation of Chawalla’s membrane, which separates the ureter from the bladder, is thought to
result in the formation of ureteroceles.

What are the anatomic correlates of the miillerian tubercle in both male and female?

The verumontanum and the hymen, respectively.

In patients with a thoracic kidney, is a diaphragmatic hernia necessarily present?

No.

What is a proposed etiology for the formation of calyceal diverticula?

It is proposed that failure of involution of third- and fourth-order branches of the ureteral bud may result in
formation of calyceal diverticula.

Infundibulopelvic stenosis may represent an embryologic midpoint between which 2 congenital renal
anomalies?

Ureteropelvic junction obstruction and multicystic renal dysplasia.

What is the embryologic origin of the seminal vesicle?
The Wolfhan duct.

What is the mechanism by which the cloaca becomes divided into the urogenital sinus and rectum?

The urorectal septum grows to meet the cloacal membrane, forming the perineal body as it fuses with the cloacal
membrane. This divides the cloacal membrane into an anterior urogenital membrane and a posterior anal
membrane.
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Which portions of the male urethra have their embryologic origin from the urogenital sinus?

The prostatic and membranous urethra.

As a horseshoe kidney ascends from the pelvis, which vessel may prevent its ascent into the flank?

The inferior mesenteric artery.

‘Which embryonic structure, extending from the bladder to the umbilicus, may remain patent and result in
urinary drainage?

The allantois.

For normal gonadal development, the primary germ cells must migrate from the wall of the yolk sac
to paired structures along the dorsal portion of the embryo between the dorsal mesentery and the
mesonephros. What are these paired structures that will develop into the primitive gonad?

They are the genital ridges.

There have been 2 general theories to explain the formation of the glanular urethra. Explain each theory.

The first is that the urethral folds, which fuse to form the pendulous urethra, fuse all the way to the glans. The
second theory holds that the pendulous urethra is formed in this manner, while a solid core of ectoderm burrows
into the glans to unite with the proximal urethra and then canalize.

Explain the embryologic origins of the labia minora and labia majora.

The labia minora are formed from the urethral folds, while the labia majora are derived from the genital swellings.

Explain the proposed etiology for exstrophy of the urinary bladder.

Exstrophy occurs when early rupture of the cloacal membrane causes failure of mesenchymal migration into
the area.

Explain the embryogenesis of vasoureteral fusion.

The ureter forms as a branch (ureteral bud) off of the Wolffian duct. In normal male embryogenesis, as the distal
Wolffian duct is assimilated into the trigone during bladder formation, the ureteral bud (ureter) and the Wolffian
duct (now the vas deferens) separate. Failure of this distal assimilation and separation may result in vasoureteral
fusion, or more precisely, a failure of separation of the 2 structures.

Define Potter syndrome. List its common etiologies and phenotypic (clinical) findings.

Potter syndrome is the result of oligohydramnios secondary to prenatal kidney disease and renal failure. Bilateral
renal agenesis is a common cause of the most severe and fatal form of this disease. Early rupture of membranes,
renal cystic disease, and posterior urethral valves are other causes. Pulmonary hypoplasia, sacral agenesis, and
various cardiovascular anomalies may also be present.

The common facial characteristics of the syndrome (Potter facies) include low-set ears, prominent inner canthal
folds, a flattened or blunted nose, a prominent depression between the lower lip and the chin. In addition, the
babies appear prematurely senile and often have bowed legs and clubbed feet. Most of these findings are thought
to be deformations resulting from the severe oligohydramnios.
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What anomalies of the male internal genital structures may be found in association with unilateral renal
agenesis?

Ipsilateral absence of the vas deferens and hypoplasia or cystic deformation of the seminal vesicle are found
most often.

Are congenital anomalies of the urinary tract more likely to occur on the right side or on the left side

of the body?

Left-sided anomalies predominate.

‘What other congenital anomalies may be found in patients with renal ectopia?

Genital anomalies are not uncommon: primarily uterine and vaginal anomalies in females and cryptorchidism,
hypospadias, or other urethral anomalies in males.

What is one proposed embryologic explanation for the development of megacalycosis?

A proposed mechanism is nonobstructive enlargement of the calyx caused by hypoplasia or malformation of

the renal papilla.

List some of the common histologic findings of renal dysplasia.

Distorted renal architecture with immature glomeruli, cartilage, and primitive ducts, lined with columnar
epithelium and surrounded by fibromuscular collars.

There are 2 predominant theories that aim to explain the development of renal dysplasia. List them.

The first theory is that dysplasia results from obstruction of the developing nephron. The second, or “bud” theory,
proposed by Mackie and Stephens, proposes that abnormal ureteral bud development causes the ureter to join the
metanephric blastema abnormally, such that abnormal renal parenchyma results.

What is an Ask-Upmark kidney, what is its clinical significance, and what other urological abnormality is it
often associated with?

An Ask-Upmark kidney is a small kidney with areas of segmental hypoplasia and sometimes dysplasia. Although
originally thought to be an embryologic error, there is concern that the histologic changes might be in part
because of renal scarring. Ask-Upmark kidneys can be a cause of severe hypertension. Most are associated with
vesicoureteric reflux.

What is the most common congenital anomaly of the contralateral kidney in a child with a congenital UPJ
obstruction?

The most common finding is another UP] obstruction.

List the components of the VATER syndrome.
They are Vertebral defects, imperforate Anus, Tracheoesophageal fistula, and Renal and Radial dysplasia.

What structures in male and female are formed from the genital swellings?

Male: the scrotum. Female: the labia majora.
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‘What anatomic structure often herniates into the groin in female inguinal hernia.

The ovary.

Which specific Y chromosome gene is felt to be responsible for male sex differentiation and where is it
located?

The SRY gene (also known as the testis determining factor), which is located on the short arm of the Y
chromosome, is felt to be the gene that initiates differentiation of the indifferent gonad into a testis.

At what stage of gestation does descent of the testis occur?

Descent of testis into the scrotum occurs in late gestation, usually between 30 and 40 weeks. Descent may not be
complete until after birth, especially in premature infants.

What is the percentage of boys with cryptorchidism at birth in full-term male infants?
Approximately 3%.

‘What urological finding is associated with cystic fibrosis?

Agenesis of the vas deferens is found in a high percentage of males with cystic fibrosis.

‘What urachal anomalies can you name other than patent urachus?

Anomalies that may be seen as urachal remnant variants include urachal cyst, urachal sinus, urachal diverticulum,
and alternating urachal sinus.

Briefly outline a proposed embryologic origin for a communicating hydrocele of the cord, and define how
this would differ from the origin of a communicating hydrocele.

A communicating hydrocele represents a persistence of the patent processus vaginalis, a tongue-like extension of
the peritoneum.

A communicating hydrocele of the cord requires a distal occlusion of the processus vaginalis, which must be
accompanied by a relative narrowing of the processus proximal to the occluded processus. The area between the
occlusion and the partial occlusion then traps peritoneal fluid to form a cystic dilation of the processus. Since the
proximal portion of the processus remains open, these cystic structures may change in size.

‘What is the abdominal wall structure from which the cremasteric muscle and fascia develop?

They develop from the internal oblique muscle.

Describe the embryologic mishap that would explain why most males with penopubic epispadias have
urinary incontinence.

Epispadias is at the most minimal end of the spectrum of the epispadias—exstrophy complex, with cloacal exstropy
being the most severe example. This complex results when the cloacal membrane ruptures prior to its closure
(before the mesoderm surrounding the membrane and the mesoderm of the genital swellings has grown to the
midline and closed the anterior abdominal wall). In penile epispadias, the only defect is the dorsal urethral closure,
while in penopubic epispadias with incontinence (the most common form), the bladder neck is not completely
formed and incontinence results.
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A 5-year-old male presented with a symptomatic left inguinal hernia. At exploration, a solid reddish nodule
is found in the cord adjacent to the testis. What might this represent?

This may be an accessory spleen. Accessory spleens are common and may be located in several areas. They may
be carried into the scrotum as the developing left testis descends, and may present as an isolated scrotal nodule
or multiple nodules, or as splenogonadal fusion, in which a very elongated spleen is attached like a long tongue
extending from the spleen into the inguinal canal.

How does vaginal atresia differ from vaginal agenesis?

Vaginal atresia involves only the distal vagina. The miillerian structures are not affected. The uterus, cervix, and
proximal vagina are all normal and intact.

Vaginal agenesis is the absence of a proximal vagina in a normal 46 XX female with normal hormones. A hymenal
fringe and a small distal vaginal pouch are usually present.

What is Mayer—Rokitansky—Kuster—Hauser (MRKH) syndrome?

Another name for vaginal agenesis.

What urological problems are most commonly associated with vaginal agenesis?

Unilateral renal agenesis or ectopia of one or both kidneys occurs in 74% of patients.

What is penile torsion and how is it treated?

Penile torsion is the term used to describe the rotation of the penis around the longitudinal axis. It is usually a
congenital condition, but it can occur after penile surgery. No treatment is necessary, but in rare cases a surgical
correction can be done by degloving and skin realignment. A Dartos flap can be used in severe cases.
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Describe the formation of trigone during development.

The common excretory ducts (the portion of the nephric ducts distal to the origin of ureteric buds) dilate and
become absorbed into the urogenital sinus. The right and left common excretory ducts fuse in the midline as a
triangular area, forming the primitive trigone.

How does the bladder appear in prune belly syndrome?

The bladder usually appears massively enlarged with a pseudodiverticulum at the urachus. The urachus is patent at
birth in 25% to 30% of children. Histologically, the bladder has an increased ratio of collagen to muscle fibers in
the absence of obstruction.

Why are indirect inguinal hernias frequent in exstrophy patients?

This phenomenon is attributed to a persistent processus vaginalis, large internal and external inguinal rings, and
the lack of obliquity of the inguinal canal.

What is the rate of occurrence of inguinal hernias in bladder exstrophy?

In a review of 181 children with bladder exstrophy, Connolly and coauthors (1995) reported inguinal hernias in
81.8% of boys and 10.5% of girls.

What is the primary anorectal defect in exstrophy?

The perineum is short and broad and the anus is situated directly behind the urogenital diaphragm; it is displaced
anteriorly and corresponds to the posterior limit of the triangular fascial defect.

What is the average corporal length defect in exstrophy patients?

It was found that the anterior corporal length of male patients with bladder exstrophy was almost 50% shorter
than that of normal controls.
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How does the exstrophy patient’s prostate compare with the normal age-matched control’s prostate?

The volume, weight, and maximum cross-sectional area of the prostate appear normal compared with published
control values. However, in exstrophy patients, the prostate does not extend circumferentially around the urethra,
and the urethra is anterior to the prostate in all patients.

What is the classic picture of a female exstrophy patient?

The vagina is shorter than normal, hardly greater than 6 cm in depth, but of normal caliber. The vaginal orifice
is frequently stenotic and displaced anteriorly; the clitoris is bifid, and the labia, mons pubis, and clitoris are
divergent. The uterus enters the vagina superiorly so that the cervix is in the anterior vaginal wall. The fallopian
tubes and ovaries are normal.

What is the incidence of reflux after surgical closure of the bladder in exstrophy patients?

Reflux in the closed exstrophic bladder occurs in 100% of cases, and subsequent surgery is usually required at
the time of bladder neck reconstruction. If excessive outlet resistance is gained at the time of either initial closure
or combined epispadias and bladder exstrophy closure, and if recurrent infections are a problem even with
suppressive antibiotics, ureteral reimplantation is required before bladder neck reconstruction.

What are the most significant changes in the management of bladder exstrophy over the past 2 decades?

Currently, bladder exstrophy is managed with (1) early bladder, posterior urethral, and abdominal wall closure,
usually with osteotomy; (2) early epispadias repair; and (3) reconstruction of a continent bladder neck and
reimplantation of the ureters when necessary. Most importantly, however, a definition of strict criteria for the
selection of patients suitable for this approach has been created.

‘What are the advantages incurred by osteotomy at the time of bladder closure?

Pelvic osteotomy performed at the time of initial closure confers several advantages, including easy approximation
of the symphysis with diminished tension on the abdominal wall closure and elimination of the need for fascial
flaps. In addition, it allows placement of the urethra deep within the pelvic ring, enhancing bladder outlet
resistance. Finally, it brings the large pelvic floor muscles near the midline, where they can support the bladder
neck and aid in eventual urinary control.

Why is the combined anterior osteotomy preferred to the classic posterior osteotomy?
Besides the ease of approximation, combined osteotomy was developed for 3 reasons:

1. Osteotomy is performed with the patient in the supine position, as is the urological repair, thereby avoiding the
need to turn the patient.

2. The anterior approach to this osteotomy allows placement of an external fixator device and intrafragmentary
pins under direct vision.

3. The cosmetic appearance of this osteotomy is superior to that resulting from the posterior iliac approach.

‘When can you remove the external fixation device after primary closure?

When good callus formation is seen on radiography, the fixation device and pins are removed with the patient
under light sedation.
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In cases of small bladder strip at birth, which is preferable: rapid closure or closure after a reasonable
waiting period?
Ideally, waiting for the bladder template to grow for 4 to 6 months in the child with a small bladder is not as risky

as submitting a small bladder template to closure in an inappropriate setting. This may result in dehiscence and
allows the fate of the bladder to be sealed at that point.

A young child presents with persistent urinary tract infections (UTI) and apparent high-grade reflux after
primary closure of the bladder. What is the proper management?

Proper management is to begin long-term antibiotic therapy to control the infections. It may also be necessary to
dilate the urethra or to begin intermittent catheterization.

When is combined closure of exstrophy and epispadias repair considered?

Combined closure of exstrophy and epispadias repair is considered in patients who have had closure surgery
delayed beyond the newborn period or in patients in whom the initial newborn closure fails.

What is the primary goal of bladder neck reconstruction procedures?

The primary goal of these procedures is urinary continence, which is defined as a 3-hour dry interval. If this is not
achieved within 2 years after bladder neck reconstruction, failure to achieve continence has resulted.

What are the key determinants of management in bladder exstrophy?

Size and quality of bladder template.

Extent of pubic diastasis and malleability of the pelvis.
Need for osteotomy.

Length and width of urethral plate.

Penile size.

Associated anomalies.

What is the innervation pattern of the corporal bodies and bladder in cloacal exstrophy patients?

Enervation to the duplicated corporal bodies arises from the sacral plexus, travels through the midline, perforates
the interior portion of the pelvic floor, and courses medially to the hemibladders.

What is the rate of occurrence of intestinal tract abnormalities in cloacal exstrophy?

Omphalocele was reported to occur between 88% and 100% of cases, with most studies reporting omphalocele in
more than 95% of cases.

What is the most common miillerian defect in cloacal exstrophy?

The most commonly reported miillerian anomaly is uterine duplication seen in 95% of patients.
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What procedures are performed in the one-stage repair of cloacal exstrophy?

Excision of omphalocele.

Separation of cecal plate from bladder halves.

Joining and closure of bladder halves followed by urethroplasty.
Bilateral anterior innominate and vertical iliac osteotomy.
Gonadectomy in males with un-reconstructible phallus.
Terminal ileostomy/colostomy.

Genital revision if needed.

What is the 2-stage repair of cloacal exstrophy?

First stage (newborn period)

Excision of omphalocele.
Separation of cecal plate from bladder halves.
Joining of bladder halves.

Gonadectomy in male with un-reconstructible phallus.

Terminal ileostomy/colostomy.
Second stage
¢ Closure of joined bladder halves and urethroplasty.

® Bilateral anterior innominate and vertical iliac osteotomy.
® Genital revision if needed.

‘What is the incidence of vesicoureteral reflux (VUR) in epispadias patients?

The ureterovesical junction is inherently deficient in complete epispadias, and the incidence of reflux has been
reported to be between 30% and 40%.

‘What are the primary objectives of repair of male epispadias?

The objectives of repair of penopubic epispadias include achievement of urinary continence with preservation of
the upper urinary tract and the reconstruction of cosmetically acceptable genitalia.

‘What is megacystis?

The term megacystis is often used to describe any condition leading to a distended fetal bladder in utero, without
referring to the cause of the dilation. Historically, congenital megacystis was thought to be caused by bladder neck
obstruction, leading to massive bilateral VUR and a thin bladder wall.

How sensitive is prenatal ultrasound in the diagnosis of posterior urethral valves?

Ultrasonography is sensitive in detecting fetal hydronephrosis, but the specific diagnosis of posterior urethral
valves is more difficult. Nonetheless, a thickened bladder and a dilated posterior urethra are suggestive of posterior
urethral valves.

‘What is the most important diagnostic study for posterior urethral valves?

Voiding cystourethrography (VCUG) remains the most important study in diagnosis of posterior urethral valves
because it defines the anatomy and gross function of the bladder, bladder neck, and urethra.



CHAPTER 6 Congenital Disorders of the Lower Urinary Tract 97

What is the gold standard treatment in the management of posterior urethral valves?

In general, endoscopic primary ablation is the preferred surgical procedure to treat posterior urethral
valves. Vesicostomy is reserved for very small infants if the endoscopic equipment is too large for safe
intervention.

What are the prognostic indicators of future renal function in patients with posterior urethral valves?

There are 4 basic predictors of renal function in patients with posterior urethral valves: ultrasound appearance,
serum chemistries, age at diagnosis, and presence of reflux.

How is nocturnal polyuria explained in patients with nocturnal enuresis?

Nocturnal polyuria can be either absolute, which is usually associated with a derangement of the circadian rhythm of
antidiuretic hormone secretion, or relative, mainly due to a reduced functional bladder capacity during sleep at night.

What is the definition of hypospadias?

Hypospadias, in boys, is defined as a group of 3 anomalies of the penis: (1) an abnormal ventral opening of
the urethral meatus that may be located anywhere from the ventral aspect of the glans penis to the perineum,
(2) an abnormal ventral curvature of the penis (chordee), and (3) an abnormal distribution of foreskin with a
“hood” present dorsally and deficient foreskin ventrally. The second and third characteristics are not present in
all cases.

What are the current theories explaining congenital penile curvature?

Currently, 3 major theories are proposed for the cause of penile curvature. These include (1) abnormal development
of the urethral plate; (2) abnormal, fibrotic mesenchymal tissue at the urethral meatus; and (3) corporal disproportion
or differential growth of normal dorsal corpora cavernosal tissue and abnormal corporal tissue ventrally.

During what gestational week does the foreskin develop?

At approximately the 20th week of gestation.

Higher maternal serum levels of man-made organochloro compounds (PCBs and similar chemicals) appear
to correlate with what congenital urological abnormalities in newborn children?

Undescended testes and hypospadias. The theory is that the chemical burden in the mother affects her endocrine
function.

What is the incidence of cryptorchidism in full-term male newborns?

Cryptorchidism affects 3% of full-term male newborns. Approximately 75% of cryptorchid testes will
spontaneously descend, usually by 3 months of age.

What is the risk for an undescended testis in a newborn male if a family member is already affected?

The risk is 3.6-fold overall, 6.9-fold if a brother is affected, and 4.6-fold if the father is affected.
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What is the risk of infertility in patients with cryptorchidism?

Although biopsy findings from children with unilateral cryptorchidism typically demonstrate reduced total germ
cell counts, paternity has been found to be significantly compromised in men with previous bilateral, but not
unilateral cryptorchidism.

Is there an increased risk of testicular malignancy with undescended testes?

There is an increased risk of testicular malignancy with undescended testes. The higher the position of the
undescended testes, the greater the risk of developing malignancy. Almost half the tumors that develop from
undescended testes occur in testes located abdominally, 6-fold higher than for inguinal testes.

What is the most common tumor that develops from a cryptorchid testis?

The most common tumor that develops from an undescended testis is a seminoma.

What role does radiologic testing have in the assessment of undescended testes?

Radiologic testing does not have a relevant role in the assessment of undescended testes and should not influence
surgical management.

Do bilateral nonpalpable testes warrant special assessment?

Bilateral nonpalpable testes warrant immediate assessment in the newborn period to determine the presence or
absence of testes and to rule out an intersex state.

When is the ideal time for surgical intervention for undescended testes?

Surgical intervention on an undescended testis should optimally be performed between 6 and 12 months of age.

What is the best management if a testicular nubbin is found?

Viable testicular elements will be present in up to 13% of testicular remnants/nubbins and should therefore be
removed.
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What are the features of Potter syndrome?

Compressed facies, low-set ears, and limb contractures.

What is the etiology of Potter syndrome?

Potter syndrome, or Potter sequence, is a series of changes that occur in a fetus secondary to extreme
oligohydramnios. This can be from an inability to produce urine such as renal agenesis, bilateral multicystic
renal dysplasia, or juvenile polycystic kidneys. Another reason for oligohydramnios is an impaired ability to
void such as posterior urethral valves.

What is the embryological basis and the characteristic findings of the Mayer—Rokitansky—Kiister—Hauser
(MRKH) syndrome and how does it usually present?

Miillerian agenesis, which leads to a congenital absence of the middle and upper third of the vagina with variable
uterine and fallopian tube defects. In approximately one-third of these cases, upper tract anomalies can also be
found. These include renal agenesis or hypoplasia, renal ectopia, pelvic kidney, and horseshoe kidney. Skeletal
abnormalities (usually vertebral) occur in 10% to 20%. There are 2 types of MRKH syndrome. Type A (typical)
has symmetric remnant miillerian muscular buds and normal fallopian tubes and Type B (atypical) is associated
with asymmetric buds and abnormal fallopian tubes. Although Type B has been deemed “atypical,” it is actually
more common than Type A. Renal and skeletal abnormalities occur only in Type B MRKH syndrome. The most
common presentation is primary amenorrhea.

Patients found to have a missing vas deferens during an infertility workup should be screened for what
abnormality and how?

Ipsilateral renal agenesis that can be confirmed on renal ultrasound.

What is the incidence of unilateral renal agenesis?

Approximately 1:1400 births.

99



100

Urology Board Review

What is the incidence of bilateral renal agenesis?

Approximately 1:4000 with a ratio of male to female of 2.5:1. This is a lethal condition associated with a number
of genetic syndromes.

‘What is the long-term prognosis for a baby born with a solitary kidney?

If there are no other associated anomalies, prognosis is good. However, contralateral reflux is found in one-third
of children with renal agenesis and is not uncommon in patients with multicystic dysplastic kidney. Patients with
solitary kidneys are at increased risk for developing proteinuria, hypertension, and renal insufficiency over the
course of his or her lifetime; however, the patient’s life expectancy is normal.

What is the most common additional urologic abnormality associated with a horseshoe kidney?

The incidence of horseshoe kidney is 1:400 to 1:1800 with a male predominance of 2:1. Up to 35% of patients
with a horseshoe kidney have evidence of significant ureteropelvic junction obstruction, more commonly on the left.
Patients with a horseshoe kidney are also at a greater risk of vesicoureteral reflux (VUR) with reported rates of 80%.

Is there an increased cancer risk with fused kidneys?

There is a 1.5-fold to 8-fold increased risk of Wilms tumor in these kidneys. It is unclear at this time if there is an
increased risk of adult urologic cancers in fused kidneys; however, some studies demonstrate an increased risk of
transitional cell carcinoma in these patients.

The cephalad migration of a horseshoe kidney is limited by what structure?

The inferior mesenteric artery.

What is the normal direction of rotation of the human kidney as it ascends out of the pelvis?

The kidney normally rotates 90° ventromedially during ascent. Therefore, the renal pelvis, which was originally
directed anteriorly, becomes directed medially.

True/False: Most crossed ectopic kidneys are fused with their mate.

True. Approximately 90% of crossed ectopic kidneys are fused with a normally placed mate.

What is the incidence of antenatal hydronephrosis?

In the United States, more than 600,000 fetal ultrasounds are performed. Of these, 0.2% to 2% will detect
antenatal hydronephrosis. Postnatal ultrasound demonstrates that 66% to 75% persist after birth.

‘What is the most common cause of hydronephrosis in the fetal kidney?

Ureteropelvic junction obstructions are the etiology of 60% to 80% of cases of persistent fetal hydronephrosis.
VUR is responsible for 25% to 35% of postnatal hydronephrosis.

True/False: Most cases of prenatally diagnosed ureteropelvic junction obstruction require urgent surgical
intervention following delivery.

False. Debate continues surrounding the management of prenatally diagnosed ureteropelvic junction obstructions.
Most often surgery is not necessary or can be performed on an elective basis after an appropriate evaluation and
period of observation.
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In what percent of patients with ureteropelvic junction obstruction does the contralateral kidney
demonstrate evidence of ureteropelvic junction obstruction?

In patients found to have ureteropelvic junction obstruction, evidence for bilateral obstruction exists in 10% to
40% of cases.

In what percent of patients with ureteropelvic junction obstruction does vesicoureteral reflux coexist?

Vesicoureteral reflux coexists in 15% of cases.

What is the most common type of renal cystic disease?

Multicystic dysplastic kidney disease. Incidence is 1:3000 to 1:5000 of live births.

A child is discovered to have a multicystic dysplastic kidney. This patient’s contralateral kidney should be
screened for what abnormalities?

The contralateral collecting system should been screened for VUR, which is present in 18% to 43% of cases,
and for ureteropelvic junction obstruction, which has been demonstrated in 3% to 12% of cases. Duplex system,
agenesis, or ectopia can also been seen in the contralateral kidney.

What is the average amount of renal parenchyma drained by the upper pole of a duplicated collecting system?

About one-third of total renal parenchyma is drained by the upper pole of a duplicated collecting system.

A ureteric bud arising on the mesonephric duct in an abnormally low position predisposes to what

abnormality?

The ureteric bud will arrive early at the urogenital sinus causing the ureteral orifice to ultimately reside in a more
cranial and lateral position within the bladder and be predisposed to VUR.

What can happen if the ureteral bud originates significantly higher than normal on the mesonephric duct?

The ureter may not incorporate into the bladder and instead open into the urethra or other mesonephric
remnants. In the male, an ectopic ureter can end in the epididymis, vas, or seminal vesicle. Because the ectopic
ureter always ends above the external urinary sphincter in a male, incontinence is typically not an issue. In a
female, an ectopic ureter can end anywhere along the Gartner duct and secondarily rupture into the vagina.

The upper pole ureter of a duplicated collecting system is predisposed to what abnormality?

Obstruction with subsequent hydronephrosis. The lower pole ureter is predisposed to VUR because of its lateral
insertion and shortened submucosal tunnel.

What is the Meyer—Weigert rule?

In a complete ureteral duplication, the ureter that inserts more caudal and medial is the upper pole ureter.

True/False: Ectopic ureteral orifices in female patients are often associated with duplicated collecting
systems.

True. More than 80% of ectopic ureters in female patients are associated with duplicated collecting systems. If the
patient has an ectopic ureter and a duplicated collecting system, the ectopic ureter drains the upper pole.
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Do male patients with ectopic ureteral orifices tend to have duplicated collecting systems?

No. Ectopic ureteral orifices in male patients drain single collecting systems in the majority of cases.

A boy with a duplicated collecting system is found to have an ectopic ureter. Where will the terminal
portion of the ectopic ureter most likely be found?

Ectopic ureters in males terminate in the posterior urethra in approximately 50% of cases and the seminal vesicles
in about 30% of cases. In males, the ectopic ureter terminates proximal to the external urinary sphincter, therefore,
incontinence is typically not an issue with these patients.

True/False: In a girl with continuous urinary incontinence found to have an ectopic ureter, the ectopic
ureteral orifice will most likely be found within the vagina.

False. The ectopic ureteral orifice will most often be found within the urethra or at the vestibule.

What is Chawalla membrane?

Chawalla membrane is a 2-cell layer ureteral membrane that transiently divides the ureteral bud from the
urogenital sinus at approximately 37 days gestation. Incomplete dissolution of this membrane is believed to be the
etiology of ureterocele formation.

Ureteroceles tend to occur in patients of what race and sex?

Ureteroceles are significantly more common in Caucasians and occur 4 to 7 times more frequently in females than
in males. Studies have shown left-side predominance and 10% are bilateral.

What is a pseudoureterocele?

A radiographic finding in which the distal end of a dilated ectopic ureter coursing behind the bladder elevates the
trigone giving the appearance of an ureterocele.

What is the most common cause of urethral obstruction in a young girl?

A prolapsing ureterocele.

What is the length-to-diameter ratio in a normal nonrefluxing pediatric ureter?

5:1.

What is the embryology of a circumcaval ureter or preureteral vena cava?

Circumcaval (or retrocaval) ureter occurs secondary to abnormal embryology of the inferior vena cava (IVC), not
the ureter. The IVC develops from a plexus of fetal veins. Normally, the IVC forms from the right supracardinal
vein as the right subcardinal atrophies. If the right subcardinal vein fails to atrophy and becomes the IVC, a
segment of ureter becomes trapped behind the vena cava. Circumcaval ureter usually occurs on the right; but if it
occurs on the left, it is usually associated with duplicated IVC or partial/complete situs inversus.

What is the most common etiology of drug-induced renal calculi in children?

Secondar h ercalciuria as a side CH:CCIT Of 101’1 -term use Of furosemide, IUCOCOI‘tiCOidS, or thCO h lline in
y hyp 8 g Y
premature infants.
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What is a pseudotumor of the kidney?

A hypertrophied column of Bertin that may be sufficiently large to compress and deform the adjacent collecting
system.

What is the usual clinical course of classic congenital mesoblastic nephroma?

Classic congenital mesoblastic nephroma is a benign tumor and treatment is limited to surgical excision. It
typically presents as an asymptomatic palpable abdominal mass, but may also present with hypercalcemia or
hematuria.

What is a nephrogenic rest?

A nephrogenic rest is an abnormal focus of embryonal cells within a developmentally normal kidney. Although
these cells can be a precursor to Wilms tumor, the majority of nephrogenic rests involute and do not result in
tumor formation. They can also mimic Wilms tumor radiographically and histologically in small biopsies or
frozen sections.

‘What hepatic abnormality is associated with autosomal recessive polycystic kidney disease?

Congenital hepatic fibrosis.

What are the prenatal ultrasound characteristics of autosomal recessive polycystic kidney disease?

As a result of the enormous number of interfaces created by the tightly compacted, dilated collecting ducts, the
kidneys appear large and homogeneously hyperechogenic with loss of corticomedullary differentiation.

‘What neurological, gastrointestinal, and cardiac anomalies are associated with autosomal dominant
polycystic kidney disease?

Circle of Willis and Berry aneurysms, colonic diverticula, aortic aneurysms, and mitral valve prolapse.

Juvenile nephronophthisis and medullary cystic disease are transmitted by what modes of inheritance?

Juvenile nephronophthisis is an autosomal recessive disease characterized by renal cysts and fibrosis and is thought
to occur from a mutation in 1 of at least 8 genes in the nephrocystin family. Medullary cystic kidney disease is
transmitted as an autosomal dominant trait characterized by tubulointerstitial fibrosis and renal cysts.

What are the characteristics of Alport syndrome?

Hereditary nephritis, high frequency hearing loss, ocular abnormalities, microhematuria, and proteinuria.

What is sirenomelia and what renal defect is associated with it?

It is a rare congenital syndrome in which the lower extremities are fused together. It occurs in approximately 1
in 60,000 to 100,000 births and is almost always fatal due to the associated renal agenesis. If kidney function is
preserved, survival is possible but extremely rare.

Is ureteropelvic junction (UP]) obstruction in children more common in boys or girls?

Boys, by a ratio of about 2:1.
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In children with UPJ, which side is involved more often or is it a tie?

It is more commonly found on the left than the right with 60% found on the left. Some series have documented
that bilateral obstruction occurs in 10% to 40% of cases of UP]J obstruction.

What is Fraley syndrome?

Fraley originally described this syndrome in 1966 as a condition where an aberrant crossing vessel causes clinical
obstruction and hydronephrosis of the upper pole infundibulum resulting in significant renal pain and/or
hematuria. Stones, pain, infection, and hematuria are commonly associated with the syndrome. It requires surgical
repair only if symptomatic.

What is Dietl crisis?

Symptoms of acute bilateral flank pain, nausea, and vomiting after an acute increase in urinary output. It is caused
by a secondary obstruction of the UPJ] when the renal pelvis cannot tolerate the increased output and “kinking” at
the UPJ occurs.

Describe the process of normal renal formation and the defect that may cause the agenesis of a kidney?

An orderly branching ureteral bud is required for complete formation of the adult kidney. At the end of the

4th week of gestation, the ureteral bud arises from the mesonephric (wolffian) duct. A normal metanephric
blastema needs to be present to induce the ureteral bud to branch into major and minor calyces. Agenesis of the
kidney results when the ureteral bud fails to develop or the nephrogenic ridge is absent.

In a patient with a normal left kidney and a right pelvic kidney, what is the location of both adrenal glands?

The adrenal glands are both normally positioned.

‘What are the 6 potential locations of an ectopic kidney?

Pelvic (below aortic bifurcation), iliac (between L2 and the iliac crest), abdominal, thoracic (rarest 1:16,000),
contralateral, or crossed (1:7000).

In a horseshoe kidney, are the calyces normal in number and orientation?

The calyces are normal in number, but have an atypical orientation. Since the kidney does not rotate, the calyces
are oriented posteriorly and the pelvic axis stays in the obliquely lateral or vertical plane.

Identify 3 specific causes of significant hydronephrosis caused by UP]J obstruction in patients with a
horseshoe kidney?

The obstruction results from one or more of the following:
1. High insertion of the ureter into the renal pelvis.
2. Aberrant course over the isthmus impairing drainage.

3. Anomalous blood supply/crossing vessel.

‘What is a calyceal diverticulum?

A transitional epithelium-lined cystic cavity located within the renal parenchyma and connected to an adjacent
minor calyx by a narrow channel or infundibulum.
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In a patient with a complete ureteral duplication with a refluxing lower pole moiety and a normal upper
pole moiety who is undergoing ureteral reimplantation, should the ureters be reimplanted separately or
together?

Near the UV], the 2 ureters share a common adventitial blood supply that runs longitudinally between the
2 ureters. Both ureters should be reimplanted together in a common sheath reimplantation to avoid compromise
to the vasculature.

In a female, what anomalies may result from incomplete or altered miillerian development caused by
mesonephric duct maldevelopment?

Complete absence of the ipsilateral horn and the fallopian tube with a unicornuate uterus is the most common
anomaly. A bicornate uterus with incomplete development of the horn on the affected side can also occur. When
there is partial or complete fusion of the miillerian ducts in the midline, a didelphic or septated uterus with a
solitary or duplex cervix may result.

What test should be ordered if, during a physical examination, the vas deferens or body and tail of the
epididymis are missing? What disorder would be suspected?

An abdominal ultrasound to evaluate for unilateral renal agenesis.

When does the kidney reach its adult location?

The kidney reaches its adult location by the end of the 8th week of gestation.

In crossed fused ectopia, how are the 2 renal units joined?

The inferior aspect of the normal kidney is usually attached to the superior pole of the ectopic kidney. Eighty-five
percent of crossed ectopic kidneys are fused. The left kidney is 3 times more likely to cross to the right.

In fusion anomalies, how do the ureters insert into the bladder?

The ureter from each kidney is usually orthotopic.

The miillerian ducts stop developing at approximately what age of gestational development?

The miillerian ducts regression begins around 8 weeks of gestation and they are almost completely absent at
10 weeks.

Medullary sponge kidney (MSK) has been associated with what urological problems?

Recurrent urinary tract infections (UT]Is), renal leak-type hypercalciuria, hypocitraturia, hematuria, and
nephrolithiasis.

What renal pelvis pressure reading suggests obstruction when performing a Whitaker test?

Intrapelvic pressure <15 cm H,O indicates efficient flow, >20 cm H, indicates obstruction, and between 15 and
20 cm H,O is equivical.

What is the most common congenital urinary malformation?

Ureteral duplication (1:125).
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True/False: Symphysiotomy (division of the isthmus) is routinely recommended after pyeloplasty in
patients with horseshoe kidney.

False. Due to the abnormal vasculature, the kidneys tend to resume their previous position, so a symphysiotomy is
no longer recommended. It also increases the risk of bleeding, fistula formation, and renal infarction.

‘What syndromes are associated with horseshoe kidney?

Turner syndrome (7% incidence) and Trisomy 18 (20% incidence).

Compared to normal kidneys, horseshoe kidneys have a higher incidence of what urologic problems?

Hydronephrosis, UP] obstruction, stones, urinary tract infections, and tumors.

What tumor is associated with horseshoe kidney?

There is a 1.5- to 8-fold increase in Wilms tumor occurrence. Recent studies have shown that although it was
previously believed there was an increase in the rate of renal cell carcinoma, transitional cell carcinoma, and
oncocytoma in horseshoe kidneys, this is probably not true.
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What are alternate, perhaps less stigmatizing, names for prune-belly syndrome?

Prune-belly vividly describes the clinical appearance of most patients with the syndrome. However, many clinicians
consider the negative connotations to be stigmatizing and socially undesirable. Thus, several alternatives have been
proposed. Eagle—Barrett syndrome recognizes one of the original descriptions of a series of 9 patients in 1950.
Abdominal wall deficiency syndrome is a descriptive nomenclature. Triad syndrome emphasizes the 3 components
of the classic syndrome. Nonetheless, prune-belly syndrome remains the common terminology, in part because of
its intensely descriptive nature.

What are 3 classic features that characterize prune-belly syndrome?

Triad syndrome refers to the following 3 specific features of prune-belly syndrome:
1. Urinary tract dilation, specifically megaureter.

2. Abdominal wall deficiency.

3. Cryptorchidism.

The defective abdominal musculature gives the typical appearance of a wrinkled prune, with laxity of the anterior
abdominal wall. The testes are both nonpalpable. The urinary tract dilation includes tortuous, dilated ureters, as
well as varying degrees of an enlarged smooth-walled bladder and dilated prostatic urethra.

What is the approximate incidence of prune-belly syndrome?

The true incidence is not well known. The estimated incidence is similar to that of bladder exstrophy. The
reported range is 1 per 29,000 to 40,000 live births. With increasing prenatal diagnosis and termination, the
incidence has been decreasing. The classic triad syndrome only occurs in males. However, variations that include
2 of the 3 features can occur in males and females. The incidence is uncertain for patients with incomplete prune-
belly syndrome, but probably is one-fourth as common as the classic syndrome. Furthermore, approximately

15% of patients with incomplete prune-belly syndrome were females. More common in twins, African Americans,
and kids born to younger mothers.
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What is the incidence of prune-belly syndrome in females?

Of all prune-belly syndrome cases, 3% to 5% occur in females.

‘What is the most common genetic karyotype in patients with prune-belly syndrome?

Normal. However, several genetic defects are associated with prune-belly syndrome. These include Turner
syndrome, Monosomy 16, Patau syndrome (trisomy 13), Edward syndrome (trisomy 18), and Beckwith—
Wiedemann syndrome.

To what does pseudo-prune-belly syndrome refer?

Incomplete prune-belly syndrome refers to patients with 2 of the 3 classic findings of the triad. For females, this
would include the dilation of the urinary tract and lax abdominal wall musculature, but not the undescended
testes. Pseudo-prune-belly syndrome refers to those males with ureteral dilation and undescended testes, but
normal abdominal wall. Fifty percent will go on to renal failure often due to delay in diagnosis.

What percent of patients will have atypical presentation of prune-belly syndrome?

An incomplete form of prune-belly syndrome is present in as many as 25% of patients. Most will have the typical
urinary tract finding of dilated ureters, but will have either normal abdominal wall musculature (pseudo-prune-
belly syndrome) or descended testes. Females with incomplete prune-belly syndrome are even less common,
affecting less than 5% of patients with the syndrome. In females, the urinary tract dilation may be less severe.

How does prune-belly syndrome present in females?

Prune-belly syndrome is uncommon in females and makes up just 5% of all prune belly syndrome patients.
Females don’t have gonadal anomalies. They have abdominal wall and genitourinary tract anomalies only.

Forty percent have anorectal anomalies and bladder outlet obstruction is common. Forty percent of females with
prune-belly syndrome die during the neonatal period.

‘What are some proposed embryologic etiologies of prune-belly syndrome?

There are several theories explaining the embryogenesis of prune-belly syndrome. Each theory has both
supporting experimental and empiric evidence, but none been proven. These theories are not mutually exclusive.

Urinary tract obstruction may result from a transient urethral membrane at a critical phase of development.
Abdominal wall laxity then results from outward compression from the dilated urinary tract. The migration of the
testicles is blocked by the enlarged bladder. Primary prostatic maldevelopment with hypoplasia of the prostatic
urethra is another possible cause of urinary tract obstruction. A final postulated cause is felt to be due to transient
obstruction at the glanular and penile urethral junction. In any case, fetal urinary ascites may or may not occur.

Primary mesodermal maldevelopment may also explain prune-belly syndrome. Failure of myoblast precursors to
differentiate and/or migrate appropriately may explain the abnormal development of the abdominal wall. The
laxity of the abdominal wall may then be the primary event. The decreased intra-abdominal pressures then result
in urinary tract dilation and undescended testicles. However, if the developmental defect occurs early enough (3rd
week of gestation), then all of the abnormalities may be explained by a common event in the mesenchymal tissues.

Persistence of the yolk sac has been implicated in the abdominal wall abnormalities resulting in redundant tissues. The
allantoic diverticulum becomes overdeveloped and becomes incorporated into the urinary tract as redundant tissues.

Which is the prevailing theory?

Mesodermal arrest. This is thought to occur between the 6th and the 10th gestational week although it could
occur as early as 3 weeks gestation.



CHAPTER 8 Prune-Belly Syndrome 109

Histopathology of the abdominal wall muscles is suggestive of what type of etiology: developmental arrest
or muscular atrophy?

Developmental arrest. The lack of aponeurotic layers supports this etiology.

What are the 3 categories of prune-belly syndrome?

Category I has marked oligohydramnios secondary to dysplasia or severe bladder outlet obstruction, pulmonary
hypoplasia, and Potter features. Prognosis is very poor in this group as most are either stillborn or die within the
first few days of life. Little intervention is warranted in this group. A common intervention for this category is
catheter drainage. This consists of 20% of the cases.

Category II shows minimal or unilateral renal dysplasia, full triad features without pulmonary hypoplasia. The
course tends to be variable from stabilized renal function to progressive azotemia. This would include patients
with urethral atresia and a patent urachus. The goal of treatment in this group is to stabilize renal function. The
treatment in this category has the most controversies. This consists of 40% of the cases.

Category III consists of patients with mild or incomplete forms of prune-belly syndrome. There is no renal
dysplasia or pulmonary insufficiency seen. There is stable renal function. Invasive treatment is necessary in those
patients with recurrent infections. This consists of the remaining 40% of the cases.

Fetal ascites may be transient in prune-belly cases. Why?

It is reabsorbed, usually before birth.

What is the role of prenatal diagnosis with fetal ultrasound in prune-belly syndrome?

In general, prenatal diagnosis of prune-belly syndrome has not been reliable. There are high false-positive and
false-negative rates of prenatal diagnosis. The typical intrauterine appearance of prune-belly syndrome is bilateral
hydronephrosis with an enlarged noncycling bladder. Earlier fetal ascites and oligohydramnios may also be
suggestive of prune-belly syndrome. However, the differential diagnosis of these findings includes posterior
urethral valves, vesicoureteral reflux, bilateral ureteropelvic junction obstruction, neurogenic bladder, and
megacystitis/megalourethra syndromes.

‘When are most cases of prune-belly syndrome diagnosed?

During the 2nd trimester.

What are the antenatal findings of prune-belly syndrome?

Bilateral hydronephrosis and hydroureter, distended thin-walled bladder, and oligohydramnios. Oligohydramnios
implies renal dysfunction, which leads to pulmonary hypoplasia.

What is the differential diagnosis of antenatal ultrasound findings consistent with prune-belly syndrome?

Posterior urethral valves and megacystitis microcolon intestinal hypoperistalsis syndrome.

What genetic defects have been associated with prune-belly syndrome?

Chromosome 17q12 deletion has been associated with prune-belly syndrome. This is the gene for HNF1{, which
is a transcription factor regulating mesodermal and endodermal development. However, this has been associated
in only a few cases. Moreover, functionally significant HNF1f mutations have been found recently to be quite
uncommon in prune-belly syndrome patients (Granberg et al., 2012).
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Late presentations of prune-belly syndrome are typified by what characteristics?

Although the typical appearance of the abdomen in neonates with prune-belly syndrome usually leads to prompt
diagnosis, some children present at a later age. These children often have less severe forms of the syndrome.
These children may present with difficulty sitting from a supine position as a result of weaker abdominal muscles.
Walking may be delayed due to difficulty with standing and balance. Older children will have a characteristic
potbelly with loss of wrinkling of the skin due to stretching of the abdominal viscera.

‘What diagnostic evaluation in patients with prune-belly syndrome should be avoided?

A voiding cystourethrogram (VCUG) should be avoided in the early prenatal period. Instrumentation of the
urinary tract puts the patient at increased risk of infection and sepsis. The diagnosis should be suspected based on
physical examination findings. The dilated bladder and ureters are often palpable due to the lax abdominal wall.
Although used previously to confirm diagnosis, intravenous pyelogram does not image the urinary tract well due
to poor concentrating ability of neonatal kidneys and dilution of contrast in the dilated urinary tract. Abdominal
ultrasound can be useful in assessing the degree of urinary tract dilation. Serial assessment of serum electrolytes,
renal function, and urine culture are important diagnostic tests. A renal scan is necessary when renal function
stabilizes to evaluate renal function and drainage.

Some experts, however, recommend an early VCUG despite the risks because it is the best way to identify reflux
and urethral stenosis. Bladder size can be determined as well as the presence of any urachal remnants.

‘What is the most common nongenitourinary anomaly in patients with prune-belly syndrome?

Thoracic cage malformations, including pectus excavatum and pectus carinatum, occur in more than 75% of
patients with prune-belly syndrome. The chest wall malformations are likely due to the restrictive effects of
oligohydramnios. In the most severe form, pulmonary hypoplasia can occur with associated pneumothorax,
pneumomediastinum, and high neonatal mortality rate. Most patients, however, have only mild pulmonary
dysfunction, often only evident on formal pulmonary function testing. Patients with prune-belly syndrome will
have a less forceful cough due to weaker abdominal musculature placing them at increased risk for postoperative
respiratory distress, pneumonia, and bronchitis. Other common anomalies include cardiac (10%), gastrointestinal
(30%), and orthopedic deformities (50%).

What is the most common anomaly of the musculoskeletal system in patients with prune-belly
syndrome?

Skin dimples on the knee or elbow are the most common abnormality of the musculoskeletal system, excluding
the typical abdominal wall defects. The skin dimples occur in 45% of patients. More severe anomalies include
varus deformity of the feet (club foot), which occurs in 25% of patients, congential hip dislocation (5%), spinal
dysmorphism (5%), and rarely severe lower extremity hypoplasia. Skin dimples are likely a result of compression
from oligohydramnios. Other etiologies have been proposed: ischemia from compressed iliac vessels or a common
defect in mesenchymal development at 3 weeks gestation.

Cardiac abnormalities occur in 10% of patients with prune-belly syndrome. The most common cardiac
abnormalities in prune-belly syndrome are patent ductus arteriosus, ventricular septal defect, atrial septal defect,
and tetralogy of Fallot.

Malrotation of the midgut occurs more frequently in patients with severe prune-belly syndrome. Other
gastrointestinal anomalies, including gastroschisis, omphalocele, anorectal anomalies, and Hirschsprung have
been described in patients with prune-belly syndrome. Chronic constipation and acquired megacolon can be an
issue.
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In addition to the classic triad of findings, what are the common anomalies of the urinary system in prune-

belly syndrome?

The penile urethra is usually normal, although a megalourethra is associated with prune-belly syndrome. The prostatic
urethra is hypoplastic in most patients with prune-belly syndrome. The bladder neck is wide open and tapers to the
normal membranous urethra. The prostatic urethra appears dilated as a result of the prostatic hypoplasia. The prostatic
utricle and ejaculatory ducts are dilated. The bladder is enlarged, but usually does not have trabeculation. The patent
urachus may persist, especially if there is urethral atresia. The ureters are involved with the proximal ureters typically
being less dilated. The kidneys are afflicted by varying degrees of hydronephrosis and renal dysplasia.

What is the likelihood of renal failure among patients with prune-belly syndrome?

One-third or 20% to 30% of patients will progress to renal failure.

What causes renal failure in patients with prune-belly syndrome?

Renal failure in patients with prune-belly syndrome results from the reflux of infected urine and subsequent
pyelonephritis. High-grade obstruction or high-pressure reflux may result in severe renal dysplasia at birth, as
seen in some neonatal autopsy studies. However, most patients with prune-belly syndrome have low-pressure
vesicoureteral reflux. As long as the urine remains sterile, the risk of renal failure appears to be low, despite the
high incidence of reflux and dilation of the upper tract.

What is the role of renal transplantation in patients with prune-belly syndrome?

Renal transplantation in patients with prune-belly syndrome is as successful as transplantation for other indications
in children. Special attention must be directed toward management of the urinary tract prior to transplantation.
Adequate bladder emptying with clean intermittent catheterization is often necessary and is preferable to urinary
diversion. Acute graft torsion due to abdominal wall laxity is a unique problem to the prune-belly population.

How common is vesicoureteral reflux in patients with prune-belly syndrome?

Vesicoureteral reflux occurs in as many as 85% of the patients with prune-belly syndrome. The reflux tends to be
low pressure. Most children with prune-belly syndrome do not outgrow this reflux. Nonetheless, surgery to correct
the reflux is usually reserved for those patients with recurrent pyelonephritis, whose reflux is refractory to more
conservative therapies such as vesicostomy. Ureteroneocystostomy is associated with a high risk of ureterovesical
junction obstruction and recurrence of reflux in patients with prune-belly syndrome.

‘What are the typical characteristics of the kidney in patients with prune-belly syndrome?

Fifty percent of patients with prune-belly syndrome will have dysplastic kidneys. Dysplasia shows either Potter
type 2 or 4. Type 2 is more indicative of mesenchymal defect, whereas type 4 is related to obstruction. The renal
pelvis is often dilated. The degree of dilation is not proportional to the degree of dysplasia. Renal infection, not
the degree of obstruction or reflux, poses the greatest risk.

What are the typical characteristics of the ureters in patients with prune-belly syndrome?

The ureters in patients with prune-belly syndrome are dilated in 80% of the cases. The proximal ureters tend to
be spared with increased dilation and tortuosity in the distal segments. The ureters may have decreased smooth
muscle and an altered collagen matrix, which leads to a loss of luminal coaptation and ineffective peristalsis. The
proximal ureters are more suitable for reimplantation when indicated because of improved proximal peristalsis.
The distal ureters have poor blood supply and show smooth muscle deficiency with fibrous degeneration.
Vesicoureteral reflux is present in up to 85%. Ureteropelvic junction obstruction can also occur, but the biggest
risk to the kidney is infection and not obstruction.
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What are the typical characteristics of the bladder in patients with prune-belly syndrome?

The bladder in patients with prune-belly syndrome is massively enlarged, but smooth-walled with minimal
trabeculation or diverticula. There is an increased ratio of collagen to muscle fibers in the bladder. Dilation of
the urachus may result in pseudodiverticulum at the dome of the bladder. The intertrigonal ridge is wide with
lateral and superiorly placed ureteral orifices. The bladder neck is open and funnels into the prostatic urethra
giving the appearance of an hourglass on VCUG.

What are the urethral abnormalities associated with prune-belly syndrome?

Dilation of the posterior urethra is seen in patients with prune-belly syndrome that is secondary to
prostatic hypoplasia. This prostatic hypoplasia leads to ejaculatory failure and retrograde ejaculation is
very common.

Urethral atresia is also associated with prune-belly syndrome. A patent urachus must be present in order for
survival. Prune-belly syndrome is also associated with a megalourethra. There are 2 types of megalourethra.

A fusiform deformity consists of a deficiency of both the corpus spongiosum and cavernosum. When the patient
voids, the entire phallus dilates. A scaphoid deformity is a deficiency of only the corpus spongiosum with
preservation of the glans and corpus cavernosum. The ventral urethra is seen to dilate with voiding.

Are posterior valves associated with prune-belly syndrome?

Occasionally.

‘What is the significance of a patent urachus in prune-belly syndrome?

A patent urachus is present in 25% to 30% of patients with prune-belly syndrome. It is frequently found in the
setting of urethral obstruction. Early deaths do occur when patients with urethral obstruction do not have a patent
urachus so it may allow for survival in some patients.

What does cystometrogram evaluation in patients with prune-belly syndrome typically demonstrate?

Bladder function in patients with prune-belly syndrome is variable. Initial urodynamic evaluation with
cystometrogram will usually demonstrate a high-capacity bladder with normal compliance, decreased sensation,
and poor contractility. Bladder pressures during voiding are low. Emptying is often incomplete. Despite this, 50%
of patients void spontaneously with normal voiding pressures and flow rate and low postvoid residual. Bladder
herniations are common.

‘What is the typical location of the undescended testicles in patients with prune-belly syndrome?

The testicles are usually located at the pelvic brim. Early orchiopexy is usually possible. The Fowler—Stephens
technique is often necessary for the testicles to reach the scrotum. Testicular autotransplantation with
microvascular anastomosis has also been performed.

How are undescended testicles managed in prune-belly syndrome?

Procedures are used similar to those used in patients without prune-belly syndrome and include single-stage
orchiopexy with preservation of the vascular bundle, single-stage Fowler—Stephens, or a two-stage Fowler—Stephens
procedure. There is, however, a higher rate of testicular loss in prune-belly syndrome (Zugor et al., 2012).
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What is the cause of infertility in patients with prune-belly syndrome?

Infertility of patients with prune-belly syndrome is multifactorial. Failure of emission or retrograde ejaculation

is common. Prostatic and seminal fluids may be insufficient. Spermatogenesis may be altered. Early orchiopexy,
electroejaculation, and intracytoplasmic sperm injection may allow for fertility in some patients. Intra-abdominal
testes tend to develop progressive tubular fibrosis. Human chorionic gonadotropin (HCG) therapy does not help
in these cases.

‘What are the growth characteristics of patients with prune-belly syndrome?

In general, the growth of children with prune-belly syndrome depends upon their renal function. With impaired
renal function, there is significant growth delay. Nonetheless, growth retardation occurs in more than one-third of
patients with normal renal function (Woods, 2007).

Can any treatment be given prenatally?

Fetuses with prune-belly syndrome may need intrauterine intervention if there is obstruction and concern

for pulmonary maturation. A vesicoamniotic shunt may be placed to bypass the obstruction. Criteria for
intrauterine surgery is second or third trimester, oligohydramnios, megacystitis, advanced hydronephrosis, normal
karyotype, urine sodium less than 100 mg/dL, and urine osmolality less than 210 mOsm. Complications include
dislodgement, urinary ascites, premature labor, and chorioamnionitis.

What is the initial postnatal management of prune-belly syndrome?

The initial management of patients with prune-belly syndrome has evolved and now relies upon the recognition
of the syndrome and generally involves noninvasive therapies. Stabilization of the associated cardiopulmonary
complications is paramount, as they are often more serious in the neonatal period. Usually the child is able to
spontaneously void, but this may be facilitated by bladder massage. Prophylactic antibiotics are indicated as
vesicoureteral reflux can be assumed to exist. Catheter drainage or other instrumentation should be considered
cautiously, as the possibility of urinary tract infection is a significant risk. If the patient has persistent azotemia
or acidosis, urinary tract diversion may be necessary. Stomal stenosis appears to be more common in children
with prune-belly syndrome; therefore, a large caliber (28F) vesicostomy is advisable. Occasionally, percutaneous
nephrostomies are needed in the setting of sepsis. Cutaneous ureterostomies may be necessary if the ureters are
obstructed distally due to extreme tortuosity. Urethrotomy to improve urinary drainage is now limited to the few
patients with anatomic urethral obstruction. Circumcision is advisable in order to reduce the risk of infection.

What are the long-term treatment options for patients with prune-belly syndrome?

The treatment of patients with prune-belly syndrome must be individualized. However, in general, most patients
can be treated conservatively with delayed surgical reconstruction. Prophylactic antibiotics are indicated in the
initial treatment of vesicoureteral reflux, which is present in more than 85% of patients. If recurrent pyelonephritis
ensues, a ureteral reimplant may be necessary. The proximal ureters are utilized as their function is less impaired
than the distal ureter. If tapering of a redundant ureter is needed, imbrication may be advantageous in order to
preserve ureteral blood supply. Reduction cystoplasty is usually limited to excision of urachal remnants. Clean
intermittent catheterization with/without mitrofanoff is a better option than reduction cystoplasty. Orchidopexy
should be performed early, often with a transabdominal approach. A staged procedure such as a Fowler—Stephens
procedure may be needed in order for the testicles to reach the scrotum. Microvascular autotransplantation

has also been employed. Abdominal wall reconstruction is primarily a cosmetic procedure, but may improve
pulmonary function.
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What are the common types of abdominal wall reconstruction?

The 4 most utilized surgical procedures are the Randolph, Ehrlich, Monfort, and Firlit techniques. The Randolph
technique involves a transverse incision from the 12th rib to the pubic symphysis to the opposite 12th rib with a
full-thickness removal of the skin, lower abdominal musculature, and peritoneum. Healthy fascia is approximated
to the anterior iliac spines, pubic tubercle, and inferior fascia. The Ehrlich technique utilizes a vertical midline
incision that allows for preservation of the umbilicus. The skin and subcutaneous tissues are elevated off the
muscle and fascial layers and an overlapping, pants over vest, advancement of each side to the contralateral

flank is performed, preserving the less affected lateral muscles and fascia. The Monfort technique uses a similar
approach as the Ehrlich technique but instead of a straight vertical incision, an elliptical incision is made to
remove redundant skin. The underlying tissue and muscle is freed from the fascia and vertical incisions are made
on the lateral fascia. These incisions are closed over the medial fascia. This procedure can also be performed
laparoscopically. The Firlit procedure stays extra-peritoneal. Skin flaps are created laterally from a midline vertical
incision. The lateral fascial layer is plicated in a double-breasted fashion without lateral fascial dissection or
incision of the midline fascial plate. This procedure too has been successfully performed laparoscopically.

Abdominal reconstruction has only been shown to improve appearance and there has been no measurable
improvement of function of the bladder.

What is the prognosis for patients with prune-belly syndrome?

The prognosis for patients with prune-belly syndrome has improved. Some infants are stillborn and as many as
25% of patients in some series died in the neonatal period due to urosepsis, renal failure, or most commonly
concomitant cardiopulmonary disease. With improvement in neonatal intensive care, the neonatal mortality rate
is less than 10%, death is most often due to renal failure as a result of severe renal dysplasia. Despite avoidance of
urinary tract instrumentation and the use of suppressive antibiotics, urinary tract infections are common. More
than 75% of patients will develop urinary tract infections; however, febrile infections and pyelonephritis are
unusual, especially in those patients with good renal function. Renal failure occurs in 25% to 30% of patients
with prune-belly syndrome. The presence of early renal insufficiency and urosepsis predicts progression to renal
failure. A nadir serum creatinine greater than 0.7 mg/dL predicts the development of renal failure. When needed,
renal transplantation can be performed safely (Hassett et al., 2012).
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What is the SRY gene, what does it do, and where is it located?

SRY stands for Sex determining Region on the Y chromosome. It is located on the short arm of the Y
chromosome.

What role does SRY play in testis development?

SRY is believed to induce Sertoli cell differentiation and testis development. SRY upregulates the expression
of SOX9 gene, which then promotes further differentiation of Sertoli cells.

What role does SOX9 play in testis development?

The SOX9 gene is structurally similar to SRY. SOX9 is probably activated by SRY because both genes are
expressed by fetal Sertoli cells. SOX9 is believed to (1) further promote the differentiation of the Sertoli cells,
and (2) upregulate mullerian-inhibiting substance (MIS) gene expression.

During sexual differentiation of the gonad into a testis, what are the first cells to differentiate in the testis
and approximately when does that happen?

The Sertoli cells differentiate at around 6 to 8 weeks.

What is the primordial hormone of the fetal testis? When and where does it begin to get produced?

Mullerian-inhibiting substance (MIS) is a glycoprotein that is produced and secreted by Sertoli cells around the
8th week of gestation and is responsible for regression of the mullerian ducts. Evidence for the role of MIS in
testicular descent is conflicting.

What 2 structures are the remnants of the regressed mullerian ducts?

The appendix testis and the prostatic utricle.
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What cells in the testes are responsible for the production of testosterone in utero?

Leydig cells, just like in adults.

Describe the 2 separate stages of testicular descent. Describe the role and actions for insulin-like hormone 3
and calcitonin gene-related peptide. Where are these substances made?

1. The first stage occurs at 8 to 15 weeks gestation. There is enlargement of the gubernaculum and regression
of the cranial suspensory ligament (CSL). Leydig cells produce insulin-like hormone 3, which stimulates
the caudal gubernaculums to grow and become thicker. Mullerian-inhibiting substance may have a role in
stimulating the swelling reaction in the gubernaculum.

2. The second stage occurs between 25 and 35 weeks gestation and requires the migration of the gubernaculum
and testis from the inguinal region to the scrotum. This stage is thought to be more androgen dependent. In
addition, the genitofemoral nerve releases calcitonin gene-related peptide, which may guide the migration
of the testis.

What is the CSL and what happens to it in adults?

The undifferentiated gonad is initially located high in the abdomen, anchored by the CSL. During intra-
abdominal descent (1st stage of testicular descent), androgens lead to the regression of the CSL. In females, the
CSL persists because of the absence of androgens.

When does testicular descent typically begin and finish?

Descent typically begins in the 23rd week of gestation when the processus vaginalis elongates into the scrotum. At
24 weeks, descent is complete in 10% of fetuses, at 27 weeks 50%, at 28 weeks 75%, and at 34 weeks 80%.

True/False: Spontaneous descent of an undescended testicle is rare after the first year of life.

True. Less than 10% of cryptorchid testes will descend spontaneously beyond 6 months of age.

What are the incidences of cryptorchidism in premature, full-term neonates, 1-year olds, and adults,
respectively?

The incidences are 30%), 3%, 1%, and 1%, respectively.

At 1 year of age, what percentage of cryptorchid testes have descended in premature infants and in full-term
infants, respectively?

It is 95% for premature infants and 75% for full-term infants. The majority of all descents will have occurred in
the first 3 to 6 months of life.

‘What is now believed to be the single greatest predisposing factor for cryptorchidism?

Low birth weight (independent of length of gestation).

What maternal factors contribute to cryptorchidism?

Endocrine disrupting chemicals (EDC) found in many pesticides have been shown to have antiandrogenic effects
on the developing male fetus in both human and animal models. This is thought to cause genital malformations
including cryptorchidism, hypospadias, and micropenis. Paternal exposure to EDCs may also be associated with
increased risk for cryptorchidism.
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What is the relationship between maternal smoking and obesity on the incidence of cryptorchidism?

Maternal smoking and obesity are not associated with increased incidence of cryptorchidism.

What percentage of cryptorchid testes are bilateral?
30%.

What percentage of cases of cryptorchidism are accompanied by epididymal anomalies?

35% to 75%. It is thought that the cranial gubernaculum develops an abnormal embryologic attachment. This can
lead to a spectrum of malformations, ranging from simple elongation to aberrant fusion, complete disjunction,

or even total absence of the epididymis. Therefore, even in the setting of normal germ cell development, fusion
anomalies may have a significant negative impact on fertility.

True/False: Due to the embryologic association of the ureteric bud and the Wolffian duct, an ultrasound
of the upper urinary tracts is recommended in patients with true cryptorchidism.

False. The incidence of upper tract abnormalities in cryptorchidism is no greater than the general population.
Therefore, ultrasound evaluation of the upper tracts is only indicated in cases of suspected intersex conditions.

What is the difference between a cryptorchid and an ectopic testis?

A cryptorchid testis is located along the normal path of descent, but has failed to reach a dependent position in
the scrotum. Ectopic testes descend normally through the external inguinal ring, but then migrate away from the
normal pathway.

What are some possible locations for an ectopic testis and which of these is the most common?

Ectopic tests can be found in the perineum, the femoral canal, suprapubic, and transverse scrotal locations.
However, the most common location is the superficial inguinal pouch (Denis-Browne pouch), between the
external oblique and Scarpa’s fascia.

What is a retractile testicle, and how is it different than cryptorchidism?

A retractile testis is a normal testicle, which can be pulled up, into the inguinal canal during physical examination.
It is thought to result from overactive cremasteric muscles. An uncommon phenomenon of delayed testicular
ascent has been falsely ascribed to retractile testes. “Testicular ascent” probably represents an undescended testis
that appears to be almost completely descended in the infant or young child.

How should a retractile testicle be followed?

Children with retractile testis should be monitored regularly (annually or biennially) until puberty or until the
testes have clearly descended permanently.

What options are available for medical therapy for cryptorchidism?

Human chorionic gonadotropin (hCG) and luteinizing hormone-releasing hormone (LHRH).

What is the overall efficacy of hormonal/medical therapy?
Approximately 20%.
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What is the mechanism of action of hCG, how is it administered, what is the recommended dosage and the
duration of therapy?

Administration of hCG stimulates Leydig cells, which results in increased plasma testosterone levels, thus
promoting testicular descent. The normal dosing of hCG is a total dose of 10,000 to 15,000 units administered
by injection twice weekly over 2 to 3 weeks (doses are adjusted for children weighing less than 20 kg). Above
15,000 IU of hCG, deleterious side effects become more common: increased rugation and pigmentation of
the scrotum, transient increase in penile size, and development of pubic hair. It also can cause changes in testicular

histology.

‘What is the mechanism of action and dosage for LHRH?

LHRH stimulates the anterior pituitary to release LH, which promotes testicular descent. LHRH, which is
preferred in Europe, is administered transnasally at a dose of 1.2 mg daily for 4 weeks.

Can hCG and LHRH be used together?
Yes.

What percentage of cryptorchid testes are nonpalpable?
20%.

‘What percentage of “nonpalpable testes” are actually absent on surgical exploration?

Approximately 30%.

‘What is the role of imaging versus physical examination by a urologist with respect to localizing a
nonpalpable testis?

A good physical examination by a urologist is often more valuable and reliable than an ultrasound. While CT and
MRI may discern the gonads in older children and young adults, they both have false-negative rates that make
them poor choices to verify absence. In addition, CT and MRI require sedation in younger children, and often
may not change the eventual management approach. Ultrasound has sensitivities of 60% for a nonpalpable testis,
but has been shown to have higher sensitivity for an identifying inguinal testis (95%) that was difficult to palpate
due to body habitus.

What is the best approach to locating a nonpalpable testis?

The first-line intervention is a thorough examination under anesthesia. This will often offer the surgeon a better
opportunity to reaffirm or primarily establish testicular position. If the testis(es) remains nonpalpable, a diagnostic
laparoscopy is the most reliable technique for localizing a nonpalpable testis or proving its absence.

What are the 3 possible definitive findings that can be appreciated during a diagnostic laparoscopy for
undescended testis?

1. Absent (vanishing) testis (ie, blind-ending vessels above the internal ring).
2. Cord structures entering the internal ring.

3. Intra-abdominal testis.
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What is the Fowler—Stephens orchidopexy? In what cryptorchid condition is this technique commonly
applied?

Ligation of the primary testicular blood supply often becomes necessary in the management of intra-abdominal
and high inguinal (occasionally) testis. Fowler—Stephens orchidopexy may be performed open, laparoscopically,
or as a combined laparoscopic and open procedure; it may be performed in single-stage or 2 stages. The reported
success rates are 60% to 97%.

When the spermatic vessels are divided (the primary blood supply), the blood supply to the testis becomes
dependent on collateral circulation from the deferential artery—a branch of the inferior vesical artery, and the
cremasteric vessels—a branch of the inferior epigastric artery.

What are the 4 main risks associated with an undescended testis?

1. Subfertility—approximately 25% of patients with unilateral cryptorchidism and 50% of patients with bilateral
cryptorchidism. (Note: The higher the cryptorchid testis, the more significant the degree of dysfunction.)

2. Neoplasia—testicular cancer (risk is up to 10 times greater).
3. Hernia—a patent processus vaginalis is present in approximately 90% of all cryptorchid testes.

4. Testicular torsion—which is more common in undescended testes.

Is orchidopexy protective against subsequent testicular cancer?

No. The relative risk of cancer in a patient with a history of treated or persistent cryptorchidism is 2.5 to 8.
Although it appears that earlier orchidopexy may improve the risk, patients who undergo orchidopexy after
puberty are 2 to 6 times more likely to have testicular cancer than those who undergo prepubertal orchiopexy.
Patients with bilateral cryptorchidism and associated genitourinary anomalies are also at higher risk for testicular
cancer.

What is the most common tumor in an abdominal cryptorchid testis, before and after orchidopexy?

Patients who have not undergone orchiopexy are more likely to develop seminomatous germ cell tumors (74%),
while patients who have undergone orchiopexy are more likely to develop nonseminomatous germ cell tumors

(63%).

A 12-year-old boy is noted to have a solitary left testicle on routine physical for the youth basketball league.
His mother states that he underwent a diagnostic laparoscopy as a toddler that revealed blind-ending cord
vessels on the right side. What are the preferred recommendations to this boy’s mother with respect to
playing a contact sport and future imaging?

Contact sports are permissible, but use of a protective cup is recommended. If the exploratory history of blind-
ending vessels is accurate, then no further imaging is necessary.

Physical examination under anesthesia performed on a 9-month-old boy reveals a nonpalpable left testis.
Diagnostic laparoscopy reveals the left testicular vessels and vas coursing distal to the internal inguinal ring.
What is the next course of action and what is the most likely finding?

The next step is to continue the exploration (either with laparoscopy or through an inguinal incision). The most
likely finding at that time would be the presence of a testicular remnant.
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In the scenario of the preceding question, if a testicular remnant is discovered what should be done
and why?

The remnant should be excised due to its potential for future malignant degeneration.

‘What percentage of atrophic remnants have viable testicular elements, and thus potential for malignant
conversion? What is the risk of developing carcinoma in the contralateral testis?

Thirteen percentage of atrophic remnants contain germ cell tissue, placing these patients at a potential risk for
malignant conversion. Patients with an atrophic testicle are also at 36% risk for developing carcinoma in situ in
the contralateral testicle.

A 4-year-old boy undergoes a left inguinal exploration for a presumed palpable testis at a level just above
the external ring. At the time of exploration, the vas deferens is noted to end blindly just past the level
of the internal ring. What is the next step and why?

Laparascopic or extended abdominal exploration. A blind-ending vas is not definitive evidence of an absent testis.
Abdominal exploration needs to be performed to identify either an abdominal testis, or testicular remnant, or
definitive evidence of blind-ending vessels.

A newborn is being evaluated for proximal hypospadias and bilateral nonpalpable testes. What potentially
life-threatening condition needs to be considered and urgently evaluated?

Congenital adrenal hyperplasia (CAH) from 21-hydroxylase deficiency must be ruled out in newborns with
bilateral cryptorchidism and ambiguous genitalia.

What is the most frequent histologic finding in the cryptorchid testis of a 4-year-old boy?

Decreased number of germ cells.

Elevation of what hormone in previously cryptorchid men has been correlated to eventual decreased
paternity rates?

Elevation in follicle-stimulating hormone (FSH) is associated with decreased paternity rates. Previously
cryptorchid patients with significant elevations in FSH have been shown to be more likely to be azoospermic.
Patients with bilateral cryptorchidism have significantly higher FSH compared to unilateral cryptorchidism.

A 20-hour-old neonate has a right scrotal mass that does not transilluminate. What is the most likely
diagnosis?

Extravaginal torsion of the spermatic cord.

Carcinoma in situ (CIS) is present in approximately 1.7% to 3% of previously cryptorchid testes
and postulated to have originated within the fetal gonocytes. What is the risk for subsequent development
of testicular cancer in gonads that harbor CIS?

Genetic and histologic studies have shown that carcinoma in situ (also referred to as intratubular germ cell neoplasia
or ITGCN) cells are similar to gonocytes, but do not differentiate to spermatogonia. Instead, they persist in the
postnatal cryptorchid testis. Fifty percent of patients diagnosed with CIS of the testis develop invasive testicular
cancer within 5 years of diagnosis. It is now generally agreed that nearly all occurrences of testicular cancer

are preceded by the presence of CIS, with the exception of 2 rare tumor types (infantile germ-cell tumor and
spermatocytic seminoma) which occurs in older men.
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(D True/False: The ureter during embryologic development undergoes solidification and later recanalization.

True. In the first 7 to 8 weeks of gestation, the fetal ureter looses its lumen and recanalizes. The reason for this
is unknown, but it may help to explain the presence of ureteral dilation especially if the recanalization process is
prolonged.

(O True/False: The mesonephric duct is necessary for the development of the ureter.

True. The ureteral bud arises from the mesonephric duct to interact with the metanephric blastema to form the
future collecting system and renal parenchyma.

(O What happens if the mesonephric duct is absent or maldeveloped?

Absence or maldevelopment of the mesonephric duct will lead to ipsilateral renal agenesis along with absence
of genital duct structures such as the vas deferens and seminal vesicles.

(O Define megaureter.

A megaureter is an antomical term referring to an enlarged ureter typically measuring greater than 1 cm in
diameter. It is easily seen on ultrasound. The typical pediatric ureter is less than 5 mm in diameter and is rarely
seen on ultrasound examination.

(O Describe the 4 types of megaureter.

Megaureters arise from an underlying pathology such as obstruction or vesicoureteral reflux. The 4 types of
megaureter are the obstructed megaureter, the refluxing megaureter, the obstructed, refluxing megaureter, and the
nonobstructed, nonrefluxing megaureter.

(O True/False: The nonobstructed, nonrefluxing megaureter requires surgical correction.

False. The nonrefluxing, nonobstructing megaureter is likely a result of previous reflux and/or obstruction that has
resolved. It does not require immediate surgical correction and often resolves spontaneously over time.
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True/False: The presence of hydroureteronephrosis on antenatal ultrasound usually indicates obstruction
and can be the precursor to an obstructing megaureter.

False. Hydroureteronephrosis and hydronephrosis are common findings on antenatal ultrasound. The findings are
usually benign and are referred to as physiologic hydronephrosis without obstruction. However, true obstruction
or high-grade vesicoureteral reflux may be present and further studies such as serial ultrasounds, voiding
cystourethrogram, and diuretic renal scans may be necessary.

Describe the surgical options and reasoning for reducing the diameter of a megaureter during surgical
reimplantation.

The infant ureter has an impressive ability to distend in response to obstruction or high-grade vesicoureteral reflux
thus creating a megaureter. Successful surgical repair requires tapering of that ureter to allow for efficient peristalsis
of urine. Additionally, reducing the ureteral diameter will decrease the need for a longer submucosal tunnel to
prevent vesicoureteral reflux. The primary methods for tapering include plication or excision of the redundant ureter.

Define an ectopic ureter.

An ectopic ureter simply refers to a ureter that does not terminate in the bladder.

What is the most common site for the termination of an ectopic ureter in a male?

The ectopic ureter can terminate in a variety of places but always proximal to the urethral sphincter. The most
common site of termination is the prostatic urethra.

Name 3 potential sites of termination for an ectopic ureter in a female.

The perineum, vagina, and uterus are common sites of termination for an ectopic ureter in a female. Unlike a
male, the female often presents with incontinence without dry periods. Careful examination will sometimes reveal
the steadily dripping ectopic orifice in the introitus.

True/False: When considering a heminephrectomy for an atrophic, upper-moiety renal segment associated
with an ectopic ureter, small accessory arteries and veins to the lower moiety can be divided with impunity
because of the extensive arterial and venous collateral circulation.

False. While the venous drainage to the kidney is redundant, care should be taken to preserve all accessory arteries
to the lower pole segment since arterial collateral circulation is not present. Division of these vessels will result in
tissue ischemia.

A newborn child presents with a history of a 3-cm upper pole cyst first noted on routine antenatal
ultrasound. What is the likely diagnosis and best course of action?

The large “cyst” is most likely the hydronephrotic dysplastic remnant of a duplex system. An obstructing ectopic
ureter, which has since involuted, may have been responsible for the findings. Serial ultrasounds can help to
determine if the cyst is involuting.

Describe an alternative to reimplanting an ectopic ureter in a duplex system and indicate its advantages.

An ectopic ureter is often dilated and may need to be tapered prior to reimplantation. Additionally, in a duplex
system, the ipsilateral ureter would also have to be reimplanted in a common sheath. As an alternative, the ectopic
ureter can be connected to the normal ureter or renal pelvis as in ureteroureterostomy or ureteropyelostomy. This
approach would avoid the bladder and precludes reimplanting the normal ureter.



CHAPTER 10  Megaureter, Ectopic Ureter, and Ureterocele 123

Define the “drooping lily” sign seen on a voiding cystourethrogram and describe its clinical significance.

A drooping lily sign refers to the finding of reflux into a lower moiety of a duplex system. The renal pelvis of the
lower moiety is laterally displaced and the calyces are directed laterally and inferiorly giving rise to the appearance
of a drooping lily on the radiograph.

True/False: A megaureter with grade V vesicoureteral reflux has minimal chance for spontaneous resolution
except for the newborn male infant.

True. High-grade vesicoureteral reflux in male infants has a markedly increased chance of fully resolving. This
subset should therefore be placed on observation protocols rather than considered for immediate surgical
correction.

True/False: A duplex system with upper and lower moiety reflux is identified on a screening voiding
cystourethrogram. This would indicate that both the upper and lower moieties are completely duplicated
and both are refluxing.

False. Upper and lower moiety reflux is often seen on a voiding cystourethrogram with apparent full duplication.
However, full duplication is rarely present. Instead, the bifurcation of the ureters occurs close to the bladder and is
easily missed on the radiograph.

Describe the megacystis—megaureter anomaly associated with high-grade vesicoureteral reflux.

Megacystis—megaureter refers to a large bladder and dilated ureters caused by the yo-yo reflux of urine between
the bladder and ureters. During voiding, the bladder contracts and sends much of the urine up into the refluxing
ureters. When the bladder relaxes after voiding, the urine rushes back into the bladder. The bladder never truly
empties and thus can be quite capacious.

A 6-year-old girl presents with persistent urinary incontinence. A screening ultrasound indicates a left
duplex system and upper moiety hydroureteronephrosis. What further radiologic studies need to be
considered?

There should be a high degree of suspicion for an ectopic ureter. A voiding cystourethrogram and diuretic renal
scan will help identify vesicoureteral reflux, renal function, and obstruction. If an ectopic ureter is not clearly
identified, magnetic resonance urography may need to be considered to clearly identify ureteral anatomy prior to
surgical repair.

True/False: To prevent bacterial colonization of the introitus and vagina in a child with an ectopic ureter,
nitrofurantoin should be used as antibiotic prophylaxis.

False. While nitrofurantoin is an excellent choice for antibiotic prophylaxis with its low tissue and intestinal levels,
it does not significantly affect introital or vaginal flora. Trimethoprim—sulfamethoxazole would be the preferred
choice because it is present in vaginal secretions.

Define a ureterocele.

A ureterocele is a cystic dilation of the terminal ureter. It may be either obstructing or nonobstructing. It may
also be a part of a single system or part of the upper moiety of a duplex system. The presumed etiology is the
persistence of a fetal membranous obstruction (Chwalle membrane) that develops into a ureterocele.
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Define an ectopic ureterocele.

An intravesical ureterocele remains completely within the bladder. An ectopic ureterocele arises from within the
bladder, but part of the cystic dilation extends into the bladder neck or urethra.

Define a cecoureterocele and its clinical importance. What is the preferred surgical treatment of this entity?

A cecoureterocele is a ureterocele in which part of the cavity extends submurally into the bladder neck and
urethra. It is important to recognize this entity during repair because inadvertent closure of the urethral segment
will result in an enclosed cystic space. Marsupialization of the urethral component into the bladder rather than full
excision is the preferred surgical management.

Define a prolapsed ureterocele and its clinical significance. What is the preferred surgical management
of a prolapsed ureterocele?

A prolapsed ureterocele occurs in females, and simply means a ureterocele that has extruded through the urethra.
It is obvious as an intralabial mass on examination. Ultrasound often will confirm the diagnosis. The prolapsed
ureterocele can be of particular concern because it can result in urine outlet obstruction and resultant infection
and sepsis. Puncture and decompression of the ureterocele is the first step in surgical management.

True/False: An ectopic ureter may be mistaken for a ureterocele on ultrasound evaluation.

True. An ectopic ureter and ureterocele can both look like a cystic mass in the bladder on ultrasound. The ureterocele
is usually thin walled and the ectopic ureter tends to have a thicker wall, but this may not always be the case.

True/False: Antenatal detection of ureteroceles is the most common mode of diagnosis.

True. With the advent of prenatal ultrasound as a routine part of perinatal care, the infant is often diagnosed
prior to birth. Prior to the use of ultrasound, infants and children would present later in life with infection and
obstruction.

True/False: Endoscopic incision of a ureterocele is a common first step in managing this disorder.

True. Endoscopic incision can often correct the obstruction associated with ureteroceles, but may create a patulous
opening allowing high-grade reflux to occur.

Describe the upper tract approach for ureterocele repair in a duplex system and provide its main
advantages.

The upper tract approach involves a heminephrectomy and partial ureterectomy for a nonfunctional renal
segment, or in the case of a functioning upper moiety, a ureteropyelostomy. The primary advantages to this
approach are that it avoids bladder surgery, can be definitive, and will correct the primary source of morbidity,
which is renal obstruction.

Describe the lower tract approach for ureterocele repair in a duplex system and its primary advantages.

The lower tract approach refers to correction of ureterocele by entering the bladder, removing the ureterocele, and
then reimplanting the ureter. The advantages to this approach are that it can be less morbid by reducing the risk
to the lower moiety renal segment. A refluxing ipsilateral ureter can be corrected at the same time. The primary
disadvantage is that it may still leave a nonfunctioning renal segment that may require further surgery.
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How often does prenatal sonography detect a significant fetal anomaly?

In 1% of pregnancies.

How many of these are genitourinary, and what is the most common urologic abnormality?

Twenty-five percent are genitourinary. Hydronephrosis is the most common urologic abnormality found on
sonography, representing 50% of all genitourinary fetal anomalies.

What is the significance of bilateral hydronephrosis?

This may indicate vesicoureteral reflux (VUR), fetal ureteral folds, or megaureters. Posterior urethral valve (PUV)
must also be considered in a male fetus, especially if there is evidence of a dilated bladder.

What is the cause and significance of oligohydramnios?

Abnormal or deficient fetal kidneys will produce less urine, which leads to oligohydramnios. Therefore, a screening
ultrasound evaluation of the fetal kidneys is reasonable if oligohydramnios is found. Oligohydramnios may also

be caused by rupture of amniotic membranes, inadequate urine production, obstructive uropathy, or post-term
gestation. Renal causes of oligohydramnios include renal agenesis or dysplasia, obstruction, or hypoperfusion of
the kidneys. Oligohydramnios may lead to pulmonary hypoplasia. The second trimester is the most critical for
fetal lung maturation.

Which are potentially more dangerous: obstructive or nonobstructive lesions of the kidneys?

In association with hydronephrosis, obstructive lesions are more dangerous, especially if bilateral. However,
bilateral renal dysgenesis (caused by diseases such as autosomal recessive polycystic kidney disease, multicystic
dysplastic kidney) may be lethal.
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Renal pelvic diameter measurements can be helpful in determining the significance of hydronephrosis.
‘What measurements would be considered significant?

Specific measurements are somewhat controversial. An anteroposterior (AP) diameter greater than 7 mm in the
second trimester and 10 mm in the third trimester are some guidelines. Smaller is better.

A distended bladder that does not empty suggests which diagnosis?

Posterior urethral valve, prune-belly syndrome, urethral atresia, or neuropathic bladder (eg, spina bifida).

‘Which of these is the most dangerous?

Urethral atresia has the highest mortality rate among these.

Consultation is requested for an otherwise healthy term infant with a palpable right-sided abdominal mass.
Prenatal sonography was not performed. How do you proceed with your physical examination?

A general examination must begin with initial attention to subcutaneous nodules (neuroblastoma) or
dehydration, particularly with hematuria (as seen in renal vein thrombosis). The patient should be placed in the
lateral decubitus position for kidney palpation by supporting the flank with one hand and palpating the upper
quadrant subcostally with the opposite hand. Care should be taken to avoid extensive abdominal manipulation
after the initial examination to prevent the rare occurrence of rupture as seen in cases of Wilms' tumor/
mesoblastic nephroma. Transillumination of the flank mass may distinguish cystic from solid lesions. Following
a complete physical examination, including careful blood pressure measurements, abdominal sonography is
indicated.

A 23-year-old pregnant female presents for evaluation of prenatally detected unilateral hydronephrosis.
There is no oligohydramnios. What would be your consideration and recommendation to the patient?

Prenatal fetal hydronephrosis is the most commonly diagnosed fetal urologic abnormality. While the overall
incidence of hydronephrosis on prenatal sonography is between 1% and 1.5%, the incidence of clinically
significant hydronephrosis is between 0.2% and 0.4%. With normal amniotic fluid levels, close follow-up
throughout the pregnancy and in the neonatal/newborn period as well as through the first year of life are required.
It is important to note that a postnatal ultrasound evaluation performed within the first 48 hours of life may
underestimate the degree of hydronephrosis due to physiologic oliguria in the newborn. The majority of cases of
prenatal low-grade hydronephrosis may stabilize and resolve within the first year of life.

This woman delivered a 7 1b, 3 oz otherwise healthy male infant. Postnatal sonography confirms
the presence of unilateral hydronephrosis. What further evaluation do you recommend?

Careful physical examination with an emphasis on observing the infant’s active voiding is an important first

step. The infant should be started on antibiotic prophylaxis, as the incidence of urinary tract infection (UTI) is
approximately 3% to 4% in the first 6 months of life. A voiding cystourethrogram (VCUG) and nuclear renogram
(DTPA or MAG 3) should also be scheduled. Nuclear renography is dependent on glomerular filtration rate (GFR)
for excretion of the isotope. Neonatal GFR increases several fold during the first 2 months of life. Therefore, the
optimal timing of the renal scan is during the second month of life. Recent work suggests a conservative approach
to nuclear renography in patients with mild hydronephrosis.
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A 32-week prenatal sonogram of a male fetus followed for hydronephrosis reveals increasing bilateral
hydronephrosis, a dilated bladder, and new-onset marked oligohydramnios. What is your recommendation?

Posterior urethral valve leading to bilateral hydronephrosis with oligohydramnios is the most likely etiology,
and this situation potentially represents a rare urologic indication for induction of labor or fetal intervention.
Fetal lung maturity should be evaluated with a lecithin/sphingomyelin amniotic fluid ratio prior to a final
recommendation. If fetal surgical intervention is considered, fetal renal function should be estimated by the
urinary sodium chloride, osmolality, and 3, microglobulin obtained by fetal bladder aspiration. A high-grade
obstruction of a single system also requires a similarly rapid response. The outcomes for fetal intervention with
respect to improvement of renal function are mixed.

A male infant delivered at an estimated 34 weeks gestational age without prenatal care demonstrates failure
to thrive and neonatal ascites. The infant is noted to have a diminished, dribbling urinary stream. What is
the most likely diagnosis?

The most common cause of bladder outlet obstruction in the male newborn is a PUV. An abdominal mass, failure
to thrive, and neonatal ascites are among the most common presenting symptoms. Clearly, the widespread use of
prenatal sonography has directed early investigations in patients with PUV.

What prenatal sonographic findings are suggestive of a PUV, and what is the most important information
needed to determine further prenatal care?

Increased bladder wall thickness on prenatal sonography may indicate outlet obstruction, and dilation of the
posterior urethra (keyhole sign) is strongly suggestive of PUV. The most important information needed to determine
further prenatal care is the presence and timing of onset of oligohydramnios. In the setting of oligohydramnios,
increased renal echogenicity is a poor prognostic indicator. Urinary electrolytes have been shown to be a useful
indicator of renal salvageability only in the setting of oligohydramnios and in early gestation (18-24 weeks).

Prenatal sonography at 22 weeks reveals bilateral hydroureteronephrosis with a distended bladder
consistent with a PUV. Attempts at placement of a vesicoamniotic shunt are unsuccessful. Labor is induced
at 32 weeks. What is the initial management at birth?

Recognition of prenatal hydronephrosis suggests the need for repeat sonography at birth to establish a baseline view
of the renal collecting systems. When a suspicion of PUV exists, bladder catheterization should be performed and
the patient should be placed on prophylactic antibiotics. A VCUG should be performed when the patient is stable.
When a PUV is present, VCUG often demonstrates a thick, trabeculated bladder with a dilated posterior urethra.

A 35-week gestational age male infant with an apparent PUV on VCUG has tense abdominal distension
with a fluid wave and a urine output of 0.2 mL/kg/h despite aggressive fluid resuscitation. What is the most
likely diagnosis?

Neonatal urinary ascites occurs in 7% of male infants with PUV. The diagnosis is based on clinical and
radiological evidence and can be confirmed by a diagnostic tap of the ascites. When bladder outlet obstruction is
suspected, catheter drainage is initiated followed by drainage of ascites only if respiratory compromise is suspected.

Following ablation of PUYV, difficulty passing a catheter into the bladder is encountered. What is the most
likely cause?

Hypertrophied bladder neck resulting from bladder outlet obstruction.
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(O A 32-week gestational age infant is delivered after induction of labor for oligohydramnios and
hydronephrosis. A cystic mass is noted on the ventral surface of the penoscrotal junction. What finding
is expected on the VCUG?

A cystic mass at the penoscrotal junction especially with dribbling urinary stream is likely the rare finding of an
anterior urethral valve. VCUG will likely show a large ventral diverticulum due to a crescentic cusp on the ventral
aspect of the urethra. VUR may also be seen with this condition.

(O What are causes of nonobstructive fetal hydronephrosis?

VUR (incidence of 15%-20% in white patients and less than 1% in black patients with prenatal hydronephrosis)
and fetal ureteral folds are common causes of mild or transient ureteral dilatation noted on prenatal sonography.

(O A prenatal sonogram detects oligohydramnios and the presence of multiple small cysts (1-2 mm in
diameter). Liver sonography demonstrates periportal fibrosis. What is the most likely diagnosis, and
what is its prognosis?

Hepatic fibrosis with a polycystic kidney is consistent with autosomal recessive polycystic kidney disease of the
infantile form. Postnatal sonography typically reveals bilaterally large, echogenic kidneys with poor corticomedullary
differentiation. (Contrast urography would reveal severely delayed function and a nephrogram with an alternating
radially oriented sunray pattern.) Infantile presentation typically leads to death by 2 months of age.

(O What is the most likely cause of an abdominal mass in a healthy-appearing male infant, and how can it be
differentiated from the second most common cause of neonatal abdominal masses?

Hydronephrosis due to ureteropelvic junction (UP]) obstruction is the most common cause of a neonatal
abdominal mass. Multicystic dysplastic kidney (MCDK) is the second most common cause of the neonatal
abdominal mass and can be distinguished from UP] obstruction by the sonographic findings of multiple
noncommunicating cysts, minimal or absent renal parenchyma, and the absence of a central large cyst. The

2 entities can also be differentiated by the ”"Tc DMSA renal scan. The renal scan usually demonstrates some
function in the hydronephrotic kidney and nonfunction of the MCDK.

(O Aninfant is diagnosed with a right MCDK. What is of concern regarding the contralateral kidney?

The contralateral kidney and collecting system must be carefully studied in cases of MCDXK. Contralateral VUR
is the most commonly encountered abnormality with an incidence of 15% to 40%. Contralateral hydronephrosis
due to UPJ obstruction occurs in approximately 10% of infants with MCDK.

(O A 1-month-old female infant is admitted to the neonatal intensive care unit (NICU) with failure to thrive
and respiratory distress. Physical examination reveals a large right-sided abdominal mass. Sonography
reveals an enlarged right kidney with multiple noncommunicating cystic structures. A renal scan reveals
no perfusion to the affected side and normal function of the left kidney. What treatment would you
recommend?

This clinical scenario is consistent with the findings of MCDK. Symptoms including respiratory distress, failure
to thrive, hypertension, or hemorrhage are indications for nephrectomy in certain cases of MCDK. However, a
subset of these patients may be managed by aspiration of the dominant cyst(s), as the cystic fluid does not tend
to reaccumulate. Aspiration can typically be done by sonographic guidance and may provide immediate or even
long-term management.
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A clinically stable, otherwise healthy term neonate is diagnosed with left MCDK by sonography. The right
kidney is noted to be free of reflux with intact renal function. Is there a role for observation?

In the absence of hypertension, feeding, or developmental problems due to mechanical or obstructive complications,
immediate surgical excision is unnecessary. Concern for onset of hypertension, malignant degeneration of the
MCDK to Wilms' tumor, or, less commonly, renal cell carcinoma remains an argument for prophylactic removal of
these nonfunctioning moieties. The minimal morbidity of a procedure accomplished through a small incision and
the freedom from regular follow-up or sonography are additional factors favoring nephrectomy. Noninterventional
follow-up and the ability to sonographically follow MCDK, as well as the high incidence of near-complete
involution favor observation in these cases. One must remember, however, that while the cystic fluid found within
MCDK may be resorbed, the cyst wall is a persistent remnant. MCDK should be followed sonographically until at
least age 5; nephrectomy should be performed if there is an increasing solid component.

A term infant is noted to have a fixed, unilateral mass extending to the midline. Also noted are multiple
bluish skin nodules. What is the most likely diagnosis and treatment?

This clinical picture most likely represents neuroblastoma, an embryonal tumor of neural crest origin.
Neuroblastoma is the most common solid abdominal mass and the most common malignant tumor in infancy.
For low-stage tumors (stage I to II), surgical excision remains the treatment of choice. For stage III and higher
disease, chemotherapy and radiation therapy are employed as multimodal therapies. As an exception for higher
stage disease, surgical excision is often the standard of care without irradiation or chemotherapy in cases of stage
IV-S disease (hepatic metastases, skin nodules, and bone marrow involvement).

A term female infant is oliguric at 48 hours of age. Physical examination reveals a palpable, distended
bladder, and an erythematous interlabial mass. Renal sonography reveals hydronephrosis of the left upper
pole. What is the most likely diagnosis?

The most common cause of urethral obstruction in the female infant is an obstructing ureterocele. In addition,
80% of ureteroceles are associated with the upper pole ureter of a minimally functioning duplicated system. The
sonographic findings are consistent with a ureterocele arising from a duplicated collecting system.

Antenatal sonography of a 25-week gestational age female fetus reveals right-sided hydronephrosis and
an intravesical cystic dilatation consistent with a ureterocele. Follow-up postnatal sonography, however,
demonstrates persistent hydronephrosis, but no obvious ureterocele. What technical errors during
sonography may confound the diagnosis?

There are common errors in the sonographic technique that may render the diagnosis of ureteroceles difficult. If
the bladder is overdistended, then the ureterocele may become effaced and may not be visible on sonography and
even on VCUG. Additionally, if the injected contrast is too concentrated on cystourethrography, the ureterocele
may become obscured on radiologic imaging. On the other hand, if the bladder is completely empty during
sonography, a large ureterocele can mimic the wall of the bladder, and distinction between the bladder wall and
ureterocele may be difficult.

A neonate is noted to have deficiency of abdominal wall musculature, diffuse dilatation of the urinary tract,
and hydronephrosis. The patient is clinically stable. Does this patient require acute urological intervention
to address the upper tract dilatation?

Rarely does a case of group 2 prune-belly syndrome as described above require urgent urological intervention.
Sonography and serial electrolytes are used to assess parenchymal reserve and extent of uropathy. A diuretic
renal scan should be performed. Patients presenting with group 1 characteristics, on the other hand, including
oligohydramnios, pulmonary hypoplasia, cardiac anomalies, urachal abnormalities, or pneumothorax require
intervention for the cardiopulmonary abnormalities prior to other aspects of care.
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The neonate with prune-belly syndrome described in the previous question may be expected to have up
to an 85% rate of VUR. Should a VCUG be immediately performed to determine the grade of reflux and

subsequent treatment?

Instrumentation of a neonate with prune-belly syndrome is associated with a high risk of infection and should be
performed only with antibiotic prophylaxis.

A lower abdominal mass is palpated in a newborn female. Examination of the perineum reveals a mass
in the introitus. The mass persists following placement of a urethral catheter. What is the most likely
diagnosis?

A lower abdominal mass in an otherwise healthy female patient is most likely due to hydrometrocolpos or
distension of the vagina and uterus.

What anatomical abnormalities most commonly lead to hydrometrocolpos?

An imperforate hymen is the most common cause of hydrometrocolpos. A less common etiology is a high
transverse vaginal septum, which can be associated with a persistent urogenital sinus. In cases of a high transverse
vaginal septum, the external anatomy may appear deceptively normal but sonography of the abdominal mass will
reveal a cystic midline structure posterior to the bladder without septation.

On prenatal sonography, the bladder cannot be identified. What condition should be considered?

Inability to identify the bladder on repeat studies should raise suspicion for bladder exstrophy. Common
observations in the fetus with bladder exstrophy include nonvisualization of the fetal bladder, a lower abdominal
wall mass inferior to a low-lying umbilicus, diminutive genitalia, and abnormal widening of the iliac crests.

A term male infant is noted to have multiple genitourinary anomalies at birth consistent with the classic
bladder exstrophy/epispadias complex. How must the exstrophic bladder be maintained prior to surgical
intervention?

The mucosa of the bladder must be protected while the candidacy for surgery is discussed. Noncontact care may
consist of placing the child in an incubator without a diaper and with saline mist to keep the mucosa moist.
Alternatively, the bladder mucosa may be protected by a plastic wrap to prevent the mucosa from sticking to
clothing or to the diaper. The umbilicus should be ligated with silk suture rather than a plastic umbilical clamp
when exstrophy is recognized antenatally or postnatally. Broad-spectrum antibiotics may be started to sterilize the
bladder wall prior to surgical intervention.

A term male infant is brought to the emergency department with fever, irritability, and weight loss.
The infant is uncircamcised. Until what age is the infant more susceptible to UTI than circumcised
male infants?

Regardless of phimosis, the presence of a foreskin predisposes an infant to UTT until approximately 6 months
of age versus age-matched circumcised males. Colonization of the newborn prepuce diminishes as a risk factor
beyond 6 months of age.

Three days following Gomco clamp circumcision, a newborn infant develops brisk bleeding from the
incision. What is the risk of hemorrhage, and how should it be treated following circumcision?

Hemorrhage occurs in <1% of cases. The incidence is highest at 3 days after birth due to the physiologic
depression of plasma levels of vitamin K-dependent clotting factor. If conservative measures such as compression
with an epinephrine-soaked gauze sponge or thrombin application fail, hemostatic suture placement is required.
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Consultation is requested approximately 7 days following a neonatal circumcision. Examination of the
penis reveals dehiscence of the incision line with complete exposure of the ventral penile shaft. What is the

preferred approach?

Healing by secondary intention is the preferred approach following such a dehiscence. In rare cases, extensive
denudation of skin may require skin grafting to prevent secondary chordee or scarring. Other acute complications
of neonatal circumcision include infection, laceration, glans amputation, urinary retention, and necrosis.
Nonacute complications of neonatal circumcision include excessive residual skin, skin asymmetry, epithelialized
skin bridges, epidermal inclusion cysts, skin tethering/chordee, concealed (buried) penis, phimosis, meatal
stenosis, urethrocutaneous fistula, and lymphedema.

Consultation is requested for a glans amputation during a neonatal circumcision. How should this be
managed?

As with all acute complications during circumcision, immediate attention and treatment is the best management.
Generally, glans amputation is partial. The amputated portion should be wrapped sterilely and kept cool on ice.

It should not be submerged in saline. Primary anastomosis with long-lasting absorbable sutures (eg, PDS) should
be performed. There are no vessels of sufficient size to permit microvascular re-anastamosis. The urethra should be
stented. Viability of the amputated portion is improved when repair occurs within hours of the injury, but it has
even been documented in delays up to 18 hours.

A newborn undergoes a circumcision with a Gomco clamp. Three days later, he has 2 separate streams.
What is the next step?

Urethrocutaneous fistula is a rare complication of circumcision. It may occur if the urethra is crushed by the
circumcision clamp or if a suture is inadvertently placed into the urethra. This can be repaired if recognized
immediately. When the diagnosis is delayed, observation for 4 to 6 months may result in spontaneous closure.
Otherwise, formal closure of the fistula will be needed.

During newborn infant circumcision, local anesthetic containing 1:1000 epinephrine is injected. Blanching
of the penile skin and glans is observed. Physical exam demonstrates mild peripheral vasoconstriction of
the hands and feet, blood pressure of 90/60 mm Hg, and a pulse of 160. What is the next step?

This patient has primarily local effects of the injected epinephrine. These can be treated with the alpha-adrenergic
antagonist phentolamine delivered subcutaneously at the injection site at a dose of 0.1 to 0.2 mg/kg. The patient
should be monitored closely for adverse effects.

A 9-day-old infant undergoing a sepsis workup is noted to have a palpable right-sided abdominal mass with
associated gross hematuria. What is the most likely diagnosis?

The most likely diagnosis is renal vein thrombosis (RVT). Sixty to seventy percent of patients with RVT have
findings of a palpable mass with associated gross hematuria and proteinuria.

A 2-day-old infant born to a diabetic mother has polyuria (10 mL/kg/h). Is the child at risk for
compromised renal function?

Yes. Infants of diabetic mothers experiencing an osmotic diuresis as well as infants with profuse diarrhea, sepsis,

acute hypoxia, and hypotension are at risk for RVT. RVT often occurs due to low renal perfusion pressures and

increased blood viscosity secondary to extracellular volume contraction with resultant sludging of blood in renal
venules.
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A 4-day-old infant with a palpable abdominal mass, gross hematuria, and thrombocytopenia undergoes an
abdominal Doppler sonogram that confirms the diagnosis of unilateral RVT without caval thrombus. What
does appropriate treatment include?

Vigorous hydration, electrolyte management, and treatment of the underlying cause are critical. Aggressive
anticoagulation and thrombolytic therapy are employed in certain situations. Thrombolytic agents such as
urokinase, streptokinase, and tissue plasminogen activator are utilized for bilateral RVT.

Following successful treatment of RVT, what sequelae may develop?

Fibrosis of the kidney, renovascular hypertension, nephrotic syndrome, and chronic pyelonephritis are all possible
sequelae of RVT. Hypertension in association with an atrophic kidney is often renin-mediated, and a nephrectomy
is curative.

A 35-week gestation newborn is anuric for 36 hours following birth. Physical examination is unremarkable.
Should a workup for acute renal failure commence?

No. 92% and 99.4% of term newborns void within 24 hours and 48 hours of birth, respectively. Acute renal
failure is suspected only if anuria persists more than 48 hours.

The same infant persists with an urine output of 0.7 mL/kg/h and a serum creatinine of 1.1 mg/dL at
72 hours. There is no history of oligohydramnios. What is the most common cause of oliguria in the
newborn, and how is it treated?

Prerenal renal failure secondary to inadequate perfusion is the most common cause of oliguria in the

newborn. Hypotension from sepsis, maternal antepartum hemorrhage, or surgical bleeding may lead to renal
hypoperfusion. Similarly, congestive heart failure due to cardiac anomalies or dehydration may also lead to renal
ischemia. Neonatal intensive care admission with volume expansion will rapidly reverse prerenal renal failure.
Oligohydramnios is usually present in infants with anuria or oliguria due to postrenal causes.

A term infant in the neonatal intensive unit has multiple unsuccessful attempts at umbilical artery
catheterization. Consultation is requested 24 hours later for apparent new-onset neonatal ascites. What is
the likely diagnosis and recommended treatment?

Urachal laceration due to attempted umbilical arterial catheterization is the most common cause of neonatal
intraperitoneal bladder rupture. Evaluation should consist of a VCUG and possibly a diagnostic paracentesis.
While management may be conservative for most cases of neonatal ascites, initial operative management is
recommended in cases of intraperitoneal bladder rupture.

A 1300-g preterm infant is being treated for respiratory distress syndrome (RDS) in the NICU. Abdominal
x-rays reveal bilateral 0.7 mm renal stones. What is the etiology of this condition?

Furosemide, commonly used in the treatment of RDS and other conditions common to premature infants in
the NICU setting, is associated with nephrolithiasis. Furosemide causes a hypercalciuric state with a secondary
increased resorption of calcium in the proximal tubule and subsequent renal stone formation. Excessive calcium
and glucose intake in specialized formulas for premature infants is another recognized cause of neonatal
nephrolithiasis.
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A premature infant in the NICU with a patent ductus arteriosus receives furosemide at 2 mg/kg/d for
4 weeks. An abdominal x-ray reveals bilateral nephrocalcinosis. What is the most appropriate treatment?

Furosemide-induced renal parenchymal stone disease rarely requires surgical intervention. The administration of
hydrochlorothiazide, reduced calcium intake, and cessation of furosemide therapy often results in resolution of
nephrolithiasis. Nephrocalcinosis may be followed with serial sonography. A baseline calcium-to-creatinine ratio
of less than 0.2 portends a higher rate of resolution. In cases of discrete massive calculus formation, shock wave
lithotripsy or open surgical intervention may be warranted.

Umbilical artery catheterization is performed on a premature infant in the NICU. Twenty-four hours later,
the infant has gross hematuria and hypertension. The hypertension is refractory to aggressive medical
management. What is the diagnosis and the most appropriate treatment?

A recognized complication of umbilical artery catheterization is renal artery thrombosis, either alone or as

part of an extensive aortoiliac thrombus. The clinical diagnosis can be confirmed by Doppler sonography and
radionuclide imaging, if necessary. Management is dependent on the clinical setting, and unilateral involvement is
best managed expectantly, although thrombolytic therapy may be appropriate. Control of hypertension is the most
important aspect of management and occasionally requires nephrectomy, as in this life-threatening case.

A 38-week gestational age male infant is delivered following prolonged labor with meconium aspiration.
Aggressive resuscitation efforts are successful. On day 3 of life, an abdominal mass is palpated on the right
side. What is the likely sonographic finding, and what is your diagnosis?

Sudden increases in intra-abdominal pressure during prolonged labor may result in adrenal hemorrhage with

the observed physical findings. Adrenal hemorrhage typically involves the right adrenal gland, and sonographic
findings initially demonstrate a hyperechoic or solid mass over the superior pole of the kidney. With time, the
lesion may become hypoechoic and decrease in size. This finding should not be confused with neuroblastoma, the
most common adrenal malignancy of infancy, which typically has a solid appearance on sonography but may be
cystic or have a mixed echogenic pattern.

A 39-week-old term infant has a firm right scrotal mass at birth. The mass is painless and does not
transilluminate. The overlying skin is erythematous and indurated. What is the most likely cause, and what
other entities should be considered in the differential diagnosis?

The most common cause of a scrotal mass at birth is testicular torsion. The differential diagnosis for the described
presentation includes hydrocele, incarcerated inguinal hernia, scrotal hematoma, tumor, meconium, trauma, and
more rarely ectopic spleen or adrenal tissue.

Neonatal testicular torsion is extravaginal, since the tunica vaginalis is not adherent to the surrounding dartos
fascia of the scrotal wall until 4 to 8 weeks of age. Torsion in the neonate, therefore, involves the testis, spermatic
cord, and overlying tunica vaginalis. In the adolescent, the tunica vaginalis is fixed to the dartos fascia; therefore,
testicular torsion is intravaginal.

An infant with a firm scrotal mass at birth is diagnosed with testicular torsion. The infant is
hemodynamically stable, and the contralateral testis is normal. Is surgical exploration and detorsion
with orchidopexy necessary?

It is well known that successful testicular salvage in the event of neonatal testicular torsion is exceedingly rare.
Exploration with an intent of salvage alone is not justified. The role of scrotal exploration with contralateral
testicular fixation due to the potential for asynchronous torsion until the tunica vaginalis adheres to the scrotal
wall remains controversial. Clearly, however, if bilateral torsion is suspected, then exploration despite the low
incidence of salvage is necessary.
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A term male infant is admitted to the intensive care unit immediately postpartum with hypotension
and tachycardia. Physical examination is remarkable for a penis of only 1.5 cm stretched penile length.
The external genitalia are otherwise normal. Electrolyte studies reveal hyponatremia, hyperkalemia, and
hypoglycemia. What is the most likely diagnosis, and how must the infant be treated?

This critically ill infant with obvious micropenis (penile length 2.5 standard deviations below the mean or less
than 2.0 cm in a newborn male) must be evaluated for panhypopituitarism. Following intravenous glucose
and electrolyte replacement, serial serum glucose, sodium, and potassium evaluations are necessary. Serial
gonadotropin and testosterone measurements from birth through 3 months of age will eventually document a
neonatal luteinizing hormone (LH) surge in normal infants.

On initial examination, a term infant has left-sided cryptorchidism and a midshaft hypospadias. What is
the incidence of a disorder of sexual development (DSD) in this patient?

Phenotypic males with cryptorchidism and hypospadias are estimated to have a 20% to 30% incidence of DSD.
Similarly, male phenotype with bilateral nonpalpable testes and perineal hypospadias alone should initiate an
investigation for DSD.

What familial risk factors increase risk of DSD in infants?

Most DSD result from autosomal recessive inheritance, and inquiry regarding siblings with abnormal
genitalia, infant death, or abnormal events at puberty is necessary. Maternal ingestion of androgenic
medication (eg, Danazol), progestational agents, or drug abuse should also be carefully investigated.

A term infant with severe hypospadias and unilateral cryptorchidism is suspected of having DSD. What is
the most common DSD with this presentation?

The most common DSD in patients with severe hypospadias, a testis on one side, and a nonpalpable
undescended testis is mixed gonadal dysgenesis. This patient likely has a testis on one side and streak gonad
on the contralateral side.

Physical examination of a 37-week-old infant shows a hypertrophied clitoris and partially fused, rugated
labioscrotal folds. The karyotype is 46 XX. What is the diagnosis and the most likely cause?

The infant likely has a 46 XX DSD, previously referred to as “female pseudohermaphrodite.” This group
constitutes 60% to 70% of all DSD in the neonatal period. Congenital adrenal hyperplasia (CAH) is the most
likely cause in patients with a 46 XX DSD.

An infant is suspected of having CAH. What life-threatening condition must be considered, and how
is it diagnosed?

A potentially lethal metabolic consequence associated with DSD is the salt-wasting form of CAH, which does

not typically manifest in electrolyte disturbances until 1 to 2 weeks postnatally. Therefore, the etiology of DSD
must be determined prior to discharge. CAH results from 21-hydroxylase deficiency in 95% of cases. The more
common form leads to virilization and aldosterone deficiency in three-fourths of patients, while virilization alone
is present in approximately one-fourth of patients with 21-hydroxylase deficiency. Salt wasting may also be present
in patients with the much rarer causes of CAH, including 11B-hydroxylase deficiency (5% of patients with CAH,
salt wasting less common) and 33-hydroxysteroid-dehydrogenase deficiency (less than 1% of patients with CAH,
almost always manifests with salt wasting).
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A 2-week-old infant is brought to the emergency department with profound hypotension and
hyperkalemia. Genital examination demonstrates virilization. What treatment should be administered?

The salt-wasting form of CAH should be suspected and must be aggressively treated initially with a bolus infusion
of 20 mL/kg normal saline. Cortisol replacement is started with a hydrocortisone sodium succinate bolus at

50 mg/m’ followed by an infusion of 50 to 100 mg/m” added to intravenous fluids. For this critically ill infant,
deoxycorticosterone (DOCA) at 1 to 2 mg should be injected intramuscularly every 12 to 14 hours.

A 1-week-old female infant is evaluated in the emergency department for failure to thrive. Physical
examination reveals hypertension and virilization of the genitalia with hypertrophy of the clitoris. An
arterial blood gas sample is consistent with metabolic acidosis, and the potassium level is 6.5 mg/dL. What
is the most likely diagnosis?

CAH resulting from 11B-hydroxylase deficiency is most consistent with this presentation and constitutes

5% of cases of CAH. A deficiency at this enzymatic level results in accumulation of 17-hydroxyprogesterone
and androgens as well as the potent mineralocorticoid DOCA. Hyperkalemic acidosis and hypervolemia with
hypertension are presenting features.

An uncircumcised male infant is referred for a clean-catch urine culture revealing 50,000/mL Staphylococcus
epidermidis. Is a VCUG indicated?

Further evaluation in this child should not commence until a repeat culture is obtained using urine specimen
collected in another manner. While plastic bag collected urine cultures are useful if negative, a confirmation must
be sought with a catheterized specimen or suprapubic aspirate. If, however, a single organism with a colony count
greater than 100,000/mL in a symptomatic infant is obtained even when collected by a plastic bag, the infant
should be treated for UTT.

A 32-week-gestation neonate is found to have candiduria on 2 successive urine cultures. He is voiding
spontaneously, and his renal/bladder sonogram is normal. What is the most appropriate therapy?

Parenteral fluconazole. Candida is the most common cause of nosocomial fungal UTIL. Indwelling intravascular
catheters and broad-spectrum antibiotics increase the incidence of candidal infection, particularly in premature
low birth weight infants. Aggressive parenteral treatment is required due to a high incidence of subsequent
candidemia occurring in 25% to 85% of neonates with candiduria. Fluconazole is the treatment of choice in
premature infants due to significantly fewer side effects when compared to amphotericin. If hydronephrosis and
fungus balls are present in the collecting system, percutaneous drainage and irrigation with antifungals may be
needed.

A 10-day-old infant boy is hospitalized for failure to thrive. After his umbilical stump fell off, fluid has
intermittently drained from the umbilicus. The umbilical fluid has a creatinine of 10 mg/dL and grows
>10° cfu/mL of E. coli. What is the next step?

Antibiotics and VCUG. The differential diagnosis of a wet umbilicus in the infant includes patent urachus,
omphalitis, simple granulation of the healing stump, patent vitelline or omphalomesenteric duct, infected
umbilical vessel, and external urachal sinus. An elevated creatinine level in the fluid draining from the umbilical
stump suggests a patent urachus. A VCUG will confirm the diagnosis and fully evaluate possible coexisting
bladder outlet obstruction.
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An infant is found to have an imperforate anus on newborn examination. What urologic evaluation should
be performed?

Urologic anomalies are frequently found in patients with anorectal malformations. Urologic abnormalities are
present in 60% of patients with anorectal lesions occurring above the levator muscles (“high” lesions) and in
20% of patients with lesions below the levator muscles (“low” lesions). Rectourethral fistula is present in 25%

of all patients with imperforate anus and is found much more commonly in those with high lesions. When a
rectourethral fistula exists, urine can flow into the colon leading to electrolyte resorption and recurrent UTIs even
after diverting colostomy. Other urologic findings include VUR, neuropathic bladder, renal agenesis or dysplasia,
and cryptorchidism. Evaluation should include renal-bladder sonography, VCUG, and urodynamic evaluation in
patients with high lesions or those with spinal abnormalities.

A healthy newborn boy has bilateral Grade 4 VUR. What is this most commonly associated with?

VUR in newborn boys is commonly associated with an infantile filling/voiding pattern characterized by high-
grade reflux and associated with uninhibited detrusor contractions during filling, high pressure voiding due to
elevated outlet resistance, detrusor-sphincter dyssynergy, and high postvoid residuals. Compliance and contractility
are usually normal in these boys. These patients are best managed with prophylactic antibiotics and observation.

In most cases, the VUR will resolve as neuro-urologic maturation occurs during the first year of life.

A 2-month-old uncircumcised boy with a sacral dimple undergoes evaluation of a febrile UTL. Sonography
shows bilateral hydronephrosis and a conus medullaris at the mid aspect of L4. VCUG shows bilateral
Grade IV reflux, slight beaking of the bladder neck, and a normal urethra. What is the next step?

A cystometrogram (CMG) would be the next step. This infant has a compromised urinary tract, and a neurogenic
cause must be considered. Spinal ultrasound is a convenient method of screening in the neonatal period. The
conus normally ends above L2. Given this patient’s low conus, a CMG would be important to assess filling and
storage pressures.
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A normal 7-year-old boy suddenly develops daytime urinary frequency every 20 minutes without
incontinence. His symptom is limited to daytime only, and no enuresis was reported. Medicosurgical
history, physical examination, urinalysis, and brief ultrasound of the kidneys and bladder are normal.
What is the most appropriate management option?

The daytime urinary frequency is a benign, yet extremely common condition, which occurs in otherwise normal
children who have no associated daytime incontinence or nighttime symptoms. The etiology is generally unknown
and a conservative approach is not unreasonable. Symptoms quite often occur in association with psychological
stress or environmental changes. It usually resolves in 2 to 4 months and is characteristically unaffected by
anticholinergic drugs. However, urinalysis should be performed for the differential diagnosis of symptomatic
cystitis.

An otherwise normal 6-year-old boy wets his bed 2 or 3 times a week at night. He has no urinary symptoms
during the daytime. What is the most likely cause of his nocturnal enuresis?

Primary nocturnal enuresis can be multifactorial but is commonly explained to occur from nocturnal urine output
that is in excess of the bladder reservoir capacity during sleep at night. Nocturnal polyuria, whether it is absolute
in association with deranged antidiuretic hormone secretion or relative due to reduced functional bladder capacity
during sleep, results in a mismatch between urine production and nocturnal bladder capacity. Decreased arousal to
the sense of bladder fullness during sleep is also considered as one of the causes.

Urinary overproduction in enuretic children would be due to what?

Abnormal circadian secretion of vasopressin.
Increased natriuretic factor secretion.

Increased dietary sodium.

Defect in renal aquaporin-2 receptors in the kidney.

What percentage of nocturnal enuresis patients have a significantly smaller functional bladder capacity than
age-matched normal children?

Approximately 20%. Functional capacity meaning that the bladder is not anatomically small, but tends to contract
before it is full.
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What percentage of nocturnal enuresis patients have a problem with arousal from sleep?

Approximately one-third. Enuretic children are universally regarded as deep-sleepers who do not wake up in
response to bladder distension or detrusor contractions which are strong arousal stimuli. This high arousal
threshold may have brainstem explanations or may be caused by chronic arousal stimuli itself.

True/False: Treatment of nocturnal enuresis with overactive bladder with an anticholinergic is no better

than placebo.

True. But adding an anticholinergic to other remedies in difficult cases may be helpful. A buzzer alarm alone will
cure approximately two-thirds.

A 7-year-old boy has been taking imipramine for 3 months due to enuresis. What is the most potent
pharmacologic effect of imipramine on the lower urinary tract?

The antienuretic mechanism of tricyclic antidepressant imipramine is not absolutely clear, but it is most likely
linked to noradrenergic action in the brainstem. Its actions in the urinary tract are direct inhibition of bladder
smooth muscle, and analgesic effect. Imipramine is only considered in severely therapy-resistant individuals due
to the relatively high rate of side effects and the potential for overdose.

True/False: A 4-year-old boy with nighttime bed wetting should be actively evaluated and treated for enuresis.

False. The diagnosis of enuresis can only be made after 5 years of age.

A 6-year-old girl has been suffering from marked urinary frequency and urgency for 2 weeks. Physical
examination is normal, and her urinalysis and culture are normal. The next step should be?

Observation. In the case of a pediatric benign condition, evaluation should be minimal if no significant
complication is eminent. In most cases, spontaneous improvement is the rule.

The mother of a 5-year-old boy who still wets his bed at night was concerned about the chance of recovery
by the age of 15. What is the percent of recovery you can tell this mother?

Ninety-nine percent.

The parents of a 6-year-old girl who still wets her bed at night tell the pediatrician that her older brother
was also an enuretic. What percentage of children at age 5 are enuretic?

Approximately 15% of normal children will still wet at night at 5 years of age. Enuresis is defined as an
involuntary discharge of urine. The term is often used alone, imprecisely, to describe wetting that occurs only

at night during sleep. It is more accurate, however, to refer to nighttime wetting as nocturnal enuresis and to
distinguish it from daytime wetting or diurnal enuresis. The age at which enuresis becomes inappropriate depends
on the statistics of developing urinary control, the pattern of wetting, and the sex of the child. Nocturnal enuresis
occurring after the age of 5 or by the time the child enters grade school is generally considered a cause for concern.

‘What is the spontaneous resolution rate for nocturnal enuresis without treatment?

The spontaneous resolution rate is approximately 15% per year.
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Parents of an infant boy are curious about enuresis, since both of the parents were enuretic themselves.
What percentage of patients with nocturnal enuresis have a positive family history for the same condition?

Between 50% and 75%.

What is the first event in the development of bowel and bladder control?

In terms of continence, children develop nocturnal bowel continence before daytime bowel or bladder continence.
The enuretic seldom exhibits an abnormality in bowel function or bladder function during the day and control

of bladder function at night is the last event to occur. The usual sequence of development is (1) nocturnal

bowel continence, (2) daytime bowel continence, (3) daytime bladder continence, and (4) after several months,
nocturnal control of bladder function.

A pediatrician consulted urology for a urodynamic evaluation of a 6-year-old boy with primary nocturnal
enuresis. What is the finding you are most likely to find?

It is stated that many enuretic children wet their beds not because their bladders are full, but because they suffer
from nocturnal detrusor overactivity. There is great overlap between nocturnal enuresis and urgency or urge
incontinence. Ambulatory cystometries of children with therapy-resistant enuresis provide direct proof of this
overlap. A significant proportion of children with severe nocturnal enuresis show a marked reduction in functional
bladder capacity when compared with age-matched controls. This may be related to the high prevalence of
underlying bladder dysfunction, particularly of detrusor overactivity at night, in enuretic children. It has also been
shown that other types of bladder dysfunctions, notably dysfunctional voiding and marked detrusor overactivity
with extremely high voiding pressure suggestive of an obstructive pattern, are not uncommon in enuretic children.

An otherwise normal 6-year-old boy wets his bed 2 or 3 times a week at night. What may be some of the
contributing factors in his condition?

Enuresis is caused by nonorganic disturbances affecting normal development, such as social factors and stress,
which can modify urinary control. An increased prevalence of enuresis has been found in children from deprived
environments and retardation in skeletal maturation, which may reflect delayed maturation of regulatory central
nervous system functions.

True/False: Nocturnal enuresis is generally considered a sleep disorder.

False. It has been proposed that enuresis is a sleep disorder, but recent studies indicate that although objective
arousal thresholds are high in enuretics, the sleep electroencephalogram (EEG) of enuretic children is not
necessarily different from that of dry children.

Enuretic children are known to have normal bladder capacity under anesthesia, but exhibit decreased
functional capacity. What is the predicted average bladder capacity in an 8-year-old boy and what is the
formula used to estimate pediatric bladder capacity?

The most widely accepted formula for the predicted bladder capacity in children is:
Bladder capacity (mL) = [age (years) + 2] X 30.

Thus, if a child is 8 years old: (8 + 2) X 30 or 300 mL.

However, bladder capacity (mL) = 30 + [age (years) X 30] is also used.
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A 6-year-old boy with enuresis, frequency and urgency, uninhibited detrusor contractions, and decreased
functional capacity had been taking various remedies for his enuresis. After a thorough evaluation of his
condition, the physician recommended anticholinergics. For which of his conditions has anticholinergic
therapy proven most effective?

Anticholinergic therapy has the greatest chance of success in the child with signs of detrusor overactivity such as
low daytime volume, urgency, and urge incontinence. However, constipation and residual urine must be checked
before starting any anticholinergic medication.

A 6-year-old boy had been taking various remedies for his enuresis. He has evidence of bladder
hyperactivity, frequency and urgency, detrusor instability, day and night incontinence, as well as nocturnal
enuresis. For which of his conditions has anticholinergic therapy been proven most ineffective?

Nocturnal enuresis. Anticholinergic drug therapy has been effective for enuresis in only 5% to 40% of patients.
However, since anticholinergics eliminate uninhibited bladder contractions and increase bladder capacity, this therapy
may be effective selectively for enuretic patients with symptoms of bladder hyperactivity, such as urgency, frequency,
and day and night incontinence, while it is most effective in patients with proven uninhibited bladder contractions.

Is limiting fluid intake before bedtime a reasonable first step in controlling enuresis?

The first step can be nighttime fluid restriction, which can minimize the nocturnal urine output. Simply limiting
fluids to reduce urine output is not generally effective. However, the importance of antidiuretic hormone (ADH)
levels is now elucidated. Measurements of urinary and serum ADH demonstrate an absence or reversal of the
normal circadian rhythm in enuretics who have lower than normal excretion of nocturnal ADH > desmopressin
(DDAVP), a synthetic analog of ADH, became available. It has an effect lasting 7 to 10 hours. DDAVP has been
shown to be more effective than placebo in treating enuresis, with effective rates up to 60%, especially in older
children. Patients on DDAVP are 4.5 times as likely to say dry overnight as controls. Limitations are the relatively
high cost of the drug and the potential for recurrence upon discontinuation.

An 8-year-old boy had been taking imipramine before camping for 2 years and is very satisfied. How does
imipramine work in controlling enuresis and would you expect imipramine to have an antidepressant effect
at antienuretic doses?

Imipramine taken at antienuretic doses will have impact on REM and light NREM sleep. It will also have
anticholinergic effects as well as change the sympathetic input to the bladder, but there will not be any
significant antidepressant action. The medication is known to be a weak anticholinergic agent with direct
antispasmodic activity, alpha sympathetic inhibitory action, and norepinephrine reuptake inhibition.

How well does imipramine work in the treatment of enuresis and how frequently is it used?

Imipramine, a tricyclic antidepressant, is the most widely used antienuretic agent worldwide, but it’s currently
recommended only as a secondary agent in the United States. Enuresis can be eliminated in more than 50%

of children and will be improved in another 15% to 20%; however, up to 60% of patients will relapse upon
discontinuation. Its peripheral effects increase bladder capacity by (1) weak anticholinergic activity (ineffective in
abolishing uninhibited detrusor contractions); (2) direct antispasmodic activity (not apparent at clinically effective
antienuretic doses); and (3) complex effect on sympathetic input to the bladder (prevents norepinephrine action
on alpha receptors and enhances its effect on beta receptors by inhibiting norepinephrine reuptake). Imipramine’s
effects on the central nervous system include its antidepressant activity and its action on sleep. Imipramine
significantly alters sleep patterns by decreasing the time spent in REM sleep and increasing the time spent in
light NREM sleep. It is unlikely that the effect of imipramine against enuresis is related to antidepressant activity,
because such an effect requires much higher dosages and its onset would be significantly delayed.
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What is the most effective treatment for enuresis currently available?

Management of enuresis has been divided into pharmacologic therapy and behavior modification. Behavioral
modification has been quite successful, but only for the very motivated parents and child. Bladder training was
developed to increase functional bladder capacity, but has not seen much success. Another method of alternative
behavior modification is responsibility reinforcement, such as reward and motivation. This also requires active and
willing participation of the child to succeed.

It has been reported that the most effective therapy of treating enuresis is conditioning therapy, as in the bell
alarm (buzzer alarm) method. Superior results have been reported with this method compared to other forms of
behavioral therapy, as well as pharmacologic therapy with DDAVP. Imipramine is used as a second-line therapy.

A 20-year-old army recruit was referred to an Army hospital after his confession of enuresis. He had not
been free of bed-wetting throughout his life. What advise can you give him regarding diet to help minimize
his problem?

This patient has primary nocturnal enuresis. Enuresis is found in approximately 1% of the adult population,
often with overt abnormalities on urodynamic studies such as uninhibited bladder activity. The extent of the
investigation is usually more thorough than those carried out in younger enuretics. Cessation of compounds that
might increase nocturnal urine output, such as caffeine, and behavioral modification, such as nighttime fluid
restriction, should be strongly advised before recommending other forms of treatment.

A 6-year-old girl is being evaluated for both nocturnal and diurnal enuresis. Workup with history and
physical examination, neurologic examination, urinalysis, and urine culture are normal. What is the next
appropriate step?

Most children with enuresis do not have a definite lesion. A careful history, physical examination, and urinalysis
with culture are needed for all children with bed-wetting and are usually sufficient. In patients with diurnal
enuresis, normal history and physical examination, no evidence of neuropathy and a negative urine examination,
the urinary tract anatomy should be screened. This can be accomplished noninvasively and satisfactorily with an
ultrasound examination of the kidneys, ureters, and bladder before and after voiding.

A 7-year-old girl with urgency and diurnal incontinence wets her bed about 3 times a week. Workup
with history and physical examination, neurologic examination, urinalysis, and urine culture are normal.
Radiographic imaging studies including abdominal ultrasonogram and voiding cystourethrogram are
negative. What is the primary treatment?

Diurnal enuresis occurs in 5% of 7-year-old children. In most children, the underlying problem is infrequent
voiding. Timed voiding programs alone will be successful in the majority of children, but require several months
to be effective. Anticholinergics such as oxybutynin can be tried along with timed voiding.

A 6-year-old girl with diurnal enuresis also has severe constipation and fecal soiling. However, radiographic
studies of her spine and neurologic examination are normal as well as urinalysis and no residual urine is
noted. What is the most appropriate treatment?

This girl presents typical findings of dysfunctional elimination syndrome. It has been observed that a large

fecal impaction may induce significant detrusor instability and other bladder dysfunctions, which in turn will
result in urgency, urinary tract infection (UTI), and reflux. A high incidence of enuresis in children with UTIs
and constipation has been reported. The evidence available so far strongly suggests that there is an important
relationship between constipation, detrusor instability, reflux, UTIs, and enuresis. With neurologic abnormalities
and UTT ruled out, timed voiding along with treatment of constipation can improve not only fecal soiling but
also diurnal enuresis. Anticholinergics in this condition are not recommended as they are likely to aggravate
constipation and may cause UTTs.
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A 4-year-old girl who is toilet-trained complains of urinary incontinence. She says her underwear becomes
wet right after she finishes voiding. What is the most likely diagnosis?

The most likely diagnosis is vesicovaginal reflux. This best describes postvoid dribbling, which is typically when
urine gets trapped in the vagina during voiding and dribbles out soon after standing in otherwise normal toilet-
trained girls with no other associated urinary symptoms. Vesicovaginal reflux itself is harmless and tends to resolve
with age, but it can create a damp environment prone to infection. Therefore, the child may be taught to empty
her vagina by simply voiding with her thighs apart and leaning forward after voiding before getting up.

‘What percentage of secondary nocturnal enuresis is due to psychological factors and what specific disorder
is involved most often?

Secondary enuresis defined as reoccurrence of enuresis after at least 6 months of symptom-free period is related
to psychological factors in about 50%, usually anxiety provoking factors. However, enuretic children suffer from
low self-esteem as long as they wet their beds. Enuresis is more common among children with neuropsychiatric
disturbances, such as attention deficit hyperactivity disorder (ADHD). Approximately 15% among children with
enuresis have ADHD and vice versa.

How significant is the benefit of treating the psychological factors to improving the outcome over just
treating the nocturnal enuresis directly?

There is no significant proven benefit in treating the underlying anxiety disorder compared to just treating the
enuresis.

‘What percentage of children with ADHD also have nocturnal enuresis and is it reasonable that they would
occur together?

Approximately 15% of ADHD cases also have enuresis. Both problems are believed to involve the same brain stem
area abnormality, so it’s likely they would occur together.

‘What percentage of ADHD children with nocturnal enuresis will have urodynamic evidence of overactive

bladder dysfunction?
Approximately 50%.

Overactive bladder associated with nocturnal enuresis responds best to which therapy?

Enuresis alarm behavioral therapy works best, except in children who also have ADHD.
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What structure undergoes condensation and shortening to promote descent of the testis?

The gubernaculum anchors the testis to the genital region condenses to allow descent.

How many attachments does the gubernaculum have and what are they called?

The gubernaculum typically has 5 attachments, which are called slips.

What transcription factor is associated with testicular descent from the abdominal cavity to the inguinal
canal (transabdominal)?

INSL3 (insulin-like 3) is expressed by testicular Leydig cells. Production of this protein rises in the second
trimester of gestation and works in conjunction with testosterone to promote testicular descent.

What transcription factor is critical for gonadal differentiation toward the male lineage?

SRY (sex determining region on the short arm of the Y chromosome), also known as the testis determining
factor (TDF). SRY directly binds to specific DNA loci and regulates the differentiation of the bipotential gonad
toward testicular development. Thus far, the SRY protein is considered the “master switch” that initiates testicular
development.

What happens if the TDF is not expressed or mutated in a genotypic male (46 XY)?

The bipotential gonad differentiates toward the ovarian lineage. Sertoli and Leydig cells do not form; Mullerian
inhibiting substance (MIS) and testosterone are not produced. Thus, Mullerian duct development is promoted
and Wolffian duct development is suppressed.

At what time point in fetal development does the gonad differentiate to become a testis or ovary?

Between the 6th to 8th week of gestation, the indifferent (bipotential) gonad differentiates into either a testis or an
ovary.
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What cell type is responsible for producing MIS?
The fetal Sertoli cells produce MIS.

‘What soluble factor superfamily does MIS belong to?
Transforming growth factor beta (TGFB).

Which active steroid hormone is important for Wolffian duct induction and proliferation?

The presence of testosterone results in the proliferation of the Wolffian duct system and the development of the
efferent ductules, rete testis, epididymis, vas deferens, and seminal vesicles.

‘What enzyme converts testosterone into dihydrotestosterone (DHT)?

The conversion is mediated by 5-alpha-reductase.

How does DHT influence male sexual development?

DHT is the active form of testosterone that induces virilization of the genitals. DHT influences the elongation
of the genital tubercle to form the penis, tubularization of the urethra, and fusion of the labioscrotal folds.

MIS suppresses the development of which female reproductive structures?

MIS prevents the development of the oviduct, uterus, cervix, and upper third of the vagina.

What is the most common cause of disorders of sexual development (DSD) in children in North America
and Europe and how common is it?

The most common cause is Klinefelter syndrome (incidence in the United States is approximately

1:500 live births).

What physical findings are most suggestive of disorders of sexual development (DSD)?

Ambiguous genitalia; nonpalpable gonads and severe hypospadias.

What laboratory tests are most often used to confirm the presence of congenital adrenal hyperplasia?

The most appropriate tests include fluorescence in situ hybridization (FISH) or karyotype analysis, and plasma
17-hydroxyprogesterone >500 mg/dL.

‘What are the 2 most common enzyme defects resulting in congenital adrenal hyperplasia?

21-hydroxylase deficiency (90% of cases) and 11-beta hydroxylase deficiency (5% of cases). Both enzyme defects
result in elevated plasma levels of 17-hydroxyprogesterone. 11-beta hydroxylase deficiency specifically results in
elevated plasma levels of 11-deoxycortisol and 11-deoxycorticosterone.

What imaging studies are the most helpful in defining the anatomy associated with a DSD?

Use of the abdomino-pelvic ultrasound (to look for the presence of a uterus) and a fluoroscopic genitogram to
look for a vaginal connection to the urogenital sinus are extremely helpful.
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What is the typical appearance of a patient with complete androgen insensitivity syndrome (CAIS)
and why?

These patients appear as normal phenotypic females with normal development of secondary sexual characteristics.
Development of the external male genitalia does not occur due to the lack of androgen receptor activation.

What is the typical development of the internal genitalia in patients with CAIS?

On examination, these patients have a short, blind-ending vagina with no internal Mullerian duct structures.
Since MIS is present during embryogenesis, the Mullerian duct structures do not develop.

What is the most common demonstrable defect seen in patients with CAIS?

The most common finding is the absence of high-affinity binding of DHT.

What are the common clinical presentations that most often lead to the diagnosis of CAIS?

Primary amenorrhea (peripubertal) and female patients with bilateral inguinal hernias. Approximately
2% of females presenting with these findings will have CAIS. Females with clinically significant hernias
may benefit from vaginoscopy at the time of surgery to confirm the presence of a cervix.

What is the most common karyotype in patients with ovotesticular DSD (true hermaphroditism)?

The most common karyotypic finding is 46XX.

What are the most common gonadal malignancies associated with a dysgenetic gonad and the presence
of aY chromosome?

The most common malignancies are gonadoblastomas and dysgerminomas.

What is the most common karyotypic finding in Klinefelter syndrome?
One additional X chromosome (47, XXY).

What is the histopathologic finding in patients with pure gonadal dysgenesis?

Bilateral streak gonads and underdeveloped Mullerian structures are found.

During development, when does the gonad develop into a testis?

During the second month.

What is anti-Mullerian hormone (AMH)?
AMH is the same as MIS.

True/False: An ovotesticular DSD often has a degree of Wolffian development near the testicular tissue even
when joined to an ovary.

True. The gonad contains both ovarian and testicular elements. The paracrine effect of the testicular element on
the Wolffian duct results in the development of this tissue to varying degrees.
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The external genitalia of both sexes are identical through how many weeks of gestation?

Seven weeks.

What is the incidence of a DSD condition when 2 impalpable testes are found on examination?

Fifty percent.

Congenital adrenal hyperplasia is associated with what potentially lethal condition?

Salt-wasting nephropathy occurs in 75%. If not recognized, the resulting hypotension can cause vascular collapse

and death.

A perfectly normal-appearing, phenotypic male presents with an inguinal hernia on one side and an
impalpable testis on the other. Karyotype is 46XY. What DSD problem is most likely?

Isolated deficiency of MIS.

What is the controversy regarding management of CAIS?

Whether or not to leave the gonads in situ until the child completes pubertal development.
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What are the pathways and influences involved in normal micturition?

Voluntary control is exerted by the cerebral cortex by release of tonic inhibitory signals to the pontine micturition
center (PMC). The PMC initiates voiding by stimulation of parasympathetics at $2-S4 causing detrusor
contraction. The PMC also inhibits sympathetic fibers T11-L2 causing relaxation of the bladder neck and
proximal urethra. Finally, the PMC inhibits the somatic fibers of the pudendal nerve causing relaxation of the
external sphincter.

Neurogenic control of the bladder in infants is by what part of the central nervous system also known as the
primitive voiding center?

Sacral reflex center.

Where does the pudendal nerve originate?

Nucleus of Onuf. This nucleus is a collection of sacral somatic nerve cells that originate from the lateral border
of the ventral horn of the sacral spinal cord (S2-54).

Explain the functions of the pudendal nerve.

It controls the external urethral sphincter. The pudendal also innervates the penis as well as the ischiocavernosus
and bulbocavernosus muscles. The pudendal and pelvic nerves also receive postganglionic axons from the caudal
sympathetic chain ganglia.

Overstimulation of the pudendal nerve produces what urological problem?

Urinary retention.

What can cause overstimulation of the pudendal nerve?

Trauma to the suprasacral-infrapontine spinal cord.
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What cord segment is evaluated with the bulbocavernosus reflex?

This test evaluates the integrity of the $2-S4 segments.

Briefly summarize the parasympathetic innervation of the bladder?

Parasympathetic efferents originate from the pelvic nerves S2-S4. The ganglions are located near the organ and
the neurotransmitter is acetylcholine. The receptors are muscarinic (M2/M3) and stimulation results in bladder
contraction.

‘Where are the parasympathetic postganglionic neurons located?

In the detrusor wall as well as the pelvic plexus.

What is the most common type of muscarinic receptor in the bladder?

The M2 type is the most common type as it accounts for approximately 80% of the bladder’s muscarinic
receptors. Its exact function in the bladder is unknown, but it is thought to be involved with the neuromodulation
of bladder compliance. The M2 receptors are primarily cardiovascular where they help mediate heart rate and
cardiac output.

Which muscarinic receptor is most involved with cholinergic stimulation of the detrusor?

M3, even though it only represents about 20% of the total muscarinic receptors in the bladder. M1 receptors
are primarily located in the central nervous system and salivary glands. They deal with cognition and saliva
production. This is why a selective M3 antimuscarinic agent should theoretically have fewer central nervous
system and dry mouth side effects than nonselective agents. The M5 receptors are primarily located in the ciliary
muscle of the eye.

‘What is the pathway of the sympathetic innervation of the bladder?

Sympathetic preganglionic nerves exit from the lumbar spinal cord to synapse in the sympathetic chain ganglia.
The postganglionic sympathetics then travel through the inferior splanchnic nerves to the inferior mesenteric
ganglia. They finally travel in the hypogastric nerve to the pelvic plexus and the urogenital organs.

What is the role of sympathetic innervation of the bladder and outlet?

Together they promote bladder storage via the hypogastric nerve (T10-L2). Alpha (bladder base and prostate) and
beta (bladder body) receptors exist on the bladder and alpha receptors are on the prostatic capsule. Beta activation
results in inhibition of muscle contraction. Alpha activation results in increased outlet resistance.

What types of afferent fibers exist in the bladder?
Mpyelinated (A8) and unmyelinated (C) axons.

How do they differ?

® A3 bladder afferents are finely myelinated axons located in the detrusor smooth muscle and sense bladder
fullness (tension).

® C bladder afferents have unmyelinated axons, are located in the detrusor mucosa, and most are
mechanoinsensitive (hence the term “silent C fibers”). These fibers can be recruited after injury/inflammation to
form new functional afferent pathways (becoming mechanosensitive) that can cause pain and urge incontinence.
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What is capsaicin?

A vanilloid, capsaicin stimulates and desensitizes unmyelinated C fiber axons to produce pain and release
neuropeptides. Resiniferatoxin (RTX) is an ultrapotent analog of capsaicin.

How is capsaicin involved with spinal cord injuries?

Although normal micturition is associated with myelinated A8 afferent fibers, after spinal cord injury a capsaicin-
sensitive unmyelinated C fiber-mediated spinal reflex may develop, resulting in detrusor overactivity (DO).

What is the distinction between the smooth and the striated urinary sphincters?

The smooth sphincter refers to a physiological rather than an anatomic sphincter. It is located at the smooth
musculature of the bladder neck and the proximal urethra. Control is involuntary. In contrast, the striated
sphincter is anatomic and includes the skeletal muscle surrounding the membranous urethra in men and the
middle segment of the urethra in females. This sphincter also includes the striated muscle surrounding the urethra
in both men and women. The outer portion of this sphincter is under voluntary control.

The rhabdosphincter contains what specific type of muscle fiber?

Striated, slow-twitch (type 1) muscle fibers.

Which neurotransmitter is involved in urethral smooth muscle relaxation during voiding?

Nitric oxide (NO) has been identified as the neurotransmitter responsible for urethral smooth muscle relaxation.
Pelvic parasympathetic nerves are responsible for mediating the release of NO.

According to Wein, what are the 3 factors necessary for (A) normal bladder and urine storage to occur, and
(B) normal bladder emptying to occur?

The factors necessary for urine storage:

1. Accommodation of urine at low pressure with appropriate sensation.

2. A closed outlet at rest and one that remains so with increases of intra-abdominal pressure.
3. No involuntary bladder contractions.

Requirements for normal emptying:

1. A contraction of adequate magnitude and duration.

2. Lowering of outlet resistance when this contraction occurs.

3. No anatomic outlet obstruction.

What is the guarding reflex?

A reflex pathway that functions during the filling phase. As the bladder fills with urine, low-level vesical afferent
activity via the pelvic nerve causes external sphincter contraction through somatic pathways. In turn, the somatic
afferents from the sphincter inhibit parasympathetic efferent signals suppressing bladder activity and allowing
urine to be stored in the bladder. It is thought that alterations in these primitive reflex pathways contribute to
neurogenic bladder dysfunction.
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What properties of the bladder allow for normal low pressure filling?

In general, the bladder contains viscoelastic properties that allow the bladder to maintain a low pressure of 10 cm
H,O throughout the filling phase. This property is known as compliance. Compliance (C) is defined as the
change in bladder volume divided by the change in intravesical pressure, C = AV/AP. Along with smooth muscle,
approximately 50% of the bladder wall contains collagen and 2% elastin. As the collagen content of the bladder
wall increases, the compliance decreases. Injury, denervation, and obstruction can all cause increases in collagen
content of the bladder wall.

‘What is the order of processes in micturition?

Afferent activity from the bladder activates the PMC, which first acts to inhibit the spinal guarding reflex.

The pudendal nerve mediates relaxation of the striated external sphincter. This is followed by relaxation of the
bladder neck/proximal urethra by sympathetic fibers from T11-L2. Almost simultaneously the detrusor contracts
and detrusor pressure rises via the S2-S4 parasympathetic efferents.

The first recordable event of the micturition reflex is?

Cessation of sphincter EMG activity.

Injury to which parts of the brain causes voiding dysfunction?

Voluntary voiding is dependent on intact neuronal pathways between the frontal cortex and the septal-preoptic
region of the hypothalamus as well as intact connections between the paracentral lobule and the brainstem. Injury
to these areas of the cortex results in increased bladder activity due to loss of cortical inhibitory signals.

How do bladder reflexes change from an infant to an adult?

It is important to remember that by definition the infant and the toddler will have DO. Children younger than
2 to 3 years of age lack the cerebral maturity to emit inhibitory signals to prevent voiding reflexes. As the infant’s
bladder fills with urine and reaches its functional capacity the bladder will reflexively contract and empty. These
neonatal pathways that cause detrusor overactivity do not disappear with age. They are, however, controlled by
higher cortical function that develops with age. Neurologic disease and advanced age can cause these primitive
reflexes to reemerge and cause urgency and urge incontinence.

Define “detrusor hyperreflexia” and explain how it differs from “detrusor instability.”

Detrusor hyperreflexia is defined as DO due to a disturbance of the neural control mechanisms. Without evidence
of a relevant neurological disorder, the term “detrusor hyperreflexia” cannot be used, and instead the term
“detrusor instability” is used.

What are the 3 hypotheses that explain DO?

1. Neurogenic—DO may arise from generalized, nerve-mediated excitation of the detrusor muscle from various
sources. Cerebral damage can reduce suprapontine inhibition. Spinal cord lesions can damage axonal pathways
allowing primitive spinal bladder reflexes to occur. New reflexes secondary to C fiber bladder afferent neurons
can disrupt normal sacral activity. Over time, sensitization of peripheral afferents in the bladder can trigger DO.

2. Myogenic—DO contractions result from a combination of an increased likelihood of spontaneous contraction
and enhanced propagation of activity between muscle cells. Patchy denervation commonly occurs in DO, which
can affect smooth muscle cell spontaneous contractions, and ultimately propagation over a wider area of detrusor.

3. Peripheral autonomous activitcy—This hypothesis suggests that increased bladder sensation results from
increased localized detrusor contraction and that DO is due to enhanced coordination of modular activity
through the myovesical plexus.
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What is overactive bladder (OAB)?

OAB is a symptomatic diagnosis that is usually secondary to DO. DO is a diagnosis that requires urodynamic
testing. The quantification of OAB symptoms should be by frequency—volume chart and validated questionnaires.

From cranial to caudal, explain how neurological lesions typically effect voiding dysfunction.

® (NS lesions typically result in detrusor hyperreflexia. Normally, the CNS inhibits reflex contraction of the
detrusor. Loss of this tonic detrusor inhibition (due to stroke, Parkinson disease [PD], multiple sclerosis
[MS], and brain tumors) results in DO with normal coordination of detrusor and sphincter, and normal
sphincter tone and sensation. (Please note MS can have ANY manifestation depending on the location of
the lesion.)

® DPontine micturition center (PMC)—Iesions above the PMC are described above, with coordinated DO. Below
the PMC, the detrusor and external urethral sphincter become uncoordinated, resulting in detrusor—sphincter
dyssynergia (DSD).

® Spinal cord lesions above S2 are upper motor neuron (UMN) lesions and result in DSD. All spinal cord injuries
can result in spinal shock. Spinal cord injuries above T6 may result in autonomic dysreflexia.

® Neurological lesions below S2 can be due to spina bifida, MS, surgeries (APR), myelodysplasia, disc herniation,
and results in an acontractile detrusor, and therefore retention.

In addition to anticholinergic agents, which class of oral medications can be used to treat DO?

The sympathetic efferents that effect bladder function are known to cause detrusor relaxation during the filling
phase of the micturition cycle. It has been shown that 3-3 adrenoceptor activation leads to detrusor relaxation.
Therefore, a B-3 adrenoceptor selective agonist drug can be used to prevent detrusor activity.

What are the side effects and precautions in using this class of medication? Can it be used together with
anticholinergics?

Mirabegron (Myrbetriq) is currently available. Side effects include an increase in blood pressure and there has been
an increased incidence of urinary tract infection (UTI) noted with its use so far. Special precautions involve an
increase in digoxin levels and 2D6 pathway issues. Use with anticholinergics is not currently recommended.

What is the bladder ice-water test?

A test that can be performed to check for the reemergence of primitive neonatal voiding reflexes. It is performed
by instilling 100cc of sterile normal saline at 4°C in the bladder. In a normal adult a cold sensation will be felt but
there will be no bladder instability. In an infant, or in an adult with voiding pathology, the cold saline will induce
an involuntary detrusor contraction. The reflex is initiated by temperature-sensitive receptors that are supplied by
unmyelinated c-fibers afferents.

The sacral spinal cord begins at what level and ends at which spinal cord level?

It is important to distinguish between spinal column segment (bone level) and the corresponding cord level. The
sacral spinal cord actually begins at the column level of T12-L1. It terminates as the cauda equina at spinal column
level L2.

After the cerebral shock phase wears off, what type of bladder condition is found most often?

Detrusor hyperreflexia with coordinated urethral sphincter activity. This occurs because the PMC is released from
cerebral inhibitory control. Clinically, this causes frequency, urgency, and urge incontinence.
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How is the above situation treated?

Foley catheter or intermittent catheterization during cerebral shock phase. Anticholinergic medications afterward.

Spinal shock typically lasts how long?
6 to 12 weeks.

What is the voiding pattern observed in a complete cord injury above the sacral reflex?

Most commonly, these lesions result in urge incontinence from detrusor hyperreflexia, absent sensation below the
level of the lesion, smooth sphincter synergy, and striated sphincter dyssynergia. Lesions above the sympathetic
outflow tract T7 or T8 (spinal column level of T6) may also result in smooth sphincter dyssynergia.

A diver suffers from a complete spinal cord injury at the level of T8. What pattern of voiding would be
expected immediately following the accident?

The immediate result is a period of spinal shock. There is generally bladder areflexia and acontractility. Some
EMG activity may be present at the external sphincter, but there is no voluntary control. Urinary retention is the
most common finding initially, and is typically managed with a Foley catheter. The areflexic period generally lasts
6 to 12 weeks, but may persist up to 1 to 2 years.

A construction worker falls from a rafter on the job site and suffers a sacral spinal cord injury. After spinal
cord shock has resolved, what are his expected neurological and urodynamic findings?

In general, the patient can be expected to have depressed deep tendon reflexes with varying degree of flaccid
paralysis below the level of the complete lesion. Detrusor areflexia with normal or high bladder compliance is
the norm. Classically, the bladder outlet is found to have a competent but nonrelaxing smooth sphincter with
a striated sphincter that retains some fixed tone, but is not under voluntary control.

How would you manage the patient in the above question?

The main goal of treatment is to maintain low bladder storage pressures to prevent upper tract damage
from occurring. This is best achieved with the use of CIC in patients who have the dexterity necessary for
self-catheterization.

Which drugs have been used to treat outflow obstruction at the level of the striated sphincter?

Baclofen, benzodiazepines, and dantrolene have all been investigated for their efficacy in treating outlet
obstruction secondary to a tonically closed striated sphincter. Unfortunately, none of these medications have been
shown to satisfactorily inhibit sphincter spasticity.

What percent of patients with spinal cord injury have vesicoureteral reflux (VUR)? What contributing
factors may influence this?

Reported incidence is 17% to 25%. Contributing factors include elevated filling and voiding pressures, as well as
infection. Potential treatments depend on the specific clinical circumstance and include pharmacotherapy, urethral
dilation, neuromodulation, deafferentiation, augmentation cystoplasty, or sphincterotomy.
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While performing cystoscopy on a patient with a high cervical cord injury, he develops hypertension,
flushing, sweating, headache, and bradycardia. What is the problem, what causes it and what should be
done to correct it?

This is a classic description of autonomic hyperreflexia. It arises from massive autonomic discharge in patients
with cord injuries above the sympathetic outflow tract (T6). Prevention is based on the use of spinal anesthesia
in susceptible patients and administering oral nifedipine (10 mg) 30 minutes prior to the procedure. Initial
management of symptoms is immediate withdrawal of the bladder stimulus, alpha blockade, and bladder
decompression with Foley catheter.

Who first described autonomic dysreflexia (aka hyperreflexia) and when?
Anthony Bowlby in 1890.

Can autonomic dysreflexia occur during the spinal shock period?

Usually not. It generally occurs only when reflexes begin to return.

Which patients are most at risk for autonomic dysreflexia?

Those with cervical injuries as well as those who have had this symptom complex previously and are known to be
prone to it.

What is the key symptom in a spinal cord injured patient that should alert caregivers to a possible
autonomic dysreflexia problem?

Sudden, severe headache should alert caregivers to the possibility of an autonomic dysreflexic episode.

Why is autonomic dysreflexia dangerous?

The combination of proximal (cranial) vasodilation with severe hypertension can cause a cerebral hemorrhage or
stroke if not recognized and treated quickly.

What is the level of spinal injury that can lead to autonomic dysreflexia?

Injuries at T6 or higher can lead to autonomic dysreflexia.

What is the rate of autonomic dysreflexia in individuals with a T6 or higher injury?
Usually about 50% to 90%.

Autonomic dysreflexia not caused by bladder distension is most likely from what cause?

Fecal impaction.

‘What immediate pharmacological therapy should be started in autonomic dysreflexia?

Immediate release nifedipine and nitroglycerine paste. The nifedipine should be the bite-and-swallow rather than
sublingual form.
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Is terazosin useful in the prevention of autonomic dysreflexia?

Yes, but other agents are preferred.

What diseases result in peripheral neuropathy resulting in urinary retention?

Diabetes, AIDS, polio, Guillain—Barre syndrome, tabes dorsalis, and pernicious anemia.

After a stroke, what percentage of patients develop acute urinary retention?

25%.

A female patient recently underwent surgery for rectal cancer and now presents with urinary complaints.
What surgery did she most likely have and what urinary complaints is she most likely to present with?
How often is such dysfunction permanent?

Radical pelvic surgery can cause collateral damage to the pelvic nerves resulting in vesicourethral dysfunction.
Voiding dysfunction after radical pelvic surgery is most commonly seen after abdominoperineal resection with a
reported incidence of 20% to 68%, but is also seen very commonly with abdominal hysterectomies, low anterior
resections, and proctocolectomies. Voiding dysfunction is permanent in approximately 15% to 20% of these
patients. Urodynamics typically show an areflexic bladder with obstruction secondary to a sphincter with a fixed
tone not subject to voluntary relaxation. The bladder neck is often open and nonfunctional. Patients also typically
present with urinary incontinence due to overflow incontinence.

Describe the effects on voiding following a cerebrovascular accident.

The effects on micturition are divided into acute and long term. The initial period of shock may be associated
with urinary retention secondary to detrusor areflexia. The most common long-term sequela is detrusor
hyperreflexia. Sensation and compliance are generally intact.

What effect does Alzheimer disease (AD) have on voiding?

Alzheimer dementia involves the loss of gray and white matter in the frontal lobes. Incontinence may ensue and may
be secondary to detrusor hyperreflexia with voluntary sphincter activity or may be due to loss of awareness to void.

What is normal pressure hydrocephalus (NPH) and what urologic abnormality can be seen?

NPH is a condition typified by a rise in cerebrospinal fluid in the brain causing abnormally enlarged ventricular
size with a normal opening pressure on lumbar puncture. These patients often present with the classic triad of
dementia, ataxia, and urinary incontinence. In general, incontinence in these patients is caused by DO and with
sphincter synergia.

Does outlet obstruction exist in patients with PD?

Voiding dysfunction exists in 35% to 70% of patients with PD. The most common symptoms are urgency,
frequency, nocturia, and urge incontinence. The most common finding on urodynamics is detrusor hyperreflexia
with smooth sphincter synergy. In contradistinction to patients post-CVA, those patients with PD generally

do not have outlet obstruction and subsequently respond poorly to prostatectomy. This may be due to poorly
sustained bladder contractions and poor sphincter relaxation.

In what way is PD different from a stroke urodynamically?

Both demonstrate detrusor hyperreflexia, but PD patients usually have a weakened sphincter as well.
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What is multiple system atrophy (MSA)?

MSA is a progressive neurodegenerative disorder of unclear etiology characterized by parkinsonism, as well as
cerebellar, autonomic, and pyramidal cortical dysfunction. Initial symptoms include urgency, frequency, urgency
incontinence, and erectile dysfunction. As the disease progresses patients begin to experience difficulty initiating
and maintaining voiding. This likely occurs due to pontine and sacral cord lesions. VCUG may reveal an open
bladder neck consistent with intrinsic sphincter deficiency (ISD). EMG studies may also show striated sphincter
denervation, which predisposes patients to sphincteric incontinence.

How do you differentiate MSA and PD?

MSA generally has the following features:

1. Urinary symptoms precede or present with parkinsonian symptoms.
2. Urinary incontinence.

3. Significant postvoid residual volume.

4. Initial erectile failure.

5. Abnormal sphincter EMG.

How does MS affect voiding and what is the most common finding?

MS is a demyelinating disease that most commonly involves the posterior and lateral columns of the cervical
spinal cord. Fifty to ninety percent of these patients have voiding dysfunction at some point. The most common
finding is detrusor hyperreflexia. Thirty to sixty-five percent of these patients have striated sphincter dyssynergia.

In MS, how often is detrusor areflexia found?

20% to 50%.

‘What parameters predispose patients with MS to significant urologic complications?

Men with (1) detrusor-sphincter dyssynergia, (2) detrusor filling pressures > 40 cm H,O, and (3) indwelling
catheters.

What is diabetic cystopathy?

This is a term that describes the effects of diabetes on the urinary bladder. The most recent evidence points to
both a sensory and motor dysfunction. Urodynamically, these bladders demonstrate impaired sensation, increased
capacity, decreased contractility, and impaired flow patterns. Pressure/flow studies can differentiate poor bladder
emptying from outlet obstruction. Timed voiding plays a pivotal role in therapy.

Diabetic cystopathy typically occurs how long after the onset of diabetes?
10 years.

What is Shy—Drager syndrome and what urodynamic findings are associated with it?

This disorder results from cell loss and gliosis in the cerebellum, substantia nigra, intermediolateral columns of the
spinal cord, and Onuf nucleus. Clinically, patients demonstrate orthostatic hypotension, anhidrosis, and certain
degrees of parkinsonian symptoms plus autonomic dysfunction. Diagnostically, these individuals are identified by
the uncommon findings of an open bladder neck (in contrast to PD patients) and striated sphincter denervation

on EMG.
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Patients with Shy—Drager syndrome should avoid what type of urological surgery?

TURP, because the rate of total incontinence is high.

TURP should generally be avoided in what disease states?

In addition to Shy—Drager syndrome, TURP should be avoided if possible in PD patients due to high rates of
incontinence.

‘What kind of voiding disorder would a patient with syphilis present with?

Syphilitic myelopathy is an increasingly rare entity in the world today, especially in developed countries. However,
patients with untreated syphilis can develop tabes dorsalis, which causes dysfunction of the dorsal columns and
posterior sacral roots. This causes loss of bladder sensation resulting in large residual urine volumes (sensory
neurogenic bladder).

What is Fowler syndrome?

Urinary retention in a young woman without anatomic cause or obvious neurological dysfunction, occurring
intermittently with normal voiding in between. It is characterized by retaining urine for over a day but without
urgency despite a bladder capacity of 1 L. MRI of the brain and the entire spinal cord is normal. Diagnosis is
based on EMG abnormalities of the striated urethral sphincter.

Name and define the 4 types of incontinence.

1. Stress urinary incontinence manifests as leakage secondary to increased intra-abdominal pressure due to weak
pelvic support.

2. Urge incontinence is leakage with the urge to void, usually associated with advanced age, neurological diseases
(MS, stroke, UMN diseases, and brain tumors), and idiopathic.

3. Overflow incontinence patients leak when they have a full bladder, with constant leaking or dribbling. These
are commonly associated with grade III or IV prolapse, previous surgeries (APR), and lower motor neuron
diseases (detrusor areflexia).

4. Global incontinence is a constant leakage requiring extensive workup.

In patients with neurogenic voiding dysfunction, what urodynamic finding has the highest correlation with
the development of upper tract damage?

DSD correlates highest with the upper tract damage.

A finding of detrusor-sphincter dyssynergia implies injury to which neurologic pathway?

Coordinated, synergistic voiding requires an intact neural axis between the pontine-mesencephalic reticular
formation and the sacral spinal cord.

In patients with bladder outlet obstruction, what is the typical opening pressure on pressure-flow studies?

These patients have opening pressures greater than 80 cm H,O.



CHAPTER 14  Neurogenic Voiding Dysfunction 157

What is ALPP and what is it used to determine?

ALPP is the abdominal leak point pressure and is defined as the intravesical pressure at which urine leakage occurs
due to increased abdominal pressure in the absence of a detrusor contraction. The ALPP is used to determine
urethral sphincteric strength. In general, an ALPP < 60 cm H,O signifies ISD. An ALPP between 60 and 90 cm
H,0O is indeterminate for ISD, and an ALPP > 90 cm H,O suggests there is little or no ISD.

Name 3 risk factors for female ISD.
1. Prior urethral or periurethral surgery such as anti-incontinence surgery or excision of a urethral diverticulum.
2. Neurologic insult affecting parasympathetic, sympathetic, and/or somatic nerves.

3. Pelvic radiation that can affect mucosal coaptation of the female urethra and cause associated nerve damage.

What are the general factors that contribute to urinary incontinence in women?

Predisposing factors such as anatomy and collagen status. Inciting factors such as childbirth and previous surgery.
Promoting factors such as infection and obesity. Decompensating factors such as aging.

How do Kegel exercises reduce incontinence?

These exercises not only produce a direct physical obstruction to urinary leakage, but they also can help abolish
uninhibited detrusor contractions. This is accomplished by stimulation of afferent sacral nerves at low frequencies
(below the pain threshold of C fibers). This causes inhibition of efferent pelvic nerve firing thereby reducing
detrusor activity.

Kegel exercises stimulate the activity of which pelvic nerve?

Pudendal nerve.

What is the failure (attrition) rate of pelvic floor biofeedback and what is the most important factor in
successful therapy?

Biofeedback works by bringing to conscious control that which was previously unconscious. The most important
factor in the success of therapy is a well-motivated patient. In fact, attrition rates remain as high as one-third even
in well-established centers.

Why is pharmacotherapy using acetylcholine-like drugs not clinically useful in facilitating bladder emptying?
These drugs are rapidly hydrolyzed by cholinesterases thereby limiting their efficacy.

What are the urodynamic parameters used to diagnose bladder neck obstruction in women?

While validated nomograms do not exist, the following findings are highly suggestive of obstruction: sustained
detrusor contraction of normal or high pressure, poor flow of urine, and lack of bladder neck funneling on
fluoroscopy. All of these findings must be accompanied by a synergic external urethral sphincter for bladder neck
obstruction to exist.

What are some of the causes of urinary retention in females?

Edologies of retention in women include MS, spina bifida occulta, viral sacromyeloradiculitis, lumbar disc
protrusion, cauda equina syndrome, bladder neck obstruction, pseudomyotonia, and reflex sympathetic dystrophy.
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What factors may contribute to urinary incontinence following radical prostatectomy?
Any one or combination of the following may contribute to incontinence:

® Residual outlet obstruction.

® Detrusor instability.

¢ Sphincter incompetence.

® DPreexisting neurologic disease.

Two days following a lumbar laminectomy, a 61-year-old male is in urinary retention. What is the
recommended initial treatment?

Disc disease is commonly associated with voiding dysfunction. The most common finding is that of detrusor
areflexia. Generally, patients present with symptoms of poor emptying. Interestingly, laminectomy may not
improve the bladder dysfunction. Treatment in this male would consist of catheter placement and urodynamic
studies.

‘When evaluating incontinence in geriatric patients, what does the mnemonic DIAPPERS refer to?

Delirium, Infection, Atrophic vaginitis, Psychological problems, Pharmaceuticals, Excess urine output, Restricted
mobility, Stool impaction.

What is the most common type of urinary incontinence in the elderly?

Urge incontinence is the most common cause of urinary incontinence in the elderly. Many conditions that are

prevalent in this population predispose them to this type of incontinence including CVA, PD, spinal cord injury,
MS, and BPH.

Is urinary incontinence a normal consequence of aging?

While age-related changes are present in the elderly and predispose them to incontinence, this should not be
considered a normal part of aging and a thorough evaluation is indicated.

‘What broad categories of medications may be associated with urinary incontinence?

ACE inhibitors, alcohol, B-adrenergic agonists and antagonists, calcium channel blockers, diuretics, narcotics,
sedatives and hypnotics, and vincristine.

What are the indications for urodynamics testing in the incontinent patient?

Any patient who reports a history of a failed incontinence procedure or previous radical pelvic surgery, patients
with mixed symptoms (including both stress and urge), history of a neurologic disorder, failed medical therapy,
and most importantly any patient in whom stress incontinence is not demonstrated on physical examination.

‘What are common therapies designed to treat bladder storage deficits of bladder etiology in order
of invasiveness?

Behavioral therapy/biofeedback, pharmacological therapy (anticholinergics, TCAs, calcium antagonists, potassium
channel openers, prostaglandin inhibitors, o-adrenergic agonists, B-adrenergic antagonists, DMSO, capsaicin,
resiniferatoxin, botulinum toxin), bladder overdistension, electrical stimulation/neuromodulation, interruption
of innervation (selective sacral rhizotomy), and augmentation cystoplasty.
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What are common therapies designed to treat bladder storage deficits due to bladder outlet related issues in
order of invasiveness?

Behavioral therapy/biofeedback, electrical stimulation, pharmacological therapies (3-adrenergic agonists, TCAs,
-adrenergic agonists/antagonists), vaginal supportive devices (pessaries), periurethral bulking agents (collagen,
synthetics), vesicourethral suspension, sling procedures (both with prolapse repair if needed), artificial urinary
sphincter, bladder outlet reconstruction, and myoplasty.

What are common therapies designed to aid in bladder emptying due to bladder contractility problems in
order of invasiveness?

Valsalva/credé, bladder training, pharmacological therapies (parasympathomimetics, prostaglandins, a-adrenergic
antagonists, and opioid antagonists), electrical stimulation (neuromodulation), reduction cystoplasty, and bladder

myoplasty.

What are common therapies designed to aid in bladder emptying due to bladder outlet problems in order
of invasiveness?

o At the site of obstruction: pharmacological therapies (a-adrenergic antagonists, 5a-reductase inhibitors, LHRH
agonists/antagonists, antiandrogens), prostatectomy, bladder neck incision/resection, urethral stricture repair,
urethroplasty.

o At the smooth sphincter. pharmacological therapies (oi-adrenergic antagonists, 3-adrenergic agonists),
transurethral resection/incision, Y-V plasty.

o At the striated sphincter: behavioral therapy/biofeedback, pharmacological therapy (benzodiazepines,
baclofen, dantrolene, a-adrenergic antagonists, botulinum toxin injection), urethral overdilation, surgical
sphincterotomy, pudendal nerve interruption.

How does neuromodulation work on both storage and emptying functions?
Two theories:

1. Inhibition of afferent fibers from the bladder that affects sensation and micturition reflex arcs in the spinal
cord.

2. Direct stimulation of efferent fibers via the pudendal nerve to the external sphincter causes sphincter closure
and reflexive detrusor relaxation.

In theory how would sacral neuromodulation aid in treating urinary retention?

In patients with spinal cord injuries who have alterations in their suprasacral pathways, the guarding and urethral
reflex may be constitutively active causing urinary retention. Neuromodulation may inhibit the excitatory flow
from the urethral outlet and allow for bladder emptying.

Where is the lead for a sacral nerve stimulator (SNS) placed, and how does it work?

Sacral nerve stimulators (eg, InterStim) are used for refractory urge incontinence, OAB, and idiopathic urinary
retention for patients who have failed conservative therapy. The lead is placed in the S3 foramen, where both the
pelvic plexus and pudendal nerve run.

How is the correct placement of a sacral stimulator lead determined clinically and what is the appropriate
response that is observed?

The lead is tested by a clinical nerve stimulation test. The appropriate motor response is dorsiflexion of the great
toe and bellows contraction of the levator muscles in the perineal area (anal wink).
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What are the clinical indications for a SNS?

SNS can be used for both storage dysfunction (eg, urgency—frequency and urge incontinence) and emptying
dysfunction (nonobstructive urinary retention). There are no defined preclinical factors, such as urodynamic
findings, that can predict which patients will respond to sacral neuromodulation.

How often do the nerves from the S2-S4 sacral foramina differ?

The detrusor is innervated primarily by S3 and to a lesser extent by S2 and S4. Rectal stimulation is by means
of all 3 roots equally. Erectile stimulation is mainly by S2 with a small contribution from S3 but none from S4.

What are the contraindications to sacral neuromodulators?

Contraindications include significant bone abnormalities in the spine or sacrum that may prohibit access to the
foramen, inadequate mental capacity of patients who could not manage the device, physical limitations that
prevent voiding (functional incontinence), future need of MRI, and noncompliance. SNS are not contraindicated
and can be used in specially selected patients with MS, spinal cord injury, and chronic cystitis, and even in certain
pediatric cases.

What is the most common complication associated with SNSs?

The InterStim device is relatively new; however, pain at the neurostimulator site was the most common complaint
(15% of patients) after 1 year of follow-up. Lead migration occurs in roughly 12% of SNS procedures performed
previous to the newer InterStim device with its tined leads. Surgical revision was required in 33.3% of InterStim
cases to resolve an adverse event. Explantation for lack of efficacy occurred in 10.5%. Infection of the battery site
warrants explantation of the entire system.

How does botulinum toxin (Botox) work?

Botox blocks the release of acetylcholine and other transmitters from presynaptic nerve endings. Injection into

the detrusor impairs contractility, and results in temporary muscle atrophy at the injection sites. The desired
chemical denervation is a reversible process, and axons are regenerated in about 3 to 6 months. Botox is efficacious
for at least 3 to 4 months, and has been shown to be effective for up to 1 year. Additional injections of Botox

are required over time because the effect of Botox does decline over time. However, there does not seem to be a
reduction in response with additional injections. Moreover, Botox has also been shown to suppress afferent nerve
activity by inhibiting the release of substance P and CGRP from sensory terminals.

When can Botox be used?

There are a number of potential uses for Botox. Careful workup is necessary to determine when it will be most
efficacious. With DO, Botox can result in improvements in symptoms of frequency, urge incontinence, and the
sense of urgency. Botox can also improve bladder capacity, volume at first reflex detrusor contraction, bladder
compliance, and decreases in detrusor pressures during bladder filling and voiding. Recently, Botox has been

used to treat pelvic floor spasticity as well as patients with nonneurogenic OAB and even interstitial cystitis. Its
efficacy has also recently been shown in benign prostatic hyperplasia, where injections into the prostate can induce
prostatic atrophy by inducing apoptosis, inhibiting proliferation, and downregulating a,,-adrenergic receptors.

How is Botox administered for treatment of DO?

While the optimal dose of Botox for treatment of DO has yet to be determined, the widely used dosage is 200 U,
which is administered transurethrally at 20 to 30 sites around the bladder with sparing of the trigone and bladder
dome.
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What are some of the differences between SNSs and Botox injections?

The FDA has approved neuromodulation for use in urge-incontinence, urge-frequency syndrome, and idiopathic
urinary retention. As of August 2011 Botox has been approved for use in the treatment of neurogenic detrusor
overactivity only. Some patients may prefer a trial of Botox injections. Its advantages include a lower inidal cost,
simpler procedure, and no need for permanent implant or possible revisions. Its main disadvantage is that it only
lasts 3 to 9 months, requiring repeat administration. Currently, long-term response to neuromodulation is better
established than Botox, as there is no direct comparison study.

What is required for bladder control to mature from the infant voiding pattern to the adult voiding pattern?

Along with an intact nervous system the following 3 events need to occur simultaneously for the maturation of the
micturition cycle to occur:

1. Progressive increase in functional bladder storage capacity.
2. Maturation of voluntary control over the urethral sphincter.

3. Development of direct volitional control over the bladder-sphincter unit in order to initiate voluntary voiding.

What is Hinman syndrome?

Initially known as nonneurogenic neurogenic bladder or subclinical neurogenic bladder. It describes a form of
bladder—sphincteric dysfunction in children that was characterized by a combination of bladder decompensation
with incontinence, poor emptying, and recurrent urinary infections. Most children also have significant bowel
dysfunction, including encopresis, constipation, and fecal impaction.

What is Ochoa (urofacial) syndrome?

Children with this syndrome exhibit all the classic features of dysfunctional voiding, including urinary
incontinence, recurrent UTTs, constipation, reflux, and upper tract damage, but they also have a peculiar painful
or apparently crying facial expression during smiling. It has autosomal recessive inheritance and has been located
on chromosome 10. Urodynamic studies characteristically showed a sustained contraction of the external sphincter
during voiding. The resulting severe bladder—sphincter dysfunction is often associated with a dismal outcome.

What is dysfunction elimination syndrome in children?

It is a term used to recognize that many children with dysfunctional voiding and recurrent UTIs often have
associated bowel dysfunction, including constipation, fecal impaction, and encopresis. Any gross distention of
the rectum by impacted feces can result in mechanical compression of the bladder and bladder neck, leading to
urinary obstruction. In addition, it has been observed that large fecal impaction may induce significant detrusor
instability and other bladder dysfunctions, which in turn will result in the urge syndrome, UTI, and reflux.

What percentage of clinical problems seen in pediatric urology are the result of neurologic lesions that
affect lower urinary tract function?

25%.

What is the most common cause of neurogenic bladder dysfunction in children?

Abnormal development of the spinal canal and internecine spinal cord. Myelomeningocele accounts for more
than 90% of all open spinal dysraphic states, with a spectrum of neurologic lesions depending on which neural
elements have everted with the meningocele sac.
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(O Where is the most common location of a meningocele?

The